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1

This invention relates to improvements in high
frequency oscillators, and has special reference
to gaseous tube oscillators.

- One of the objects of this invention is to pro-

vide a stable high frequency oscillator, the fre-

quency and voltage output of which are constant
for wide variations in load impedance.

Another object of the invention is to provide
an oscillator with the characteristics mentioned
above which in addition is capable of being
“modulated by any alternating voltage. _

A feature of my invention is extreme simplicity
of construction. :

In prior art devices employing gaseous dis-
charge tubes, it has been customary to produce
oscillations therein which are evolved by loniza-
tion and deionization of the gas, the frequency
of the output of the tube being determined by a
tuned tank circuit connected to the output of
the tube or by the charging time of an external
condenser as in g relaxation oscillator. The upper
limit of frequency which can be produced by a
gaseous tube oscillator generally does not exceed
50 kilocycles as the ionization and deionization of
the gas is an off-on process which has a definite
minimum time limit and cannot be reduced be-
cause of the presence of stray electrons even dur-
ing the period of deionization.

I have found that the ionized gas in a discharge
tube normally oscillates within the tube at a
frequency between 500 and 1,500 kilocycles at
low orders of ionization, the frequency being de-
pendent on certain of the external circuit con-
stants. This effect is somewhat akin to the in-
herent oscillations in a resonating crystal but
with the added advantage of a much higher out-
put. I employ this effect to produce a novel high
frequency gaseous discharge oscillator which has
a selective frequency output of high magnitude
as will be disclosed hereinafter.

~ 'The novel features which I believe to be char-

acteristic of my invention are set forth in the
appended claims; the invention itself, however,
will best be understood by reference to the fol-
lowing description taken in connection with the
drawings in which I have indicated diagram-
matically several circuit organizations whereby
the various objects of my invention may be car-
ried into effect. In the drawings:

Figure 1 shows the basie circuit for producing
unmodulated high frequency alternating volt-
ages.

Figure 2 shows a meang for obtaining modula-
tion of the generated high frequency alternating
voltages by the application of a low frequency
modulating voltage.

Pigure 3 shows another circuit for obtaining
low frequency amplitude modulation of a high
frequency alternating voltage generated by a
gaseous tube oscillator, by applying in series with
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the anode voltage supply & low frequency modu-
lating voltage.

Figure 4 shows a special case of the ecircuit of
Figure 3 wherein the modulating voltage is sup-
blied by a second oscillator of the same type as
the high frequency oscillator.

Figure 5 shows the cireuit applied to a diode
type_: of gaseous discharge device.

Figure 6 is a graph showing the operation of
the basic circuit of Figure 1 using the type 6Q5
tube as a typical gaseous triode.

Referring now to the accompanying drawings

wherein like reference characters in the various
figures designate similar circuit elements, there
is shown in Figure 1 the basic circuit of my in-
vention intended to supply unmodulated high fre-
quency alternating voltages.
- Referring specifically to this figure, there is
shown a gaseous discharge device { containing a
cathode 2, a control electrode 38, and an anode 4.
There is also shown a resistance § for limiting
the current drawn by the control electrode 3, 8
second resistance 6 for limiting the anode cur-
rent, an inductance 7 for isolating the source of
potential 8 from the high frequency voltages and
an output circuit including a capacitance 9 in
series for isolating the load from the direct anode
potential. It should be noted that the inductance
1 and the condenser 9 perform no function to-
wards tuning the output of the gaseous discharge
device | as the initiation of oscillations ig in-
herent in the ionized gas within the device | and
the contro] of the frequency thereof is a function
of the resistance 5 as will appear hereinafter.

The operation of the circuit is as follows:

The value of the anode current limiting re--
sistance 6 is such that a small anode current is
permitted to flow. If relatively large anode cur-
rents are permitted to flow, the oscillations in the
ionized gas are thrown into erratic random cur~
rents at all frequencies thereby preventing oscil-
lation of the ionized gas at a single frequency
determined by the external control circuit and
the physical constants of the tube. The value of
this current for best operation is a function of
the type of gas tube used.

When the circuit is connected as shown in
Figure 1, a high frequency alternating voltage is
developed at the terminals marked output by
reason of the natural high frequency oscillations
occurring in the ionized gas of the tube. The
magnitude and frequency of this voltage is de-
termined by the choice of the value of the grid
current limiting resistance 5.

It has been found that the magnitude and fre-

‘quency of this voltage are substantially con-

stant for wide variations in load impedance.

__As a concrete example, consider the circuit of
Figure 1 applied to a type 6Q5, tube, one of the
types which readily lend themselves to use in
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this circuit. In this case, the value of anode
current for production of sustained oscillation
has been found to fall in the region between 3
and 30 milliamperes, with the greatest output
occurring at approximately 9.2 milliamperes. In
this example, the value of the anode current lim-
iting resistance is 10,000 ohms alkd the grid re-
sistance is a 500,000 ohm variable resistance, for
an anode supply voltage of 140 volts. e actual
results of operation of the circuit with this type
tube are shown in the graph, Fig. 6. Reference
to this graph will show the proper operating
points for amplitude and frequency modulation.

