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‘T'hls invention relates to an improved signal-

ing system and in particular to an- oscillation .

generator - having a push-pull piezo- electrm
crystal circuit arrangement.

-"An object of this invention is to improve the
operation of a crystal controlled push-pull oscil-
lator having both a tuned grid and a tuned plate

" eircuit.

-Another object of this invention is to prov1de

an-improved oscillator circuit which will be ar-
-ranged so that it would be difficult for the oscil-
lator to oscillate at any frequency  except that
of the one desired frequency of the crystal for
the reason that the crystal acts as a very narrow
band pass filter.

A feature of this mventmn is that of a simple
inductive coupling method wherein the crystal is
connected in series with the grids of the:tubes
thus providing oscillator circuits such that if.the

-electrodes of the crystal are short circuited,
oscillations will occur if the grid and anode tank
-circuits have the same or approximately the same
resonant frequency when proper potentials are
applied to the circuits. °

The piezo-electric crystal in this invention
acts.as a very narrow band pass filter which holds
the oscillations to substantially one frequency as
determined by the characteristics of the crystal.
The piezo-electric properties of crystals used for

frequency control are well understood in the prior :

art and need not be described here. Also if is
known how oscillations start and build up in an
- oscillator circuit. - In this invention the crystal is
placed in the oscillator circuit where it can most
effectively control the oscillation frequency.
This invention will best be understood by ref-
- erence to the accompanying drawing in which

Fig. 1 is a circuit diagram of a push-pull oscil-

lator of this invention,

Fig. 2 is a modification of the circuit. shown
in Fig. 1.

- Referring now in detail to Fig. 1 of the draw-
mg, there is shown the tuned grid circuit which
includes a pair of electron discharge tubes { and

. 2, each one of which has their input grids 3 and
4 connected to the outer ends of inductance coil
5 which has a midpoint connection 6. Also con-
nected to input grids 3 and 4 are variable con-
densers 8 and 9 which may be simultaneously
varied as indicated at 10. Connected in series
between variable condensers 8 and 9 is a piezo-
electric crystal 11 having electrodes 12 and 3.
A resistance (4 is connected across the crystal
- electrodes 12 and 18 to prevent the circuit from
oscillating when the crystal is not oscillating.

By this arrangement it will be seen that the
crystal is connected in series and between the
grid tank condensers 8 and 9 which provides the
tuning of the grid circuit. The tuned plate cir-
cuit includes an inductance {5, the outer ends .
of which are connected to the output anode elec-
trodes #6 and 1T of the electron discharge tubes
t and 2. Inductance I5 is provided with a mid-

_ point. connection 18 which is maintained at a
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‘positive anode potential from any suitable D. C.

source indicated at 19. There is connected in
parallel with inductance 15 two variable con-
densers 20 and 21 which are simultaneously
varied by suitable means indicated at 22. The
screen grids 23 and 24 of electron discharge tubes
{ and 2 are connected together and maintained
at a suitable positive potential by being -con-
nected to a ‘D.-C. source 25. 'The cathodes 26
and 27 -of tubes 1 and 2 are maintained at the
proper operating potential by being connected

"to a source of potential 28. A bypass condenser

29 is connected from one of the cathode leads
to the connection between the screen grids 23
and 24. Since the electron discharge tubes

o5 shown  include screen grids, feedback energy

from the plate tank inductance coil 15 is obtained
by means of coupling- coils' 30-and 31. Also, if

it is ‘desired to use three-element tubes in this

circuit, neutralization can be . obtained by pro-
viding suitable regeneration condensers. In the

operation of this circuit there will be substan-

tially no oscillations which can be built up in the

-grid tank circuit unless the frequency is such

that it can pass through the crystal. With this
improved circuit, it will be seen that it is diffi~
cult for the circuit to oscillate at any other fre-
quency except that of the one desired frequency,
and, therefore, the system as shown by Fig. 1 will

“result in an improved push-pull arrangement of
40

a erystal oscillator or oscillation generator which

-1s useful in a radio frequency signaling system.
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+"The modification shown by Fig, 2 is some-
what similar to the circuit shown by Fig. 1 ex-
cept that the crystal {1 is connected in series
between the two feedback coupling coils 33 and

.34 which are coupled to the grid tank inductance

coil 15. A resistor 35 is placed in parallel with
coupling coils 33 and 34 and crystal {1 to make
it more difficult for the crystal to oscillate at
any frequency different from that of the desired
frequency. In the operation of this improved
circuit substantially no coupling can be obtained
between the anode and the grid tank circuits
except at the desired frequency which will pass
through the crystal so that oscillations can occur
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only at crystal frequency. Also in this circuib
three-element tubes may be used by providing
neutralizing condensers to neutralize the plate
and grid capacities. Also, if desired, conductive
coupling may be employed in place of the cou-
pling coil 31.

While we have indicated and described a sys-
tem for carrying our invention into effect, it will
be apparent to one skilled in the art that our
invention is by no means limited to the particu-
lar organization shown and described, but that
many modifications may be made without de-
parting from the scope of our invention, as set
forth in the appended claims.

