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This invention relates to low frequency oscilla-

tion generators and particularly to a circuit ar-

rangement for. stabilizing the frequency of -oscil-
lations generated by a.mechanical vibrator.

A-primary object of the present invention.is:to-

provide a source of. oscillations of constant. fre-
quency and constant amplitude.

Another ohject is to provide such a source which
is particularly adapted for use in the audio fre-
guency range below ten thousand.cycles.

A further object is to provide a system for gen-
erating oscillations ‘of constant frequency and
constant amplitude which is compact and sub-
stantially unaffected by temperature changes.

A further object is to provide a: low frequency
electrical.source of:constant:frequency: and:con-
stant amplitude of output which may.be operated

from the standard power supply systems:regard-.

less.of the usual fluctuations:in -voltage.encoun-
tered in such-a system.

A still further- object.of our invention is to pro-
vide a low frequency. oscillation generator with
means including limiters whereby the driving po-

tentials. applied for. vibrating a tuning fork.shall-

be maintained substantially constant.

Heretofore. tuning forks have been.operated:in.

circuits. which fed.a sine:wave into the-drive coil.
This requires Class A operation of all ecircuits
between the pick-up and drive coils-of the:fork:

Replacing tubes is likely. to alter; to some extent,.
the.gain in this circuit. . As a result, more or less.

drive will be supplied:to the fork and its-ampli-
tude of oscillations increased or decreased accord-
ingly. Besides the change in, output voltage. re-
sulting from the new value of drive; the frequency
of the fork oscillations.will be-altered somewhat.

As o means-of-overcoming-these disadvantages;
various limiters and pulse drive circuits have been

developed: - A feature of our invention.resides in-

the means relating:to the pulse drive cireuit.

Our invention will now be: described: in. more-

detail, reference being made o the accompany-
ing drawing, the sole figure-of, which represents
diagrammatically a preferred embodiment:
Referring: to the drawing, we:show: a. tuning
fork | having a drive:coil 2 and- & pick-up -coil: 3;
The vibration: frequency-of: the-tuning. fork- may

be whatever is desired: One: terminal;of each-of.
the coils 2 and-3 is-grounded-and- preferably.the.

tuning fork -itself: is. grounded. . Capacitor 4 in

combination. with.the .inductance of: coil: 3. forms.

a tank circuit.in. which A. C. petentials are.gen-

erated: These potentials-are applied to the.con-.
trol.grid-in a triode-discharge tube 8:which oper-.
ates as an. amplifier. The.cathode of. tube 5. is.
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nately. charge and:discharge capagitor-(T:

2 .
connected to ground through a:.cathode resistor. 6.
The output circuit.of tube §includesa capacitor:
T:and:a: potentiometer: 8 on which is a.tap 9 for
taking: off output potentials to be-applied to-the
control .grid-of :an .amplifier tube 10. Operating
potential for-the:tube. 5 as well:as: for: other dis-
chiarge tubes:10; I1; and 12:may.be derived. from. -
any.isuitable. direct. current: source: (not:shown),:
thie: positive. terminal- of which is merely indi-
cated: as: +B. = The. negative: terminal of this
souree isito be.considered grounded. :
Discharge. tubes {1 and: (2 are arranged to be
operated: as limiter. tubes.. The control: grid in:
tube Il is connected to the junction.between
capacitor. T: and: potentiometer: 8 through & grid
resistor: 13, . Since anode potential is fed from the
positivesterminal of:the D. C. source to the.anode
ofitube 5:through.resistors: 14:and 15; it follows
that: a-potential drop in resistor:15 will vary with
thie phase of: the.oscillations- amplified by tube 5.
Resistor {4:and capacitor 31 in combination:serve
as-a high: impedanee to the flow.of A."C. energy
threugh-the. D C. source:. Theoscillations in the:
output circuit-ofi tube.b:are, therefore, applied to
the-control grid intube.11. - When-this tube.1s nat:
biased to cut off, it is arranged to be conduetive:
and to have a grid-cafhode voltage which is
slightly positive. 'The output from tube 11 is,
therefore, one of which is substantially of square-
waye: formation., C L
The: circuit of: tube: 11, includes. a- cathode. re=.
sistor: 16-connecting the cathode to-ground. . Opr:
erating potential is-applied-to the anode from:the-
D. C. source through anode resistor-19. o
Tt was- stated.above-that: discharge tube- 12 as-
well as. discharge tube 1. are-operated.as limiter:
tubes. 'That is to say, when either of these tubes:
is. rendered conductive;. it becomes.fully conduc-
tive, i. e., its grid-cathode-voltage. is-slightly posi- -
tive. The-control potentials applied to-the.grids

