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The invention herein described and clained 
relates to a relaxation oscillator of innproved fre 
quency Stability. More particularly, the present 
in Vention provides an improved blocking tube 
OScillator whose free-running frequency is in 
herently very stable, being substantially util 
affected, for example, by variations in plate 
Voltage. Such variations in plate voltage may be 
caused either by an unregulated plate voltage 
Supply or may be caused by adjustinents glade 
manually to the D.-C. plate Voltage to control, 
for example, the amplitude of the OScillator's out 
put voltage. 
Due to the inherent stability of my in proved 

circuit when Operating as a free-running block 
ing tube oscillator, I am able to lock-in title oscil 
lator, in frequency and in phase, Wit: i.eglia, Iriy 
recurring trigger pulses of Substantially Snailer 
amplitude than have heretofore been required to 
effect dependable Synchronization. COGSe 
quently, in a preferred circuit arrangement, Suit 
able means are included for limiting to a Snail 
value the amplitude of the Synchronizing pulses. 
The amplitude of noise pulses are then also 
liiited to a Srinall Value. This is Very advan 
tageous in that the period of time during Which 
the improved circuit is responsive to noise pulses, 
when Operating as a Synchronized blocking tube 
OScillator, is reduced to an extremely Sinail in 
terval relative to that obtaining in prior art Syn 
chronized OScillators. This Will become clear as 
the description proceeds. 

It is a broad object of this invention to grovide 
a relaxation oscillator of improved frequency 
stability. 

It is another object of this invention to pro 
Wide a Synchronized blocking tube OScillator 
whose frequency is stabilized against variations 
in plate voltage and against electrical noise dis 
turbances. 

It is a more specific object of this invention to 
provide a blocking tube oscillator capable of 
being Synchronized in a dependable mainer with 
regularly-recurring trigger pulses of Sibstantially 
Smaller amplitude than have heretofore been 
required to insure Satisfactory Synchronization 
O: Ock-in. 
Another object of this invention is to provide 

a blocking tube OScillator of excellent frequency 
Stability adapted for use in the defectio; cir 
cuits, particularly the horizontal deflection cir 
cuits, of a television receiver. 
These and other objects, advantages, and fea 

tures of the present invention, and the islanner 
in which the objects are attained, will icecche 
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clear from a consideration of the following de 
tailed description and accompanying drawing in 
Which: 

Figure i is a schematic representation of a 
preferred form of my improved blocking tube 
oscillator sinown in the environment of the de 
fiection system of a television receiver, and 

Figures 2a-2d are graphical representations 
of various voltage waveforms which will be help 
ful in explaining and understanding the present 
invention. 

Referring now to Figure 1, a blocking tube 
oscillator embodying the present invention is 
snown to comprise a first triode it and a Second 
triode 2. Piate of first triode it is coupled, 
by way of capacitor 26, to cathode 23 of Second 
triode 22, cathode 23 being connected to ground 
by way of a cathode load resistor 24. Coupling 
capacitor 26 and cathode load resistor 28, together 
form a network 46 whose RC time Constant is orie 
of the factors which determines the free-running 
frequency of the improved blocking tube OScil 
lator, as Will be described. 

Plate 2 of second triode 20 is connected, by 
way of the primary winding 29 of transformer 27 
and resistor 34, to a source of positive plate Volt 
age, B--. A bypass capacitor 3' is connected be 
tween the plate end of resistor 34 and ground. 
Where the output of the improved blocking tube 
oscillator is intended to be a Sawtooth voltage, 
as is ordinarily the case Where the OScillator is 
employed in the defection system of a television 
receiver, capacitor 3 is the element acroSS which 
the Sawtooth output voltage is developed in con 

In Figure , the Sawtooth 
output Voltage is shown to be applied, by Way of 
coupling capacitor 33, to output utilization means 
35. 
The plate-cathode output circuit of second 

triode 2 is inductively coupled, by means of 
transformer 27, to the grid-cathode circuit of 
first triode 9. In the circuit shown in Figure 1, 
a Source 6 of Synchronizing pulses is also coupled 
to the grid-cathode circuit of tube a by Way of 
an amplitude limiter circuit 9, a series capacitor 

, a shunt load resistor 8, and the secondary 
Winding 28 of transformer 27. The employment 
of an amplitude limiter circuit 9 is preferable 
but not essential. Load resistor 8 is preferably 
of Small value in Order that the Synchronizing 
and noise pulse voltages developed therea cross 
may be of Small magnitude. Cathode resistor A 
and capacitor 5 comprise a cathode biasing net 
Work 25 for first triode O. . It is to be understood 
that, when my improved circuit is employed as 



3 
a free-running blocking tube oscillator, the con 
nection of source 6 to grid 2 is not made, in 
which case the low potential end of Secondary 
winding 28 is connected directly to ground. 