What we claim is:

1. An oscillation generator comprising a pair
of electron discharge devices connected in push-
pull relationship, each electron discharge device
having at least a control grid, an anode and &
cathode, a tuned grid circuit, a tuned plate circuit,
an inductive coupling means between said tuned
grid and tuned plate circuit, a piezo-electric
crystal, said tuned grid circuit including two im-
pedance devices, different impedance device heing
connected between each one of the grids of said
electron discharge devices and opposite terminals
of said piezo-electric crystal, so that the crystal
will act as a very narrow band pass filter and
thereby hold the generator oscillations to sub-

stantially one frequency as determined by the 3

characteristics of said crystal.

2. An oscillation generator comprising & pair
of electron discharge devices connected in push-
pull relationship, each electron discharge device
having at least a control grid, an anode and a
cathode, a tuned grid circuit, a tuned plate cir-
cuit, an inductive coupling means between said
tuned grid and tuned plate circuit, a piezo-elec~
tric crystal, said tuned grid circuit including two
impedance devices, different impedance device
being connected between each one of the grids
of said electron discharge devices, and opposite
terminals of said piezo-electric crystal, and a re-
sistance device connected in parallel with said

crystal whereby the desired generator frequency

is maintained at substantially one frequency by
the crystal acting as a very narrow band pass fil-
ter and to prevent the generator from oscillat-
ing at any undesired frequencies.

3. A push-pull oscillator comprising a pair of
electron discharge devices each having a control
grid, a screen grid, a cathode and an anocde, &
funed grid circuit, a tuned plate circuit, an in-
ductive coupling means between said tuned grid

and said tuned plate circuit, the screen grids of &:

each electron discharge device being connected
together and to & source of positive -potential,-a
piezo-electric crystal having an electrode located
at each side thereof, said tuned grid circult in-
cluding two condensers, each one of said con-
densers being connected to each one of the grids
of said electron -discharge devices and .in series
between said grids and each one of said elec-
trodes of said piezo-electric crystal so that the

oscillating grid circuit current passes through ¢

said crystal to prevent the circuit from oscillat-
ing at frequencies other than the desired fun-
damental crystal frequency.

4. A push-pull oscillator comprising a pair of
electron discharge devices each having a control
grid, a screen grid, a cathode and an anode, a
tuned grid circuit, a tuned plate circuit, an in-
ductive coupling means between said tuned grid
and said tuned plate circuit, the screen grids of

each electron discharge device being connected. !
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together and to a source of positive potential, a
piezo-electric crystal having an electrode located
at each side thereof, said tuned grid circuif in-
cluding two condensers, each one of said con-
densers heing connected to each one of the grids
of said electron discharge devices and in series
between said grids and each one of said electrodes
of said piezo-electric crystal, and a resistance
connected in parallel with said crystal electrodes
so that the oscillating grid circuit current passes

" only the desired fundamental frequency through

said crystal to prevent the circuit from oscillat-
ing at undesired frequencies.

5. A push-pull oscillator comprising a pair of
electron discharge devices each having a control
grid, a screen grid, a cathode and an anode, a
tuned grid circuit, a tuned plate circuit, an in-
ductive coupling means between said tuned grid
and said tuned plate circuit, the screen grids of
each electron discharge device being connected
together and to a source of positive potential, a
piezo-electric crystal having an electrode located
at each side thereof, said tuned grid circuit in-
cluding two variable condensers, each one of sald
condensers being connected to each one of the
erids of said electron discharge devices and in
series between said grids and each one of said
electrodes of said piezo-electric crystal so that
the oscillating grid circuit current passes through
said crystal to prevent the circuit from oscillat-
ing at frequencies other than the desired funda-
mental frequency.

6. A push-pull oscillator comprising a pair of
electron discharge devices each having a control
grid, a screen grid, a cathode and an anode, a
funed grid circuit, a tuned plate circuif, an in-
ductive coupling means between said tuned grid
and said tuned plate circuit, the screen grids of
each electron discharge device being connected
together and to a source of positive potential, a
piezo-electric crystal having an electrode located
at each side thereof, said tuned grid circuit in-
cluding two variable condensers, each one of said
condensers being connected to each one of the
grids of said electron discharge devices and in
series between said grids and each .one of said

“electrodes of said piezo-electric crystal, and a re-

sistance connected in parallel with the electrodes
of said crystal so that the oscillating grid circuit
current passes only the desired fundamental fre-
quency through sald crystal to prevent the cir-
cuit from oscillating at undesired frequencies.

