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This invention relates to an electmc device compnsmg
parametrically excited resonators, i.e. resonators in which
the excitation causes oscillations in accordance with the
variation of a parameter in a non-linear differential equa-
tion, and more particularly to a circuit in which the said
resonators or groups of the said resonators are con-
nected in cascade in stages and the said resonators are
successively excited, and the occurrence of a back-cou-
pling voltage between' the resonators of each stage can
be avoided.

Hereinafter, a parametrically excited resonator will be
referred to as “parametron.”

Generally when a non-linear resonance circuit formed
by parametrons is excited by an exciting wave having
twice the frequency of ithe resonance frequency of the
circuit, and the resonance frequency output is taken out
of the said circuit, the phase of the cutput wave is limited
to one of two phases which are different by = radians.
Assuming that the above two phases of the said output
wave are zero-phase and sr-phase respectively, whether
the resonance frequency output of the non-linear reso-
nance circuit shall have zero-phase or =-phase is deter-
mined by the phase of the phase control wave which is
separately applied to the said resonmance circuit. The
said phase control wave has substantially the same fre-
quency as the resonance frequency of the resomance cir-
cuit, and may have a small intensity.

The above characteristics of a parametron make it-

possible to apply it to circuit elements for use in elec-
tric computers, electrical communrication devices etc., the
details of which have been described in my application
for patent filed on May 16, 1955, Serial Number 508,668.

‘When the parametrons are used as circuit elements
connected in cascade in stages for forming circuits, such
as those of electric computers and electrical communica-
tion devices, usc is frequently made of a circuit in which
the above elements are successively excited following the
stages of cascade connection and elements of each stage
are coupled so that the resonance frequency output there-
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of is used as a phase control input to the elements of .

the succeeding stage. In such a case, it frequently hap-
pens that the output voltage of certain excited elements
couples with other excited elements in preceding stages
through the elements in intermediate stages which are not
excited, and the operation of the circuit is made uncertain
due to the above mentioned undésirable coupling among
the elements. The above undesirable voltage will be
referred to herein as back-coupling voltage.

The object of the present invention is to provide a
circuit in which successively excited parametrons are con-
nected in cascade, and the oscillation output of excited
parametrons is used as a phase control wave thereof for
the succeeding parametrons to be excited and the back-
coupling voltage among parametrons of each stage is
eliminated.

The accompanying drawings illustrate the principles of
this invention wherein:

Fig. 1A shows an example of the circuit of a para-
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metrically excited resonator, namely a parametron; and
Fig. 1B shows a symbol of such a circuit as used in the
drawings.

Fig. 2A shows an example of the c1rcu1t in which para=
metrons arc connected in cascade; and Flg 2B shows
the wave form of the exciting wave which successively
excites parametrons of Fig. 2A.

Figs. 3, 4, 5 and 6 show embodimeiits of the &itcuit
of this invention.

Figs. 7A and 7B show the unit circiiit of anothér em-
bodiment of the présent invention, and Fig. 7C shows
the symibol of such a circuit used in the drawings.

Fig. 8 shows still another émbodiment of the ifivention
formed by the unit circuit shown in Fig. 7.

It must be understood that the drawings are given for
the purpose of exemplification without limiting the in-
vention or the claims thereto. '

Referring to the drawings, the primary and secondary
windings on the magnetic cores L; and L, of Fig. 1A are
separately connected in series, and the primary winding
or the secondary winding on the core L, is wound in the
opposite direction to that wound on the core L; whereby
the exciting wave which is applied to the terminals 1
and 2 is cancelled and does not appear at the two ter-
minals 3 and 4 of the secondary windings. A con-
denser C is connected between the terminals 3 and 4
whereby a resomant circuit is formed, and R is ‘con-
nected in parallel to the secondary windings as a damp-
ing resistance. In the devices in which the phase of the
oscillation output wave of the parametron is controlled
by the phase of the phase control wave, the exciting coil,

mamely the primary winding, is not so important for the

purpose of explaining the function of a parametron.
Therefore, in the explanation given hereunder, a para-
metron is represented as in Fig. 1B wherein the primary
windings are omitted.