In accordance with the present invention, the 5 
plate-cathode output circuit of first triode 0 
includes, in addition to the branch previously de 
scribed (comprising coupling capacitor 26 and 
cathode load resistor 24), another branch which 
includes a load resistor 4, and an LC network 
40 comprising an inductance 42 in shunt With a 
capacitance 43. Capacitance 45 is a large bypass. 
capacitor. The low potential ends of inductance 
42 and capacitance 43 are consequently at ground 
potential with respect to the operating frequency 
of the oscillator. The low potential end of in 
ductance 42 is connected, by way of a voltage 
dropping resistor 44, to a source of plate supply 
voltage, B--. 
The operation of my improved blocking tube 

oscillator will now be described. It will facilitate 
the description to assume that the circuit is in 
oscillation. It will further facilitate the first 
portion of the description to assume that the cir 
cuit is operating as a free-running blocking tube: 
oscillator without application of synchronizing 
pulses to either tube fo or tube 20. - 
The description will begin at that point in the 

cycle of operation at which tube 20 fires. When 
tube 20 goes into conduction, plate current flows 
through primary winding 29 of transformer 27 
and the potential at the plate end of winding 29 
drops sharply. A pulse of positive voltage is 
thereupon induced, by well known transformer 
action, at the grid end of secondary winding 28. 
This positive pulse appears, of course, at grid 2 
of tube 0. The constants of the cathode biasing 
network 25 may, if desired, be such as to permit 
some plate current to flow in tube to prior to the 
time the said pulse arrives at grid 12. When the 
pulse appears on grid f2, the plate current of 
tube 0 increases sharply, the potential of plate 
f drops sharply, and the potential of cathode 23 
of second triode 20 drops in a corresponding man 
ner. The plate current of tube 20 then increases 
still further. The potential of plate 2 f becomes 
more negative, the induced voltage at the grid 
end of winding 28' becomes more positive, and 
the plate current through tube O' undergoes a 
further increase. This action is cumulative and 
continues until the plate current in second 
triode 20 reaches its maximum value. This plate 
current will not remain constant at its maxi 
mum value because the cathode and plate po 
tentials of tube 20 will change due to the charg 
ing of capacitor 26 by the cathode current of 
tuber 20 and the failure of primary inductance 
29 to sustain a constant voltage across its ter 
minals. Consequently, after reaching its maxi 
mum value, the plate current of tube 20, will 
start to decrease. This decrease results in a de 
crease in the positive voltage applied to grid 2, 
an increase in the voltage at plate if, an increase 
in voltage at cathode 23, and a further decrease 
in the plate current of tube 2.0: This action is 
cumulative, as before, and continues sharply until 
tube 20 ceases to conduct. In general practice, 
the conduction periods of tubes fo and 20 are short 
compared to the non-conduction periods. 

Neglecting for the moment the effect of LC net 
work 40, it will be seen that second tube 20 will 
remain in a non-conductive state until the posi 
tive charge which developed on capacitor 26 dur: 
ing conduction leaks of sufficiently to lower the 
potential of cathode 23 below the cutoff point 
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(equivalent to raising the grid potential above the 
cutoff point), whereupon tube 20 will again con 
duct. The cycle of operation described above is 
then repeated. The action thus far described 
is believed to be sufficiently similar to that which 
takes place in a conventional single-tube block 
ing oscillator to make description in greater detail 
unnecessary. - - - - - 