7. In a signaling system including a push-pull
oscillator comprising a pair of electron discharge
devices each having at least an anode, a grid, a
screen grid and cathode electrodes, a tuned grid
circuit including an inductance having its outer
ends connected to the grids of said electron dis-
charge devices, a tuned plate circuit-ineluding an
inductance having -its outer ends connected to
the anodes of said electron discharge devices, a
midpoint tap connected to the inductance coils
of both said grid and plate circuits, the screen
grids of .each electron discharge device being con-
nected together and fo a source of posiiive po-
tential, a coupling coil coupled to each half of
said inductance coil which is connected to said
grig circuit, a piezo-electric crystal having its
electrodes connected in series between the induct-
ance coils which are coupled to said tuned grid
circuit, and the third inductance coil connected
in series between the first and second mentioned
coupling coils and inductively coupled to a por-
tion of said tuned plate circuit, the arrangement
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being such that the crystal will not oscillate at
any undesired frequency. )

8. In a sighaling system including a push-pull .

oscillator comprising a pair of electron discharge
devices each having at least an anode, a grid, a
screen grid, and cathode electrodes, a tuned grid
circuit including an inductance having ifs outer
ends connected to the grids of said electron dis-
charge devices, a tunad plate circuit including an
inductance having ‘its outer ends connected to
the anodes of said electron discharge devices, a
mid-peint tap connected to the inductance coils
of both said grid and plate circuits, the screen
grids of each electron discharge device being con-
nected together angd to a source of positive po-
tential, a couping coil coupled to each half of
said inductance coil which is connected to said
grid circuit, a piezo-electric crystal having its
electrodes connected in series between the induct-
ance coils which are coupled to said tuned grid
circuit, and the third inductance coil connected
in series between the first and second mentioned
coupling coils and inductively coupled to a por-
tion of said tuned plate circuit, a resistor con-
nected in parallel between the first and second
mentioned coupling coils, the arrangement being
such that the crystal will not oscillate at any
undesired frequency.

9. An oscillation generator comprising a pair
of electron discharge devices, each having an an-
ode, a cathode and a grid, a tuned circuit con-
‘nected between the anodes of said electron dis-
charge devices, said circuit including an induct-
ance coil, a feed-back path for feeding waves
from said tuned circuit in opposition to the grids
of said electron discharge devices, said feed-back
path being provided with a coil which is induc-
tively coupled to the coil of said tuned circuit, a
crystal connected between points of opposite in-
stantaneous polarity ian said feed-back path, a
resistance connected in shunt to said crystal,
said resistance being so dimensioned as to pre-
vent the generation of oscillations when the crys-
tal is removed from the circuit.

10. An oscillation generator comprising a pair
of electron discharge devices, each having an an-
ode, a cathode and a grid, a tuned circuit con-
nected between the anodes of said electron dis-
charge devices, said circuit including an induct-
ance coil, a feed-back path for feeding waves
from said tuned circuit in opposition to the grids
of said electron discharge devices, said feed-back
path being provided with a coil which is induc-
tively coupled to the coil of said tuned circuit, a
crystal connected between points of opposite in-
stantaneous polarity in said feed-back path, a
resistance path connected across the electrodes of
said crystal to prevent the circuit from osillat-
ing when the crystal is not oscillating.
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11, An oscillator comprising an electron dis-
charge device having a contrcl grid, a screen
grid, a cathode and an anode, a tuned grid cir-
cuit, a tuned plate circuit, an inductive coupling
means between said tuned grid and said tuned
plate circuit, the screen grid of said electron dis-
charge device being connected to a source of pos-
itive potential, a piezo-electric crystal having an
electrode located at each side thereof, said tuned
grid circuit including a condenser which is con-
nected to the grid of said electron discharge de-
vice and in series between said grids and each
one of said electrodes of said piezo-electric crys-
tal so that the. oscillating grid circuit ecurrent
passes through said crystal to prevent the cir-
cuit from  oscillating at frequencies other than
the desired fundamental crystal frequency.

12. An oscillator comprising an electron dis-
charge device having a control grid, a screen grid,
a cathode and an anode, a tuned grid circuit, a
tuned plate circuit, an inductive coupling ineans
between said tuned grid and said tuned plate cir-
cuit, the screen grid of said electron discharge
device being connected to a source of positive
potential, a piezo-electric crystal having an elec-
trode located at each side thereof, said tuned grid
circuit including a condenser which is connected
to the grid of said electron discharge device and
in series between said grids and each one of said
electrodes of said piezo-electric crystal, and a re-
sistance connected in parallel with said crystal
electrodes so that the oscillating grid circuit cur-
rent passes only the desired fundamental fre-
quency through said crystal to prevent the cir-
cuit from oscillating at undesired frequencies.

13. An oscillation generator comprising an
electron discharge device, having an anocde, a
cathode and g grid, .a tuned circuit connected to
the anode of said electron discharge device, said
circuit including an inductance coil, a feed-back
path for feeding waves from said tuned circuit
to the grid of said electron discharge device, said
feed-back path being provided with a coil which
is induectively coupled to the coil of said tuned
circuit, a piezo-electric crystal having an elec-

" trode located each side thereof, said crystal having

50

said electrodes connected to the coil in said feed-
back path, a condenser connected between said
coil in the feed-back path and at least one elec-
trode of said crystal, a resistance having its ter-
minals conductively connected to the electrodes

. of said crystal, said resistance being so dimen-
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sioned as to prevent the generation of oscillations
when the crystal is removed from the circuit and
means for coupling said crystal to said grid.

GEORGE USSELMAN.
CLARENCE W. HANSELL.



