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. 3.Claims.

This invention relates to oscillation generators
and particularly to multivibrators. '

Tn accordance with conventional practice, mul-
tivibrators frequently are used to generate alter-
nating current waves which are rich in harmonics
of the fundamental frequency of oscillation. For
this reason this type of oscillator is preferred to
sinusoidal wave oscillation generators for numer-
ous uses. It ordinarily is easier to control the ire-
quency of a multivibrator from an external ex-
citing source than it ig to control similarly the
oscillation frequency of & sine wave oscillator.
Multivibrators also lend themselves readily for
frequency multiplication and division applica-
tions.

As is well known in the art however, a multi-
vibrator employs at.least two electronic elements.
The drain on an energy source for the supply of
space current thereto, therefore, is of considerable
magnitude. Furthermore, the output circuit en-
ergy ordinarily is derived from only one of the
electronic devices. Asa result, the increased cur-
rent supplied to the multivibrator is utilized at a
relatively low eficiency.

1t is an object of the present invention, there-
fore, to provide an improved multivibrator where-
in the number of circuit components required is
less than that previously needed and wherein the
space current drain on an energy source is ap-
preciably less than in devices of this character
known to the prior art.

In accordance with the invention there is pro-
vided a pair of vacuum tubes, each of which has a
space discharge path. A condenser is connected
to these tubes in stch a manner that it is charged
by the flow of current through one of the space
discharge paths and is discharged through the
other space discharge path. In addition, there
is provided means for rendering the space dis-
charge paths conducting and non-conducting in
alternation. By reason of this arrangement, the
major portion of the space current for the tube
employed to discharge the condenser is supplied
from the condenser.

For a better understanding of the invention,
together with other and further objects thereof,
reference is had to the following description taken
in connection with the accompanying drawing,
and its scope will be pointed out in the appended
claims.

The single figure of the drawing is a schematic
circuit diagram of a multivibrator embodying the
instant invention.

Having reference now to the drawing, there is
shown a pair. of vacuum tubes. { and 2, each.of
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which is provided.with an anode, a cathode and
a.control grid. If desired, the .two tubes may be
included in the same envelope, in which case the
double: triode. tube may be a 6SN7 type or its
equivalent.. A resistor 3.may be connected be-
tween the cathode-of the tube | and ground, al-
though this-resistor is not absolutely essential for
the operation of the device. Its primary func-
tion. is to limit additionally the magnitude of the
space- current supplied to. this. tube. An energy
storage . condenser. 4. is connected between the
cathode of the tube 9 and.ground: - A leak re-
sistor 5.for the storage “condenser is connected
between: the. cathode. electrode of the condenser
and the anode of the tube {.. This anode also is
conductively- connected to the. grid of the tube 2.
The anode of tube.2 is, coupled to.the grid of tube
{ by a coupling condenser. 6. A leak resistor T
for this-condenser. is connected between the grid
electrode thereof:and. ground. Space current for
the multivibrator is derived from g source of uni-
directional energy, such as a battery 8. The nega-
tive terminal of this battery is. connected to
ground and the positive terminal thereof is con-
nected. through a current limiting resistor 9 to
the.anode of tube 2.

The output energy. of the.device is derived from
the anode of tube 2. The output circuit of the
tube 2 is:coupled by means of a condenser il to
any:desired utilization circuit 12.

A.source of frequency. control impulses 3. is
coupled by a condenser {4 .to.the ancde of tube 2.
This facility is provided to .control the frequency
of the energy developed by the multivibrator in
the desired manner.

Referring now to the operation of the multi-
vibrator, assume. that it is operating in a free
running . manner, not subject to external fre-
quency control. Assume the cycle of operation to
start at the instant that the tube 2 i rendered
conducting. Characteristically of multivibrators,
the tube | at this instant ig rendered non-con-
ducting in & manner to be described presently.
At this same instant space- current, therefore,
flows from the battery € through the space dis-
charge path of the tube-2 and the storage con-
denser 4. In this manner the storage condenser
becomes charged so that its cathode connected
electrode: is raised to a substantial positive po-
tential with respect to ground.

Just prior-to the instant assumed as the start~
ing point:of the cycle of operation, the coupling
condenser- 6 isicharged to.an appreciable positive
potential by.reason of its .connection to the anode
of the tube 2, which during-the: non-conducting
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state of this tube is at its maximum bositive po-
tential. As the conduction of space current in
the tube 2 increases, the anode voltage of  this
tube becomes less positive, The result is that the
coupling condenser § becomesg negatively charged
and thereby- depresses the grid voltage of the
tube  below the space current.cutoff value there-
of. Consequéntly, the conduction of Space cur-
rent in this tube is interrupted ag abruptly as
space current conduction in the tube 2 is initiated.