The important effect of LC network 40 and of 
resistor 4 upon the operation of the circuit will 
now be considered. The present invention pro 
poses that, as a preferred matter, inductance 42 
and capacitance 43, which form LC network 40, 
be so chosen that network 40 will be resonant at 
a fundamental frequency which is slightly lower 
than the frequency at which the blocking tube 
oscillator is desired to operate as a free-running 
device. If desired, the constants may be so chosen 
that network 40 is resonant to a multiple of the 
said fundamental frequency. 
The pulse of current which flows, as previously 

described, into plate ff of tube opasses through 
the resonant circuit 40. Resonant circuit 40 is 
then shock excited by the pulse and a sine wave 
voltage is thus developed across the network. 
When network 40 is tuned to a frequency slightly 
lower than the free-running operating frequency 
of the blocking oscillator, as is preferred, LC 
network 40 is shock excited once during the nega 
tive-going portion of each cycle, just prior to the 
occurrence of the negative peak of the sine wave, 
The waveform of the voltage developed across 

LC network 40, i. e. at point a in Figure 1, is 
shown in Figure 2d. When second tube. 20 fires, 
a pulse of plate current from first tube ?o flows. 
into capacitor 43 to replace the energy lost during 
the sine-wave. oscillation. The voltage at point 
a thereupon drops rather sharply, the magnitude 
of the drop, relative to the amplitude of the sine 
wave, being a function of the Q-factor of resonant 
circuit 46. In Figure 2a, the sharp drop in the 
potential of point a is indicated by the steep slope 
just prior to the occurrence of the negative peaks. 
The pulse of plate current from tube 0, which 

flows into capacitor. 43 when second tube. 20 fires, 
develops a pulse voltage across. resistor 4, which 
is negative at the plate end. The waveform of 
the voltage at point b in the circuit of Figure.1 
is consequently as shown in Figure 2b. It will be. 
seen that waveform. 25. comprises the sine.wave 
form 2a, developed across LC network 40, incom. 
bination with the negative pulse of voltage devel 
oped across resistor 4 when, second tube. 20 fires. 
and first tube ?o conducts strongly. 
The Waveform. shown in Figure 2b is applied, 

by way of capacitor 26, to cathode 23 of second 
tube 20. There, waveform, 2b combines, with an 
exponential sawtooth voltage component 2c. The 
Sawtooth waveform 2c represents the voltage. 
which is present across capacitor 25, due to its 
being charged rapidly by the pulse of cathode 
current in tube 20 and discharged slowly at a rate 
determined by the RC time constant of network, 
46. The resultant voltage waveformat cathode. 
23 (point din Figure.1). is shown in Figure. 2d. 
It will be seen that waveform 2d comprises, the 
combination of the sine-wave-with-superim 
posed-pulse waveform. 25 and the sawtooth wave 
form 2c. 
My invention contemplates.the circuit.param. 

eters of the improved, blocking tube oscillator. 
to be so selected that, when the oscillator is op 
erating, tube. 20 will not fire until the potential, 
of cathode. 23 drops to a selected value, which is, 
only attairied for a very short period during each 
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cycle. This is clearly depicted in Figure 2d where 
the cutoff potential of cathode 23 is indicated 
by the line So marked. Observe that the Wave 
form. 2d. is So shaped that only for a short period 
during each cycle is the cathode potential Sufi 
ciently low (equivalent to the grid potential be 
ing sufficiently high) to permit second tube 25 to 
conduct. This short period begins when two of 
the three voltage components of which waveform 
2d. is comprised are moving in a negative-going 
direction. The third component, i. e. the nega 
tive pulse component, is not developed, in a free 
running blocking oscillator, until second tube 2 
fires. 

Stated another way, the circuit is So alranged 
and the parameters are so chosen that the Ordi 
narily positive potential of cathode 23 is driven 
down Suficiently close to ground potentiai to per 
mit the flow of plate current in tube 2 when the 
negative-going portion of the sine-Wave Voltage 
2a combines with a low potential portion of the 
sawtooth voltage 2c to produce a resultant catsi 
Ode potential of preselected low magnitude, re 
resented in Figure 2d by the line marked 'cut 
off.' When the cathode potential reaches this 
value, second tube 2 fires, and a negative guise 
of voltage is developed at point b Which, being 
applied to point d, assists and intensifies the {0}i 
duction taking place in tube 2. Maximum plat{2- 
current flow is quickly reached, and Soon tree 
after the piate current flow decreases in the man 
ner previously described. The potentials of plate 

