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This invention relates to electrical oscillation
generators of the multi-vibrator type. The prin-
cipal object of my present invention is to provide
improved circuits of the multi-electrode relaxa-

5 -tion oscillator type wherein the frequency of
oscillation is maintained constant by the use of
an electromechanical vibrator preferably in the
form of a piezo-electric crystal.

Briefly, my invention contemplates the use of
a multi-electrode tube whose electrodes are so
interconnected by means of resistors and con-
densers as to.set up relaxation oscillations. It
further contemplates the interconnection of a
piezo-electric crystal in such a way with the cir-
cuits and elements of the oscillation generator
as to maintain the relaxation oscillations constant
in frequency.

My invention is defined with particularity in
. the appended claims. However, it may best be
20 understood both as to its structural organization

and mode of operation by referring to the accom-
panying drawing wherein

Figure 1 illustrates one form of my improved

. crystal controllied relaxation oscillation generator
wherein a frequency stabilizing crystal is con-
nected to a resistance connected between the
outer grid and cathode of a multi-electrode re-
laxation oscillation generator; :

Figure 2 is an arrangement similar to Figure 1
wherein the stabilizing crystal is connected to a

10

1

L5

resistance connected between the inner grid and

cathode of 'a multi-electrode relaxation oscilla-
tion generator; i
Figure '3 ‘illustrates a further modification
wherein a piezo-electric crystal is connected be-
tween the inner .grid and cathode .of a multi-
electrode relaxation oscillation generator;
Figure 4 illustrates still another modification
- wherein the frequency stabilizing crystal is con-
nected between the cathode and plate of a multi-
electrode relaxation oscillation generator; snd,
" Figure 5 illustrates still another modification
of my present invention utilizing a multi-electrode
tube having a space charge grid.

Referring to Figure 1, an electron discharge
device 2 preferably in the form of a vacuum- tube,
is provided with a filament F, an’ inner grid IG,
an outer grid‘OG and a plate P." A source of
potential S is tsed to supply plate potential and
the filament is energized®by means of another
source of potential in the form of a battery B.
Resistors R and r are connected respectively be-
tween the outer grid OG and the filament or cath-
ode F and between the plate P and inner grid 1G.
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A condenser C is connected between the outer
grid OG and the inner grid IG.

As so far described; relaxation oscillations will
be set up. - In other words, there will oceur aperi-
odic pulses of potential in cyclic order causing 5
an output which is very rich in harmonics and
incidentally quite unstable in frequency.

To explain the operation in greater detail, and
as illustrated in the circuit of Figure 1, but with-
out the crystal, oscillations are generated con- 10
tinuously on saturation current within the tube,
the saturation current being considered the sum
of the plate, outer grid, and inner grid currents.
An increase in plate current causes a decrease in
inner grid current, and vice versa. With no cur- 15
rent flowing through R, the outer grid is at the
same potential as the cathode. Suppose now that
in some manner g positive potential is put on the
inner grid. The condenser current through R,
resulting from the potential across C, increases gq
the potential of the outer grid. The correspond-
ing increase in plate current is accompanied by
a decrease in the inner grid current, which still
further increases the potential on the inner grid,
due to the current through r. More current from o5
the increased charge on C operates to still fur-
ther reduce the inner grid current. The charging
current through R causes a very high potential
on the outer grid. ‘As the condenser becomes
charged and the current through R decreases, the 30
outer grid potential decreases, approaching the
potential of the cathode. When the outer grid
potential reaches the value at which the plate
current is reduced, the inner grid current begins
to increase. The inner grid potential is decreased 35
and current from C begins to flow through R in
the opposite direction. The potential of the outer
grid goes negative causing a further reduction in
the inner grid potential. The high negative po-
tential on-the outer grid will decrease as the dis- 4¢
charge current from C decreases. When the outer
grid potential reaches the valtie at which plate
current beings to flow, the inner grid current is
decreased. - The outer grid potential will increase
as.explained before. The complete cycle of events, 45
causing the condenser to charge first in one
direction and then in the other, will continue as
long as energy is supplied to the system from
the battery sources which of course may be re-
placed by rectifiers or generators. The frequency 50
of the oscillations can be controlled by varying
the values of either the condenser or the resistors,
or both.

In the preferred form of my invention, the
circuit such as that shown in Figure 1 is adjusted 55
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_other electrodes are connected as before

2

so that the frequency of oscillation is the same
or very nearly the same as the resonant or
natural frequency of the piezo-electric quartz
erystal QC. By connecting the quartz crystal QC
across the resistor R as shown in Figure 1, an
alternating voltage corresponding to the poten-

" tial across R is applied to the crystal electrodes.

Consequently the crystal is set into vibration, and
due to piezo-electric action, applies a voltage to
the outer grid which is very nearly in phase with

the potential variations across the resistor R. .
I have found that the frequency of oscillation of.

the relaxation oscillator is readily 1nﬂuenced by

the small voltage applied by the crystal as a re-

sult of which the system is locked into step with
the crystal frequency and consequently the fre-
quency of oscillation generated thereby is ex-
ceedingly constant.