While the tube 2 is conducting to charge the
storage condenser 4, the negative charge on the
coupling condenser 6 is dissipated through the
resistor 71,
control grid of tube gradually approaches the
cutoff value which, when reached, initiates the
conduction of space current ‘again in this tube,
At the very beginning of the space current flow
in tube 1, the current is derived from the battery
8 which flows through the Space discharge path
of tube 2 and the Ieak resistor § to the anode of
tube {. The potential of this elecirode, therefore,
is rendered less positive than in the preceding
instant. As a consequence, the grid voltage of
the tube 2 also is rendered less positive, whereby
to decrease the magnitude of the space current
flowing through this tube, The anode voltage of
the tube 2 increases in positive value as a conse-
Quence of the decrease of space current flow in
the tube. This increased positive voltage is im-
bressed upon the grid of tube { by the coupling
condenser 6 to increase still further the condue-
. tion-of space current in this tube. 'This process
continues very rapidly in a manner well known
in the art relating to multivibrators. Ultimately,
sbace current conduction in tube { is af g maxi-
mum and space current conduction in tube 2 is
completely interrupted. Tube {, however, con-
tinues to conduct for an additional period. Space
current is supplied during thig interval from the

In this manner the voltage of the -

. 4 )

oscillation frequency of the multivibrator in a

somewhat different manner. : . :
Suppose, for example, for a given value of the

coupling condenser § the leak resistor provided’

10.

therefore has a relatively large value. The time -
coistant of this circuit, therefore, also is rela-
tively large, Suppose, also, in such g case that
the. value of the energy storage condenser 4 is
relatively small so that the time constant of beth -
the charging and discharging cireuits therefor
is'small in comparison with the time constant of
the circuit including the condenser 6 and the re-

_sistor 7, The charging of the condenser 4 dur-

. Ing the conducting period of tube 2 will require
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energy stored in the condenser 4. The rate at -

which this energy is dissipated is determined
chiefly by the time constant of the condenser
and the leak resistor 5,

The 'space current derived from the storage =

condenser 4 decays at the well known exponentia]
rate determined by the time constant of the dis-
charge circuit. So long as the current flow
through the leak resistor 5 is appreciable there ig
developed across
a voltage of sufficient magnitude to maintain the
-grid voltage of tube 2 sufficiently negative with
respect to its associated cathode to prevent the
conduction of space current in this tube, Ulti-
mately, however, the Space current for tube {, de.
rived from the storage condenser 4, diminishes
to such a relatively . small magnitude that the
voltage developed across the leak resistor 5§ is no
longer sufiicient to maintain the tube 2 in a non-
conducting state, As soon as conduction of space
current is initiateq in this tube, the potential of
the anode thereof, and consequently that of the
grid of tube 1, is depressed below the cutoff valus
for space current flow in tube |, whereby space
current conduction in tube
Pletely, and the described cycle of operation is
repeated, |

The natural period of oscillation of the multi-

vibrator in accordance with this invention pref.
erably is determineq principally by the values
of the energy storage condenser 4 and the leak
resistor 7. By reason of the novel cirecuit struc.
ture in accordance with this invention, however,
it is possible, if desired, to determine the free

the terminals of this resistor 5
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less time than is required for the negative charge
of condenser & to decay through the leak resistor
T sufficiently to raise the voltage of the control
grid of tube | to the space current cutoff value,

‘Bince, at this time the condenser 4 is-completely

charged, there no longer is a current flow through
the space discharge path of the tube |, Conse-
quently, the anode voltage of this tube is ina
creased to its maximum positive value ang this
voltage . is impressed by the coupling conderser
6 upon the contro] grid of the tube { to render
it conducting, Conduction continues in this tube
8s in the case previously described until the volt-
age developed across the resistor 5 reaches the
erid voltage cutoff value for the tube 2. At this
time conduction again is initiated in tube 2 and
the cycle of operation is repeated as described,
It is seen, therefore, that the initiation of con-
duction of space current in each of the vacuum
tubes is directly under the control of the energy
storage condenser 4. )