of tube and of cathode 23 of the 2 there 
upon rise rapidly, and second tube 2 cuts off. 
Thereafter, the potential of cathode 23 follows 
a path determined by the sine Wave voltage com 
ponent 2d. in combination. With the SE Witocti Wolt 
age component 2c until a value is reached Sufi 
ciently, close to ground to cause tube 2 to again 
conduct. The frequency of the Oscillation is co 
sequently a function of both the RC ting constant 
of network 45 and the resonant frequency of C 
network 49. 
I have observed that the new circuit is capable 

of operating as a free-running blocking tube oscil 
lator of excellent frequency Stability. Its free 
running frequency is, for example, Substantially 
independent of variations Which may occur in 
piate voltage. And, to an important extent, the 
free-running frequency is less affected by V&ria 
tions occurring in certain of the circuit constants 
which in prior art oscillators have considerable 
effect on the operating frequency. 
The stability of my free-running blocking tube 

oscillator against variations in plate Voltage Will 
first be discussed. As indicated hereinabove, plate 
voltage variations may be due to an Unregulated 
supply or may be caused by adjustinents nate 
manually to the D.-C. plate voltage to control, foi' 
example, the amplitude of the oscillator's output 
voltage. Assume that the plate Supply Voltage 
increases. When this occurs, the plate currents 
of both tubes increase. The increase in the plate 
current of Second tube 2) produces an increas: 
in the amplitude of the exponential SawtSat. 
voltage component developed by RC network 48. 
The increase in the plate current of first tube a 
produces an increase in the amplitude of the sile 
Wave voltage developed across LC netWork 8, and 
also in the anpitude of the negative pulse Voit 
age developed across resistor 4. Observe, how 
ever, that an increase in the amplitude of the 
positive-potential Sawtooth Voltage component 
tends to delay the time at which tube 20 fires, 
whereas an increase in the amplitude of the Sile 
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wave voltage component tends to advance the 
time at which tube 20 fires. 
Stated another way, When the plate currents of 

both tubes increase as a result, for example, of 
an increase in the D.-C. plate Voltages, forces are 
developed which are in opposition to each other, 
One tending to increase the frequency of opera 
tion of the blocking tube oscillator, the other 
tending to decrease the frequency of operation. 
The circuit parameters may consequently be so 
Selected that the opposing forces are of Substan 
tially equal magnitude, in which case no appreci 
able change in oscillator frequency will occur 
when the D.-C. plate voltage is varied. In my 
experiments, I have found that the free-running 
operating frequency remained substantially con 
stant OVer a two-to-one change in plate voltage. 

I indicated above that my improved blocking 
tube oscillator is less affected by variations which 
may occur in the values of certain of the fre 
quency-determining circuit constants. I have 
found, for example, that Small variations in the 
values of resistor 24 and/or capacitor 26 have a 
Sinailer effect upon the operating frequency than 
Such variations would have had in prior art block 
ing OScillators. ASSume, for example, that the 
Value of resistor 2 changes during warm-up of 
the apparatus. In this event, the amplitude and 
time constant of the Sawtooth voltage component 
2c Will change. As a consequence, the free-run 
ning frequency of the oscillator will tend to 
change, but the actual change Will be relatively 
Small. This stability is derived from the LC cir 
cuit 42. Observe that the slope of the sine wave 
Voltage component 2a (which is Substantially un 
affected by the change in the constants of RC 
network f) is substantially steeper, at the point 
corresponding to the time of firing of tube 20, 
than the slope of the Sawtooth Voltage component 
2. Consequently, the firing potential of cathode 
23 is reached at very nearly the same time that it 
Would have been reached had the constants of 
RC network 46 not changed slightly. Of course, 
changes of relatively large magnitude in the con 
Stants of RC netWork 46 Will change the free 
running frequency of my blocking tube oscillator. 
As a matter of fact, cathode resistor 24 may, in 
practice, be a variable resistor for controlling, in 
a vernier-like manner, the free-running fre 
quency of the OScillator. 
The operation of my improved circuit as a 