In the arrangement shown in Figure 2 the‘

crystal is connected across the resistor 7, fre-
quency stabilizing action bemg as beforg. In Fig-

ure 3, the crystal is connected | between the inner.

grid and the ﬁlame AN whereby potent1a1 va,rla-

tions of the inner. gnd ar apphed to the crystal;

electrodes In Figure 4 the crystal or. frequency
controlhng element or. electromechanlcal v1bra-
tor is connected between the plate and ﬁlament
or cathode as g result of wh1ch the. alternatmg
plate potentlal is a,pplled to the crystal )

Figure 5 111ustrates ‘a further modification
wherein the quartz crystal QC is connected across
the resistor r’ in turn con.nected between the
space charge gr1d TG and the cathode B The
If de-
sired, the tube 2 of Figure 5 may be, of the pen-
tode type in Wh1ch case I'G would be the usual
control grid, I& the screen grld and OG the sup-
pressor grid of the tube 2,

In any of the a.bove modifications, a small con-
denser SC may be connected across the piezo-
electric crystal electrodes for obtaining fine vari-
ations in frequency of vibration. Also, the vari-
ous cathodes need not be of-the D. c. energmed
type as illustrated, but may be of the indirectly
heated type wherein the heating element may be
supplied with alternating heating currents:
Moreover, although it is preferred that the cath-
ode be grounded, any other single one of the
electrodes of each modification may be grounded
as found desirable.

The constant frequency oscillations generated
by the various circuits may, of course, be used
in - frequency determination systems, for the
purpose of controlling the frequency of a radio
transmitter, or in a radio receiver of the super-
heterodyne type. - Also, it is to be borne in. mind
that while it is desirable to make the frequency
of relaxation oscillation equal -that of the piezo-
electric crystal, it will be found that the system
will work and maintain constant frequency oscil-
lation generation when the relaxation -circuits
comprising the condenser and resistances are so
adjusted as to produce relaxation oscillations at
some sub-multiple frequency of the piezo-electric
crystal. In other words, the crystal will oscil-
late at some harmonic of the relaxation oscilla-
tion frequency but despite that will maintain the
large valued relaxation oscillations of constant
frequency.

Having thus described my. invention, what I
claim -is:

1. Oscillatory apparatus comprising. g vacuum
tube having a cathode, an anode, a grid adjacent
the cathode, a grid.adjacent the anode, and a
grid intermediate said grids, a non-inductive cir-
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cuit connected between the grid adjacent said
cathode and said cathode, a resistor shunted by
a piezo-electric device constituting at least a por-
tion of said non-inductive ecircuit, a second re-
sistor connected between the grid adjacent said
anode and said cathode, a condenser connected
between the grid adjacent said anode and said
intermediate grid, a third resistor connected be-
tween said intermediate grid and said anode, and
a source of potential connected between said
anode and cathode.

2. A constant frequency relaxation oscillation
generator comprising an electron discharge de-
vice having an anode, a cathode, an inner grid
and an outer grid, a resistor connected between

,_,sald outer grid and said cathode, a polarizing

circuit connected between said cathode and said
anode, a non-inductive circuit including a second
resistor connected between said inner grid and
a point on said polarizing circuit, 2 condenser
connected between said outer grid and said inner

grid, and a plezo-electrlc crysta,l connected in

shunt w1th one of said res1stors the values of
said re51stors and condenser being so chosen that
relaxatmn osc111at10ns are produced at a fre-
quency substantlally equal to some sub- multiple
of a natural frequency of sa1d piezo-electric
crystal.

3. Apparatus as claimed in claim 2 wherein
said piezo- -electric crystal is connected across the
re51stor connected between said outer grid and
said cathode.

4. Apparatus as claimed in claim 2 wherein
said piezo-electric crystal is connected across the
res1stor connected between said inner grid and
a pomt on sa1d polarizing circuit.

5. In an oscillation generator of a multivi-
brator type, an electron discharge tube having a
cathode, an anode electrode and a plurality of
screen electrodes progresswely spaced between
said cathode and said anode’ electrode, a non-
inductive impedance c1rcu1t 1nterconnect1ng the
cathode and the screen electrode nearest the
anode a c1rcu1t 1nclud1ng a d1rect current source
mterconnectmg the cathode and the anode elec-
trode, a second non-inductive impedance circuit
1nterconnect1ng a point on the last named circuit
and the screen electrode nearest the cathode a,
capacltlve circuit 1nterconnect1ng two of said
screen electrodes, and means mcludlng a, piezo-
electnc device havmg at most two electrodes con-
nected one to the cathode and the other to one
of the other tube electrodes for stabilizing the
frequency of the oscillations generated.

6. An oscillation generator according to claim 5
and having the values of said impedance cir-
cuits and of said capacitive circuit so chosen as
to produce relaxation oscillations at a frequency
to which the working frequency of said piezo-
electric device is harmonically related.

7. In an oscillation generator of the multivi-
brator type, an electron discharge tube having a
cathode; an. anode electrode, and a plurality of
screen. electrodes progressively spaced between
said cathode and said anode electrode, a non-
inductive impedance circuit interconnecting the
cathode and the screen electrode nearest the
anode, a circuit including a direct current source
interconnecting the cathode and the anode elec-
trode, a second non-inductive impedance circuit
interconnecting a point on the last named circuit
and the screen electrode nearest the cathode,
a capacitive circuit interconnecting two of said
screen electrodes, and means including a piezo-
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nected one to a point in circuit with the eathode
and the other to one of the other tube electrodes,
for stabilizing the frequency of the oscillations
generated.

8. A constant frequency relaxation oscillation
generator comprising an electron discharge de-
vice having an anode, a cathode, an inner grid
and an outer grid, a resistor and a piezo-electric
device connected in parallel between said outer
grid and said cathode, a second resistor connected
between said inner grid and said anode, and a

3

capacitor connected between the two said grids.

9. A constant frequency relaxation oscillation
generator comprising an electron discharge de-
vice having an anode, a cathode, an inner grid
and an outer grid, a resistor connected between
said outer grid and said cathode, a second re-
sistor and a piezo-electric- device connected in
parallel between said inner grid and a point in
circuit between said cathode and anode, and a

capacitor connected between the two said grids. 19

ARTHUR M. BRAATEN.