In Fig. 2, parametrons belonging to group I are excited
by the exciting wave I shown in Fig. 2B, those belonging
to group II by the exciting wave II, and those belonging
to group III by the exciting wave III, respectively. That
is, the parametrons of ecach group (group I, IT and IIT
in Figs. 2A, 3, 4, 5, 6 and 8) are successively so excited
as to overlap slightly in relation to time ¢ as shown in
Fig. 2B. Therefore, if a zero-phase control wave is
applied to-the input terminal 5 at a certain period of
time, and if the elements belonging to group I (shown
by shading) are excited, one element at the left end oscil-
lates at zero phase. This zero phase output is applied
to an element of group II through the coupling im-
pedance 7, and therefore, when the group IT is excited,
the oscillation output thereof also becomes zero-phase.
Similarly, when the group III is excited, the elements of
group III oscillate at zero-phase. When the group I
is again excited, the elements produce an oscillation wave
at zero-phase. Such is the operation of the parametri-
cally excited resonator circuit of Fig. 2A. However,
the elements of group II receive at the right end, as a
control input, the output of the elements of group I
(in Fig. 2A, shown as seven parametrons), through the
circuit of the elements of group III, besides receiving as
a control input at the left end, the output of the element
of group I. Where parametrons are connected in cascade,
an undesirable back-coupling voltage is applied from the
output elements through the elements mot excited, this
voltage being in addition to the proper coupling following
the order of the stages of the cascade connection, and
thereby the circuit operation is made uncertain. For in-
stance, when the output elements are branched as in

Fig. 2A, and the elements of group I at the left end: :

oscillate at zero-phase and all the elements of group I
at the right end oscillate at w-phase, it occurs that the
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element of group II may be controlled by the input of
the back-coupling voltage from the elements of group I
at the right end, an undesirable w-phase oscillation being
produced thereby.

In Fig. 3, the clemenis 1, I and III ‘which are suc-
cessively excited are coupled by the coupling impedance r
as shown in the drawing, and -transfer successively the
zero-phase or w-phase signal applied to the input ter-
minal IP. The oufput of the element I is applied to
the transformer T and the phase-reversed output is fed
back to the input terminal of the element II through the
neutralising impedance r,. Supposing that the output

10

voltage of the element I is E, the transformation ratio -

of the transformer T is 1/1, and each element is used
exactly at the resonance frequency, the voltage e, fed
back to the input terminal IP through the neutralising
impedance ry, (the value of the impedance being assumed
as ry) is represented as:
o R
5 R+7,
where R is given as the damping resistance of the para-
metrically excited resomator. Also, assuming that the
voltage induced by the standard coupling xntens1ty in
each element is KE, and

R
R+r

the back-coupled voltage from the output voltage E of
the output element I to the element II through the
coupling impedance r (the value of the impedance
being taken as r) and the impedance of the element TIL
is represented as: e=K2E, when K is small (#*>>R).
Therefore, assuming that:

s

RB+r,

K=

—K?
and,
Ik

Tn
thus making e,=—e, the input applied by the back-cou-
pling voltage from the output element through the ele-
ments which are not excited can be completely neu-
tralised by the voltage in counter-phase applied through
the neutralising impedance 7.

Figs. 4 and 5 show other examples of this iavention,
in which each element is coupled by a transformer. In
Fig. 4, the output cf the element I is coupled with the
input transformer T, of the element II, and in Fig. 5,
the input transformer T; of the element I and the input
transformer Ty of the element II arc coupled through
the neutralising impedance Z. The use of a transformer
for stage coupling as in this case is advantageous for the
matching of the impedance levels, the reversal of polasity,
and inter-winding insulation. By making a neutralising
coupling with the above transformer, the circuit can be
greatly simplified. Also, by adjusting the winding ratio
of the transformer, the impedance can be varied at will.
Therefore, the neutralising impedance Z can be selected
at will.

Fig. 6 is an example of the cases wherein the output
voltage induced at the primary windings of the input
transformer is utilised. To the elements Pj;, Pys and
P,; which belong to the group II, the outpuis of the
elements Py;, Pj; and Py3 are applied as a back-
coupled voltage through the elements Pz, P3; and Pgg
of the group III. In order to neutralise the back-cou-
pled voltages, the outputs of the above elements of group
I are applied to the input transformer of the elements
Pa1, Py, and Py, through the neutralising impedance Z,
by utilising the primary windings of the input trans-
formers Tyi, Tia, Ti3, Tis and Tys. In such a circuit
connection, it is therefore possible to make a neutralising
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coupling without regard to the number of branches,
coupling intensity, or polarity, from the clement Pj
of group I to the elements of group I.