Synchronized, rather than as a free-running, 
blocking tube OScillator Will now be described. 
When the frequency of my improved blocking 
tube OScillator is to be controlled by regulary 
recurring Synchronizing or trigger pulses from 
an outside Source, the circuit constants are so 
Selected that, in the absence of the Synchronizing 
buses, the free-running frequency of the OScil 
lator is slightly lower than the repetition fre 
quency of the Synchronizing pulses. 
ASSume that, in Figure 1, Synchronizing pulses 

of positive polarity from Source 6 are applied, 
by Way of amplitude limiter 9, coupling capaci 
tor , shunt load resistor f8, and secondary wind 
ing 28, to grid 2 of first triode 0 at a time when 
the circuit is operating as a free-running oscil 
lator. In practice, amplitude limiter 9 may com 
rise the synchronizing-separator or pick-off cir 

cuit of the television receiver, which, by virtue 
of plate Saturation limits the pulses to a uniform 
amplitude. When a positive Synchronizing pulse 
arrives at grid 2, the plate current of tube lo 
rises sharply and a pulse of negative-going voltage 
is developed at point b which is applied, by way 
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of capacitor 26, to cathode 23 of second triode 
20. Assume that, at the instant this negative 
pulse is applied to cathode 23, the instantaneous 
potential of cathode 23 corresponds to that at 
point pin. Figure 2d. Observe that the potential 
at point p is relatively high with respect to the 
cutoff potential of cathode 23. The present in 
vention contemplates the negative pulse developed 
at point b and applied to cathode 23 to be Small in 
amplitude. Such a pulse, occurring at point p 
in Figure 2d, is ineffective to drive cathode 23 
down sufficiently to cause tube 20 to conduct. 
Tube 20 therefore remains in non-conductive 
state. It will be understood that the amplitude 
of the negative pulse just referred to is Substan 
tially smaller than the amplitude of the negative 
pulse shown in Figure 2b. For, the large pulse 
in Figure 2b is developed as a result of second 
triode'20 firing, whereas in the situation now being 
descried tube 20 remains non-conductive. 
Stated another way, the present invention con 

templates that the pulses applied to first tube (), 
whether they be synchronizing pulses or noise 
pulses, will be ineffective to fire second triode 2 
unless the pulse occurs at an instant coinciding 
With, or immediately prior to, points f, f, in Fig 
ure 2d, where points f, f' are the points of time at 
which tube 20 will fire, when operating as a free 
running blocking oscillator. Tube 2e will not be 
driven into conduction by pulses occurring at 
other times, whether they be intended to Syn 
chronize the oscillator or not. However, as stated 
above, the invention proposes that the free-run 
ning, frequency of the oscillator be lower than 
the repetition frequency of the applied Synchro- : 
nizing pulses. Consequently, the time difference, 
between the occurrence of the synchronizing 
pulse and the instant at which tube 20 fires dur 
ing free-running operation, will grow Smaller and 
smaller, and at, some point of time the Synchro 
nizirig pulse will occur substantially coincidentally 
with the free firing of tube 20. Stated graphically, 
in Figure 2d the position of point p, representing. 
the occurrence of the Synchronizing pulse, will 
move to the left until the synchronizing pulse 
occurs substantially simultaneously with the free" 
firing of tube 20, represented by point f. There 
after, the position of point p will move to the left 
of the free-firing point f but only by a small fixed 
amount. For, when the synchronizing pulse 
occurs, say at points, cathode 23 Will be driven 
down to a potential permitting the flow of plate 
current and tube 20 will fire. For the purposes. 
of the present discussion, point f in Figure 2d 
may be considered as the point at which the tube 
20 would have fired in the absence of a pulse: 
occurring at points. But with a pulse' occurring 
at points, tube 20 fires at points. The succeeding 
synchronizing pulses will then occupy the same 
position, relative to the point f' at which tube 
2) would have fired in the absence of pulse s', 
as the preceding pulses occupied. With respect to 
point f. The oscillator will therefore fire at point 
s'. It Will be seen then that the blocking tube 
Oscillator will lock-in, in phase and frequency, 
with the applied synchronizing pulses. It will 
also be seen that pulses, such as intermittent noise 
pulses, occurring at instants corresponding to 
points other than the immediate vicinity of the 
free-firing points f, f, are ineffective to fire 
second triode 20. Consequently, such pulses will 
not disturb the frequency of operation of the oscil 
lator. 