4

" from 3 to 30 milliamperes a second means in se-

10

The circuit arrangement of Fig. 2 shows & mod- -

ification of the arrangement of Fig. 1 designed
to produce modulated output voltage. By the
application of a low frequency alternating volt-
age to the terminals marked modulating voltage
any desired perentage of modulation may be ob-
tained.

The circuit of Fig. 3 shows means for mod-
ulating the output of the oscillator by the in-
sertion of a modulating voltage in series with
the anode supply voltage source.

The circuit arrangement of Fig. 4 shows an-
other embodiment wherein one tube aranged in
my basic circuit is used to modulate a second
tube similarly arranged but oscillating at a higher
frequency. Each oscillator operates in a manner
similar to that explained in connection with Fig.
1. The voltage appearing from anode to cath-
ode of the low frequency oscillator tube f is the
modulating voltage and corresponds to the volt-
age appearing across the output terminals of
Fig. 1. The voltage appearing from anode to
cathode of tube !’ is the useful output voltage
and is modulated at the frequency generated by

tube {.

Figure 5 shows & circuit very similar to Figure
1 except that the tube is a diode and no control
‘means other than anode current is provided.

While I have limited myself to description of
my invention in certain preferred embodiments,
I desire that it be understood that modifica-
' tions may be made and that no limitations are
intended. other than those imposed by the scope
of the appended claims. :

The invention described herein may be man-
ufactured and used by or for the Government
of the United States of America without the pay-
ment of any royalties thereon or therefor.

Having described my invention, I claim:

1. A generator of substantially sinusoidal high
frequency alternating voltage comprising a con-

‘tinuously conducting gaseous discharge device
having & cathode electrode and an anode elec-
trode, a direct current source across said elec-
trodes, and resistance means arranged between
said source and said anode electrode for limit-
ing the anode current to a value ranging from
' 3 to 30 milliamperes, and an output connection
between said cathode and anode electrodes,
whereby a high frequency alternating voltage Is
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. developed across the cathode electrode and the .

anode electrode of said discharge device without
the aid of any tuned tank circuit or external
condenser. .

2, A generator of substantially sinusoidal high
frequency alternating voltages comprising a con-
tinuously conducting gaseous discharge device
having & control grid and a cathode electrode
and an anode electrode, & direct current source
across sald electrodes, a first means arranged
between said source and said anode electrode for

- limiting the anode current to a value ranging
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ries with said first meaps, anode, electrode and
source for isolating the high frequency voltages
from said direct current source, sald second
means including an inductance connected to said
anode electrode, and & modulating voltage con-
nected to said control grid and cathode electrode,
whereby a modulated high frequency alternat-
ing voltage Is developed across the cathode elec-
trode and the anode electrode of said discharge
device without the aid of any tuned tank circuit
or external condenser.

3. A generator of substantially sinusoidal high
frequency alternating voltage without the aid of
a tank circuit or condenser, comprising a con-
tinuously conducting gaseous discharge device
having at least a cathode electrode and an anode
electrode, a source of potential across said cathode
and anode, & current limiting resistor between
said anode and said source of potential, means
for isolating the high frequency alternating volt-
age from the source of anode potential, -said
means including an inductance connected be-
tween the anode electrode and the source of
anode potential, whereby a high frequency alter-
nating voltage is developed between the cathode
electrode and the anode electrode of said dis-
charge device, and an output circuit connected
between said cathode electrode and said anode
electrode having in series a capacitor for isolat-
ing the direct anode potential from the load cir-
cuit.

4. A generator of sinusoidal high frequency
alternating voliage comprising a continuously
conducting gaseous discharge device having a
cathode, an anode and a control electrode, a di-
rect current potential across said cathode and
said anode with the positive terminal of the
potential connected to sald anode and the neg-
ative terminal connected to said cathode of the
discharge device, a current limiting resistance
in series with and between said anode and said
positive terminal and a variable resistance con-
nected between said anode and said control elec-
trode of the discharge device, and a modulat-
ing voltage connected to said control electrode
and cathode whereby a modulator high frequency
alternating voltage is generated across said anode
and cathode of the device without the aid of any
tuned tank circuit or external condenser.

5. A generator of sinusoidal high frequency
alternating voltages comprising a continuously
conducting gaseous discharge device having a
cathode, an anode and a control electrode, means
across said cathode and said control element for
applying a modulation signal across said cath-
ode and said control electrode, voltage and fre-
quency control means comprising a variable re-
sistance connected across the anode and said
control electrode, a source of potential across
said eathode and sald anode and means between
said anode and said source for limiting the anode
current of the discharge device, and an output
circuit across the anode and cathode whereby a
high frequency alternating voltage is generated
across said cathode and said anode.