Although the neutralising couplings used to eliminate
the back-coupling voltage shown in the above examples
are different in impedance level, it is clear that the basic
principle of operation is equivalent. - When the reso-

nance frequency of the element, which is not excited andv

which forms the route for the back-coupling voltage is
somewhat different from the oscillation frequency, name-
ly, in situations where each element is not made com-
pletely uniform, the above neutralising action becomes
somewhat incomplete. Assuming that the inductance and
electrostatic capacity forming the resonance circuit of the
element are respectively L and C, and that the angular
frequency of the oscillation of the parametrons is w,
the impedance of the resonator Z; is represented as:

1/Z,=1/R+j(«C—1/wL)
If the magnitude of detuning a is small Z, con be repre-

sented as: Z,=R(1—jQa), O=wCR, a_(l«llszC) :

where Q is the magnification factor of the resonance cir-
cuit, and a the magnitude of detuning. Hence, where
the resistance coupling method is used, the back-cou-‘
pling voltage caused by detuning is represented as:

e=X2[(Qa)?—jQalE. Even when there exists a slight.

magnitude of detuning a, the inphase component affects
only (Qa)?, and this can be neglected. Therefore, the
main part of e is jQaK2E, having the phase different
by 90°. Thus, a back-coupling. voltage which is not neu-
tralised due to detuning, takes a phase 90° from both
the zero-phasc and w-phase signals, namely a ==x/2 phase.
It is clear from the theory of parametrically excited
resonators, that such out-of-phase voltages have zero
sensitivity for controlling the oscillation phase of para-
metrons.

Therefore, even when each element is not made strictly
uniform, undesirable effects can be elimimated satisfac-

torily, by the neufralisation of the back-coupling volt-
age, and an accurate operation can be achieved thereby. -

For example, when
l9al<}

the back couphug voltage may be diminished by about

20 db, and it is possible to increase the number of

branches of output to 10 times as many.

Fig. 7(A) shows an example of the umt circuit of‘

another embodiment of this invention, in ‘which an
ordinary hybrid coil is used. p is a parametron, and
1, and 1, are two magnetic cores of the same shape,

of ferrite for example. On the magnetic cores 1; and °
15, the primary windings c; and ¢,” and secondary |

windings cz and ¢,’ are respectively Wound. The wind-

ings ¢y, cl and the windings C2, ¢y’ are respectxvély 1
connected in series, and ¢; aad c;’ are wound in oppo-
site directions and the two ends of the primary windings
are the input terminals IP, and those of the secondary :

windings are the output terminals OP. On the magnetic
cores 1; and 1, the third windings ¢; and c;’ are pro-
vided. At the two ends of c;, the input and the two
ends of output term.mals 3 and 4 of the parametron are

connected, and at cy’, a balanced load BL ‘having an im- o]

pedance substantially equal to that of the parametron
is connected, whereby the voltages induced in the sec-
ondary windings c, and c,’ by the input of the primary

windings are made equal. Then, when a control input -
wave having, for example, zero-phase is applied to the

input terminal IP, the secondary voltages induced on
the secondary windings ¢, and ¢y’ cancel each other,

and do not appear between the output terminals OP.
However, the voltage induced on the third winding c;

is applied effectively on the input ends 3 and 4 of the
parameiron, and therefore, the phase of the oscillation
wave can be controlled. The -oscillaticn output of the

-




2,048,819

5

elemeént p is applied to the windings ¢;, and the sec-
ondary voltage thereof is produced. Such voltage can
be taken out of the terminals OP as output of the
parametron, and can be applied to the elements of the
siicceeding stage. When the exciting wave is not ap-
plied to the element p, the voltages induced in the pri-
mary windings ¢; and ¢;” cancel each other, even when
some alternating voltage is applied to the output ter-
ininals OP, and therefore, no secondary voltage is pro-
duced at the input terminals IP. The object of this
example is to connect a hybrid circuit to the input and
output terminals of a parametron, and to apply input
or take out output through a hybrid circuit. Fig. 7B
shows an example of such a hybrid circuit. Any otber
appropriate hybrid circuit can also be utilized.