I have previously described the fact that may 
free-running -blocking tube oscillator is inhei 
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8. 
ently frequency stable against variations in plate 
voltage and also, to a limited extent, against Such 
variations in circuit, parameters as naay occur 
during warm-up of the apparatus. It is because: 
of this inherent frequency Stability that ai. Sylar 
chronizing pulse of relatively. Small antiplitude" 
is sufficient to effect dependable lock-in of the 
Oscillator with the incoming, Synchronizing 
pulses. The present invention therefore con 
templates, that, in the preferred manner of use: 
as a synchronized oscillator, aheans Will be pro 
vided to limit the: amplitude of the synchronia 
ing pulses to a substantially. Smaller value' than 
has heretofore been required to aSSure Satisfact 

Incoming noise pulses will then 
be limited to the same Small airinplitude. It will: 
be seen from an inspection of the Wave-form'. 
shown in Figure 2d that the period of time dur 
ing which the improwed blocking oscillator is re 
sponsive to pulses of Small amplitude is very 
short, being limited to the immediate vicinity 
of the free-firing points f, f'. As a consequence, 
the synchronized blocking tube oscillator is Sul) 
stantially immune to: roise pulses. Nevertheless, 
the oscillator will lock-in, in Very dependable 
manner, with the regularly-recurring. Synchroi" 
nizing pulses, even though they may be of small 
amplitude. This, as previously described, is: due: 
to the fact that the new OScillator, operating as 
a free-running device is inherently stable at 
a frequency slightly lower that a the repetition: 
frequency of the synchronizing pulses. Prior art. 
blocking tube oscillators, on the other hand, be 
cause they are not inherently stable as free-' 
running devices against, for example, variations 
in plate voltage, require that the Synchronizing, 
pulses be of relatively large amplitude in order 
to assure dependable lock-in. 
Observe that, after theirnproved blocking tube 

oscillator of the present invention has locked-in 
with the Synchronizing pulses, the frequency 
and phase of the oscillaitor will not be appreciably 
disturbed by a missing Synchronizing plse or 
by a variation in the amplitude of the synchro 
nizing pulse, for the free-running instant of flir 
ing, in the absence of a Syrichronizing pulse, is 
very close to the instant at which the synchro 
nizing pulse, if present would have caused firing 
to take place. Furthermore, the inertial of the: 
resonant circuit, 40 prevents, rapid changes in. 
the phase of the sine wave voltage which largely 
determines the time offiliig. 
The blocking tube oscillator' of the present in 

vention is being used in the horizontal deflection 
system of television receivers now being manu 
factured on a production basis by the assignee 
of my invention, and has been found to constill 
tute a substantial in provenient over previously 
employed deflection oscillators. In the prod 
tion receiver referred to, tubes 10; and 25 c61aaa. 
prise a 6SL7 twin-triode. The values of pertinent 
circuit clerinents' employed in the productior re 
ceiver are given in Figure 1. These values are 
intended to be illustrative only and are not in 
tended to be limiting. Since the line frequency, 
under present United States television standards, 
is 15,750 lines per second, the repetition fre 
quency of the horizontal synchrorhizing pulses 
delivered by source f8 and applied to grid. 2, is: 
15,750 pulses per second. The resonant, fre-s 
quency of LC network 40 is slightly lower than 
the pulse repetition frequency, and is of the 
order of 14,500 cycles. per second, The R.C. tire: 
constant of network 46 is preferably of the or 
der of from Oaetird to two aids, tae: i.e. 
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duration of one cycle of operation, which is 63.5 
microSeconds. At the instant the 2 fires, ca,- 
pacitor 26 has therefore discharged to an appre 
ciable extent, and the voltage theirea croSS is coin 
Sequently changing at a relatively 30W ratt, 
The free-running operating frequency of the 
oscillator is therefore determined largely by the 
resonant frequency of the Sine Wave voltage der 
veloped across network i. 
The Synchronizing pulse voltages (23d also 

the noise pulse voltages) applied to grid 22 aire 
developed acroSS load resistor 8, which is shown 
in Figure 1 to be of Small Value. Herce, the aii 
plitude of the pulse voltages is Small. 