these tubes on-the negative portion-of-the: cycle.
Accordingly, tube 12-is arranged to.be controlled

by: output . petentials:from. tube f I. which alter-..
The.

potential drop in.the, grid:resistor -18:is-comple:
mentary. to, that in.the -anode.resistor-{9; ,
varies with the charge-on capacitor 1., The-con-
trol.grid in.tube-12 is.connected through a.re-:
sistor. 20 tothe, junction between; capacitor. 41:

. andresistor:18, :
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The cathode of tube- 12, is: directly grounded, -
Its.anode is.connected: to the.positive terminal-of:
the D. C. source through a;resistor: 2{;- The ter-
minal.of resistor:2{,adjacent.the .anode-in;tube:
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-12is also connected to one terminal of a coupling
capacitor 22, The other terminal of capacitor 22
is connected to the cathode 24 in one section of
2 twin diode tube 23 and also the anode 25 in the
other section of this tube. The anode 26 in the
Ieft hand section of tube 23 is connected to ground
through the winding of the tuning fork driving
coil 2, The cathode 27 in the right hand section
of tube 23 is directly grounded. :

The amplifier tube 10 is used to deliver output
energy of substantially pure sine wave character-
istic to a utilization device. The cathode of tube
10 is connected to ground through a cathode re-
sistor 28. This resistor is shunted by a capacitor
29. The output circuit of tube 16 includes the
primary winding of a transformer 30; this winding
being connected to the positive terminal of the
D. C. source. The secondary winding of trans-
former 30 delivers the output to any desired uti-
lization device.

‘In the operation of our invention, it will be
obsérved that the limiting action of tubes 11 and
12°is such that the output potentials delivered
across’ the capacitor 22 -are sharply defined.
When the anode current of tube 12 is cub off,
capacitor 22 charges to the value of the D. C.
source through resistor 21 and the space path
between electrodes 25 and 27 in the diode rectifier
tube. The time constant of this circuit is ad-
Jjusted to be short as compared with the period of
tuning fork {. ‘This is necessary in order to in-
sure that even in the steady state, capacitor 22
shall charge fully to --B potential while tube 12
is non-~-conductive.

When tube 12 is conductive, capacitor 22-dis-
charges through the parallel combination of re-
sistor 21-and the space path of tube 12 in series
with the space path between electrodes 24 and 26
of the rectifier tube 23 and the drive coil 2 of

fork 'I.” Thus one pulse is supplied to the. drive:

coil 2 for each cycle of the fork frequency.

‘It is important to note that the energy in the
driving pulse applied to the coil 2 is proportional
to' the supply voltage derived.from.the D. C.
source, the capacity of the capacitor 22, and the
ratio B :
o Ri
Ri+ Ry

where R is the resistance of resistor 24, and R is
the resistance of the space path in tube {2 in the
conducting state.
ent tubes of the same type at zero bias have been
found to be relatively small.- These variations
are, therefore, effectively rendered negligible if
the value of R: is chosen to be several times that
of Rp. :

The D, C. operating potential applied to the
tube 12 has been indicated as being the same as
that which is applied to tube (1. Tt is not essen-
tial, however, that the same voltages should be
used with respect to these two tubes.