6. A generator of modulated high frequency
alternating voltages without the aid of & tank
cireuit or condenser, comprising a continuously
conducting gaseous discharge device having a
cathode electrode and other electrodes, including
an anode and at least one control electrode, a
source of anode potential, a current limiting re-
sistance, a connection between the positive ter-
minal of the source of anode potential and one
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end of said current limiting resistance, a con-
nection between the other end of said resistance
and the anode of the discharge device, a con-
nection between the negsative terminal of the
source of anode potential and the cathode of the
discharge device, a source of low frequency al-
ternating voltage connected in series with the
anode supply circuit, & variable resistance con-
nected between the anode and the control elec-
trode of the discharge device, whereby a mod-
ulated high frequency alternating voltage is gen-
erated between the cathode and the anode of
the discharge device, and an output circuit con-
nected between said anode and cathode.

7. A generator for producing modulated high
irequency alternating voltages without the aid
of & tank circuit or condenser, comprising a
first continuously conducting gaseous discharge
device having at least a cathode, control elec-
trode and anode, a second continuously conduct-
ing gaseous discharge device having at least a
cathode, control electrode and anode, a source
of anode potential, a current limiting resistance

connected between the positive terminal of the

source of potential and the anode of the first
discharge device, a connection between the cath-
ode of the first discharge device and the anode
of the second discharge device, & connection be-
tween the cathode of the second discharge device
and the negative terminal of the source of anode
potential, variable resistances connected between
the confrol electrode of each,discharge device
and the associated anode, whereby & high fre-
quency alternating voltage, modulated at a low
frequency, is generated between the cathode and
the anode of the second discharge deviece, and an
output circuit connected between the anode and
cathode of the second discharge device.

8. A generator of alternating voltages com-
prising s continuously conduecting gaseous dis-
charge device having a cathode, an anode and
& control electrode, a source of potential across
said cathode and sald sanode, means between
said anode and said source for limiting and con-
trolling the anode current, and means across
sald anode and sald control electrode for con-
trolling the current drawn by the control elec-
trode, sald last mentioned means including a
limiting resistance connected between said con-
trol electrode and the anode of the discharge
device for determining the frequency of the al-
ternating voltage.

9. An electronic device for generating sinusoi-
del high frequency alternating voltages without
the ald of & tank circuit or condenser, compris-
ing a continuously conducting gaseous discharge
device having a cathode electrode and other
electrodes including an anode and at least one
control electrode, a source of anode potential
having positive and negative terminals, a current
limiting resistance connected between the anode
of the discharge device and the positive ter-
minal of the source of potential, & connection
between the negative terminsi of the source of
potential and the cathode of the discharge de-
vice, a connection between the anode of the dis-
charge device and one end of & varlable resist-
ance, a connection between the other end of sald
variable resistance and the primary control elec-
trode of the discharge device, whereby & high fre-
quency alternating voltage is generated between
the anode and the cathode of the device, and an
output circuit connected between said anode and
sald cathode including a capacitor isolating the
&lrrect potential of the anode from said ¢utput

cult.
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10. A generator of sinusoidal high frequency
alternating voltages comprising a continuously
conducting gaseous discharge device having a
cathode electrode and other electrodes including
an anode and at least one control electrode, a
source of anode potential, & current limiting re-
sistance, one end of which is connected to the
positive terminal of the source of potential, an
inductance connected between the other end of
the current limiting resistance and the anode
of the discharge device, a connection between
the negative terminal of the source of potential
and the cathode of the discharge device, & con-
nection between the anode of the discharge de-
vice and one end of a variable resistance, a con-
nection between the other end of said variable
resistance and the primary control electrode of
the discharge device, mean for inserting a mod-
ulating voltage, and an output circuit whereby
a high frequency alternating voltage is gener-
ated between the anode and the cathode of the
device,

11. An electronic device for generating alter-
nating voltages without the aid of a tank cir-
cuit or condenser, comprising a continuously
conducting gaseous discharge device having elec~
trodes including at least a cathode and anode,
a source of anode potential, a current limiting

_resistor between said anode and said source of

potential, and an output circuit connected be-
tween anode and cathode, said output circuit in-
cluding a capacitor in series with the output
lead connected to the anode.

i2. An electronic device for generating alter
nating voltages without the ald of a tank cir-
cuit or condenser comprising & continuously con-
ducting gaseous discharge device, said dischargs
device having at least a cathode and anode, &
source of potential across said cathode and anode,
a current limiting resistor between sald anode
and said source of potential, and an output cir-
cuit connected between said anode and cathode.

13. An electronic device for generating alter-
nating voltages without the aid of a tank eircuit
or external condenser comprising a continuously

_conducting gaseous discharge device in which

the ionized gas oscillates within the discharge
device at low orders of ionization, said discharge
device having at least an anode and cathode, a
source of potential across said anode and cathode,
a current limiting resistor between sald anode
and said source of potential, and an cutput eir-
cuit connected between said anode and eathode.
THOMAS E. FATRBAIRN.
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