Having described a preferred embodiment of 
my invention, I claim: 

1. A blocking tube oscillator comprising: a first 
vacuum tube having at least plate, cathode and 
grid electrodes; a second Vacuum tube having at 
least plate and Cathode electrodes; an external 
path interconnecting the plate and cathode elec 
trodes of Said Second tube, Said path including 
an inductance and a cathode load resistance; 
means for connecting a Source of direct-current 
voltage to the plate of Said Second tube; a first 
external path interconnecting the plate and 
cathode electrodes of Said first tube, Said path 
including a sine Wave-forming parallel-resonant 
inductance-capacitance network; a Second ex 
ternal path interconnecting the plate and cath 
ode electrodes of said first tube, said second path 
including a capacitance and Said cathode load 
resistance of said second tube, Said Second path 
being in shunt with at least a portion of Said 
first path; means for connecting a Source of 
direct-current voltage to the plate of Said first 
tube; and an external path interconnecting the 
grid and cathode electrodes of Said first tube, 
said path including an inductance mutually 
coupled to said first-mentioned inductance. 

2. A blocking tube oscillator comprising: a first 
vacuum tube having at least plate, cathode and 
grid electrodes; a Second vacuum tube having at 
least plate and cathode electrodes; an external 
path interconnecting the plate and cathode elec 
trodes of said second tube, Said path including an 
inductance and a cathode load resistance; means 
for connecting a source of direct-current Voltage 
to the plate of Said Second tube; a first external 
path interconnecting the plate and cathode elec 
trodes of said first tube, said path including a sine 
wave-forming parallel-resonant inductance-ca 
pacitance network tuned to a frequency slightly 
lower than in times the frequency at which the 
oscillator is desired to operate, in being an integer; 
a second external path interconnecting the plate 
and cathode electrodes of Said first tube, Said Sec 
ond path including a capacitance and Said 
cathode load resistance of Said Second tube, Said 
second path being in shunt with at least a portion 
of said first path; means for connecting a Source 
of direct-current voltage to the plate of Said first 
tube; and an external path interconnecting the 
grid and cathode electrodes of Said first tube, Said 
path including an inductance mutually coupled to 
said first-mentioned inductance. 

3. A blocking tube oscillator as claimed in claim 
2 characterized in that said first plate-to-cathode 
circuit of said first tube includes a pulse-forming 
resistOr. 
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4. A blocking tube oscillator as claimed in clain 

2 Characterized in that the factor n is one. 
5. A blocking tube oscillator as claimed in claim 

2 characterized in that the factor 1 is an integer 
greater than One. 

6. A blocking tube oscillator comprising: first 
and Second Vacuum tubes having at least, plate, 
Cathode and grid electrodes; an external path in 
terconnecting the plate and cathode electrodes of 
Said Second tube, said path including an induct 
ance and a cathode load resistance; means for 
connecting a Source of direct-current voltage to 
the plate of Said second tube; a first external path 
interconnecting the plate and cathode electrodes 
of Said first tube, said path including a sine Wave 
forming parallel - resonant inductance - capaci 
tance network and a pulse-forming load resist 
ance, Said inductance-capacitance network being 
resonant to a frequency slightly lower than 7, 
times the frequency at which the oscillator is de 
Sired to operate, n being an integer; a second ex 
ternal path interconnecting the plate and cathode 
electrodes of Said first tube, Said Second path in 
cluding a capacitance and said cathode load re 
sistance of Said Second tube, said second path be 
ing in shunt With at least a portion of Said first 
path, Said capacitance and cathode load resist 
ance functioning as an RC biasing network for 
Said Second tube, the RC time constant of Said 
network being Shorter than the time duration of 
one cycle of oscillation at the desired operating 
frequency; means for connecting a Source of di 
rect-current voltage to the plate of said first tube; 
and an external path interconnecting the cathode 
and grid electrodes of said first tube, said path in 
cluding an inductance mutually coupled to said 
first-mentioned inductance. 

7. A blocking tube OScillator as claimed in claim 
6 characterized in that the factor n is one. 

8. A blocking tube oscillator as claimed in claim 
6, characterized in that the factor n is an integer 
greater than one. 

9. A blocking tube oscillator as claimed in claim 
6 characterized in that means are provided for 
applying to a grid-cathode circuit of Said OScil 
lator regularly recurring Woltage pulses Whose 
repetition frequency is substantially equal to the 
frequency at which said oscillator is desired to 
operate, whereby said oscillator is Synchronized 
in frequency and in phase with said regularly re 
curring pulses. 

10. A blocking tube Oscillator as claimed in 
claim 1, characterized in that Said Second Vacuuin 
tube has also a grid electrode and in that Said 
grid electrode is connected effectively to the low 
potential end of said cathode load resistance of 
said second tube. 

LINCOLN. W. HERSHINGER. 
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