It will be well understod by those skilled in the
art that the parameters of the circuit herein
shown and described may be adjusted so that the

amplitude of the driving potentials applied to the

Variations of R» with differ-:
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coil 2 may be set at an optimum value for avoid- -

apc’e_ of overdrive while maintaining the substan-
tial sin__e wave characteristic of output energy
© from'the pick-up coil 3. 'The sine wave shape ‘of
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the output is maintained in the amplifier tube 5. '

Accordingly, a substantially pure sine wave is
delivered through the potentiometer tap 9 to the
input circuit of tube 18. However, a portion of
: the output from tube 5 is also utilized in supply-
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ing the control potentials for the limiter tubes
whereby the feedback potential is obtained by
rectification in tube 23.

Various modifications of the circuit arrange-
ment herein shown and described may be made
without departing from the spirit and scope of .
the invention itself. .

We claim: : SRR ‘

1. In a low frequency oscillation generator
wherein the frequency is controlled by a me-
chanical vibrator, a system of electron discharge
devices including an amplifier stage, two limiter
stages and a full wave rectifier stage, magnetic
driving and pick-up means associated with said
vibrator; the input circuit of said amplifier stage
being subject to control by potentials induced in
said pick-up means, capacitors each intercoupling
the output and input circuits of successive stages,
resistive -impedances in circuit with each said
capacitor, one of said capacitors being connected
between the anode of the second limiter stage and
certain electrodes of said rectifier stage, this par-~
ticular ‘capacitor-ini combination with one of said
impedances forming & time constant circuit the
charging time of which is limited to a minor frac- .
tion of -a‘cycle of the oscillations to be generated,
and this capacitor being arranged to discharge
rapidly through a circuit which includes the space
path of said second limiter stage, one portion of
said rectifier-stage, and said magnetic: driving
means, and a circuit for feeding unilateral pulses
of the other polarity from the rectifier means to
ground. - - - - ' : .

2. The invention as claimed in claim ! and in-
cluding electronic. means for amplifying a com-
ponent of output energy derived from said ampli-
fier stage, thereby to obtain useful output energy
from said generator. S

3.-In a low frequency oscillation generator of
the type having a mechanical vibrator for con-
trolling the oscillation frequency, electromagnetic
means for exciting said vibrator, electromagnetic
means for deriving. output potentials from said
vibrator, a concatenated chain of electron tube
stages, the first stage having an input circuit
under control of said output potentials from the
vibrator, and two succeeding stages:being char-
acterized as limiter stages, a full wave rectifier
having its unidirectional paths oppositely faced
to receive and to block the half cycles of alter-
nating current potentials derived_from the sec-
ond of said limiter stages, a capacitor connected
on one side to the anode of the second said lim-
iter stage and on the other side to both unidirec- -
tional paths of said rectifier, said capacitor in
association with the impedance of its-discharging
circuits constituting means-for limiting the dura-
tion of each pulse which is applied to said elec-
tromagnetic exciting means to a fraction of one
of said half-cycles, and ground connections for
the output from each of said unidirectional paths,
one of said ground connections being arranged
to traverse the winding of said electromagnetic
exciting means.- ~ .

4. The invention as claimed in claim 3 and in-
cluding a_ potentiometer in the output circuit of
the first of said concatenated tube stages; and
means for deriving useful output energy from an
adjustable tap on said potentiometer,

5. An electronic oscillator in combination with
a resonator for maintaining constant the fre-
quency of the oscillations generated, said oscil~
lator comprising a plurality of electron discharge
devices ‘each having input and output electrodes
and connections to g source of direct current for
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ehergizing the same, means for deriving periodic
pulses from said resonator whereby one of said
discharge devices in a first stage is controlled,
means coupling the output of the first stage to a
second stage and thence to a third stage of said
discharge devices, means for so adjusting the
transconductance of the discharge devices of the
second and third stages that they function as lim-
iters, rectifying means receptive to the output of
the third stage for directing the energy pulses of
each polarity into a separate path, one of which
paths includes a device for exciting said reso-
nator, a capacitor intercoupling said third stage
and said rectifying means, said capacitor consti-
tuting means for limiting to a fraction of a half
cycle the duration of said energy pulses as applied
to the excitation of said resonator, and means
including an amplifier for deriving useful oscil-
latory energy of substantially pure sine wave
characteristic, the last said means being directly
coupled to the output circuit of said first stage.