If, on the other hand, the leak resistor 71 is
made relatively smail and the storage condenser
& relatively large t0 make the time constants of
the respective circuits, including the condensers
6 and 4 relatively small and large respectively, the
operation of the multivibrator ig substantially
in accordance with that initially described. In
such g case the initiation of the conduction - of
Sbace current in the tube { is dependent upon
the circuit, including the condenser § and the
resistor 7, and the initiation of tha conduction
of space current in the tube 2 is dependent upon
the time constant of the circuit including the
coendenser 4§,

13 may be impressed
upon the anode of the tube 2. Where the ex-~
ternal source of impulses is of substantially the
same frequency as the natural.frequency of the
multivibrator the operation of the Iatter is syn-
chronized every cycle ina well known manner.
Characteristically of .most, multivibrators, the
one according to the present invention is suscep-
tible of external control in a manner to effect
multiplication or division of an external exciting -
frequency. In the case where frequency - division
is desired, the contrel or exciting impulses derived
from the source {3 have g periodicity which is an
approximate multiple of -the natural periodicity
of the multivibrator. In such a case the am-
plitude of the control impulses ig chosen so that
only those occurring at substantially the multi-
vibrator periodicity are effective to control the
multivibrator operation. In this case, also, the
multivibrator is subjected to control once in each
cycle of its operation. .
Where frequency multiplication ig desired the
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eontirel impulses are impressed upon the multi-
vibrator only at the periodicity of the relatively
low frequency to be multiplied. In this case the
frequency control of the multivibrator is effected
only during those cycles of its operation which are
a multiple of the control frequency.

Apparatus in accordance with this invention
has been operated satisfactorily to generate sub-
stantially rectangular impulses ab & natural or
free running frequency of 1260 cycles per second
with the following values of circuit constants.
The total current drain from the source of uni-
directional energy is approximately 0.75 milliam-
pere.

Tubes | and 2o cem 6SN7

Resistor 8-ccemamee—em 10,000 ohms

Condenser 4. om- 0.65 microfarad
Resistor Bovemecmmee——— 5600 ohms

Condenser & ceee—ee- 92500 micro-microfarads
Resistor 1o 560,000 ohms

Battery 8oeecoemmemeem- 325 volts

Resistor §oeoe e 16,000 chms

It is apparent from the foregoing description
of one apparatus embodying the invention that
there is provided a multivibrator having fewer
components than those known to the prior art.
Such apparatus, therefors, may be more compact-
Iy mounted than heretofore. . Additionally, it is
seen that the current drain by such a multi-
vibrator is considerably reduced. Furthermore,
a substantial increase in the percentage.of the
total current drain is effected, whereby a more
efficient use of the supplied energy is made.

While there has been described what, at pres- 3

ent, is considered the preferred embodiment of
the invention, it wiil be obvicus to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and therefore, it is aimed in the ap-
pended claims to cover al1 such changes and modi-
fieations as fall within the true spirit and scope
of the invention.

What is claimed is: ‘

1. A multivibrator comprising, first and second
vacuum tubes, each having ai anode, a cathode
and a control grid, means including a source of
direct current energy for supplying space current
to said first tube, means including the space
discharge path of said first tube and a storage
condenser connected to the cathode of said first
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tube for supplying all of the space current o
said second tube, & capacitative coupling between
the anode of said first tube and the grid of said
second tube, and a conductive coupling between
the anode of said second tube and the erid of
gaid first tube.

2. A multivibrator comprising, a first vacuum
tube having an anode, & cathode and a control
grid, a source of direct current energy. having
one terminal connected to said first tube anode,
an energy storage condenser connected between
said first tube cathode and the other terminal of
said source of direct current energy, a second
vacuum tube having an anode, a cathode and
a control grid, a resistor connected between said
storage condenser and the anode of said second
tube, a coupling condenser connected between the
grid of said second tube and the anode of said
first tube, and a connection between the grid of
said first tube and said resistor.

3.- A multivibrator comprising, a first vacuuii
tube having an anode, a cathode and a control
grid, a space current supply circuit for said first
vacuum tube including a source of direct current
energy having its positive terminal connected to
said first tube anode, a second vacuum tube hav-
ing an anode, a cathode and a control grid, a
space current supply circuit for said second vac-
uum tube including an energy storage condenser
connected between said first tube cathode and
the negative terminal of said gource of direct cur-
vent energy and a resistor connected between the
grid and cathode of said first tube, a coupling
condenser connected between the grid of said
second tube and the anode of said first tube, and
a conductive coupling between the grid of said
first tube and the anode of said second tube.
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