The above unit circuit is represented, as in Fig. 7C,
as the element p and the hybrid circuit H, which has

10

the input terminals IP and the output termimals OP.. -

For example, in Fig. 8, each parametron p is connected
respectively to a hybrid circuit H, and the couplings
between group I and II, between II and III, and between
TIT and I are made through the said hybrid circuit H.
Therefore, the output of the elements at the left end
of group I is applied to the elements of group I by
a proper coupling. However, since the output of each
element at the right end of group I is applied to the out-
put end of a hybrid circuit of the elements, not excited,
of group III, the output of the elements at the right end
is completely cut off by this hybrid circuit, and there is
no fear that such an output is applied, as a control
wave, to the elements of group II as a back-coupling
voltage. Also, the output of each element can be uti-
lised effectively without any loss, as a control wave for
the succeeding stage, and, since the elements to be con-
trolled are controlled precisely only by the output wave
of the preceding stage, it is possible to control a great
many elements with the output of one element.

In the devices, such as electric computers and elec-
trical communication devices, a “not circuit,” namely
a circuit in which a zero-phase signal of a parametron
is converted to a w-phase signal or vice versa and is
applied to the succeeding element, is frequently used.
In such cases, when a resistance coupling as in Fig. 2
is used, the conversion must be made by providing a
transformer or the like for this purpose. However,
when a hybrid circuit as above-mentioned is used, a “not
circuit” can easily be made by simply reversing the inter-
terminal connection of imput or output. By doing so,
the construction of the whole apparatus is simplified.

I claim:

1. In an electric digital computing device having a
plurality of electric resonators, each of said resonators
having at least one reactor, the reactance of which is
made to vary at frequency 2f, whereby oscillation of
frequency f is produced in each of said resonators,
digital signals in said device being represented by the
phase difference in said oscillation of said resonators
at frequency f, said resonators being in a plurality of
stages, and said oscillations being produced in said res-
onators successively in the same order as the order of
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said stages, the oscillation voltage of said resonators in
each of said stages being transmitted to said resonators
in the succeeding stage to said each stage, whercby the
os¢illation phase of said resonators in said.succeeding
stage is controlled when the oscillation in said succeed-
ing stage is restarted after interruption, that improve-
ment comprising a phased signal transmitting coupling
means connected between the resomators in adjacent
stages for transmitting the oscillation voltage of the
resonators in one stage to the resonators in the next suc-
ceeding stage, and a voltage opposing coupling means
provided between the resonators in one stage and the
resonators in succeeding stages, for diminishing the
back coupling voltage which is produced by said phased
signal transmitting coupling means, and which is im-
pressed on the resonators in said one stage from the
resonators in the second succeeding stage through the
resonators in the mext succeeding stage when the reso-
nators in the next succeeding stage are mot excited.

2. The improvement as claimed in claim 1, in which
said voltage opposing coupling means is an impedance
for applying a voltage opposite in phase to said back-
coupling voltage to said resonators in said ome stage,
whereby the back-coupling voltage is substantially can-
celled. :

3. The improvement as claimed in claim 1, in which
said voltage opposing coupling means consists of an im-
pedance and a matching transformer for applying 2
voltage opposite in phase to said back-coupling voltage
to said resonators in said ome stage, whereby the back-
coupling voltage is substantially cancelled.

4. The improvement as claimed in claim 1, in which
said phased signal transmitting coupling means com-
prises a coupling impedance and a matching transformer
between resonators in adjacent stages.

5. The improvement as claimed in claim 1, in which
sajd phased signal transmitting coupling means com-
prises an impedance and a matching transformer be-
tween resonators in adjacent stages, and said voltage op-
posing coupling means comprises a further impedance
and said matching transformer for applying a voltage
opposite in phase to said back-coupling voltage to said
resonators in said one stage, whereby the back-coupling
voltage is substantially cancelled and said matching
transformer serves in both the phased signal transmit-
ting coupling means and the voltage opposing coupling
means.

6. The improvement as claimed in claim 1, in which
said phased signal transmitting coupling means and said
voltage opposing coupling means between each adjacent
stage comprise a hybrid coil having a balancing load.
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