6. Apparatus for stabilizing the amplitude and
frequency of vibration of a tuning fork compris-
ing an electronic circuit having an amplifier
stage, first and second limiter stages and a full
wave rectifier having two unilateral space paths,
said stages being concatenated in the order named
and said second limiter stage having an anode
circuit, a circuit including said rectifier and a
capacitor for supplying electro-mechanical exci-
tation to said tuning fork, said capacitor being
connected to charge through one unilateral space
path of said rectifier and to discharge through
the other unilateral space path thereof, and
means for limiting the discharge period of said
capacitor to a fractional part of a half cycle of
the tuning fork’s oscillation, said means includ-
ing an impedance in the anode circuit of the
second limiter stage.

7. An oscillation generator comprising a reso--

nant system, a vacuum tube having input and
output electrodes and said input electrode sub-
jected to voltages set up by said resonant system,
limiting apparatus coupled to the output elec-
trode of said tube and having anh output cireuit,
a condenser, a rectifier coupled to the output cir-
cuit of said limiting apparatus and connected to
said condenser to charge once during each cycle
of the wave output of said limiting apparatus, and
a further rectifier connected to said condenser
to discharge said condenser through said reso-
nant system once during each cycle of the wave
output of said limiting apparatus, the charging
and discharging times of said condenser being so
adjusted as to occupy periods which are substan-~
tially shorter than a half cycle of the resonant
frequency of said resonant system.

8. An oscillation generator comprising a reso-
nant system, a vacuum tube having a pair of its
electrodes subjected to voltages set up by said
resonant system, limiting apparatus coupled to
another pair of electrodes of said tube, a con-
denser, means including one unidirectional space
path in a twin diode discharge tube, said tube
being coupled to the output circuit of said limit-
ing apparatus whereby said condenser is fully
charged once during each cycle of the wave out-
put of said limiting apparatus, and circuit means
including the other unidirectional space path in
said diode discharge tube for discharging said
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condenser through said resonant system once dur-
ing each cycle of the wave output of said limiting
apparatus, the charging and discharging times
of said condenser being so adjusted as to occupy
periods which are substantially shorter than a
half cycle of the resonant frequency of said reso-
nant system.

9. An electromechanical resonant system in
combination with a vacuum discharge tube hav-
ing input and output electrodes, a circuit for sub-
jecting said input electrodes to voltages set up
by said resonant system, a limiter coupled to said
output electrodes, a condenser, a twin diode
rectifier having its cathode of one space path and
its anode of the other space path connected to one
side of said condenser, a circuit connection from
the other side of said condenser to the output side
of said limiter, and circuit components whereby
said condenser is caused to be fully charged once
during each cycle of the wave output from said
limiter, and is caused to be discharged through a
path which includes an element of said resonant
system, the values of said circuit components and
of said condenser being so chosen as to effect

5 charging and discharging times of the condenser

which are substantially less than half cycles of the
wave set up by said resonant system.

10. The combination according to claim 9
wherein said electromechanical resonant system
is constituted as a tuning fork having electro-
magnetic pick-up and driving coils.

11i. For use in supplying pulse excitation to a
tuning fork, an electronic circuit having an am-
plifier stage, two limiter stages, each said stage
having electrode elements, a capacitor and a full
wave rectifier having two space paths each pro-
vided with a cathode and an anode electrode, said
stages being concatenated and said capacitor be-
ing connected between the output circuit of the
second limiter stage and unlike electrodes of the
two space paths in said rectifier, means providing
electromechanical pick-up of energy from said
tuning fork for applying controlling voltage to
said amplifier stage, a discharge circuit con-
nected to said condenser and including electro-
mechanical means for applying energy to said
tuning fork, the space path of the second limiter
stage and one of said space paths of said recti-
fier and a power supply system connected through
impedances to the electrode elements of said
stages, said impedances being of predetermined
values such that excitation pulses in response
to said controlling voltage applied through said
one space path of said rectifier to said tuning
fork are limited in amplitude by the energy stored
in said capacitor, and in duration by the imped-
ance of said discharge circuit.

EUGENE R. SHENK.
ALFRED KAHN.
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