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The present invention relates to a memory system and
more particularly to a binary digital information storage
system utilizing a plurality of reactive storage elements,
such as ferromagnetic inductors or ferro-electric capaci-
tors, having a non-rectangular hysteresis loop relation-
ship between the electro-magnetic field applied thereto
and the electro-magnetic residual induction thereof, and
a parametrically excited resonator connected electrically
with the reactive storage elements,

In electric and electronic computers, it is necessary to
provide a memory device which can reproduce (read
out) the previously stored electric signals in accordance
with the necessity to make calculations or to transmit
said signals.

For this purpose, cathode ray tubes, magnetic record-
ing tapes, magnetic drums, ultrasonic devices, etc. have
been heretofore used, but they have various disadvan-
tages since the period of time for the preservation of the
recorded signals, accuracy of operation, operation speed
and their industrial life are unfavourable.

The memory device according to the instant invention
comprises a ferro-magnetic core or ferro-electric plate
to be used as the nonlinear reactive element and a means
capable of recording the signals by means of inducing
residual magnetic or electric induction in said element
and has excellent properties in connection with the period
of time for the reservation of the recorded signals, opera-
tion accuracy, operation speed and industrial life.

However, in every information storage system, it is
necessary to amplify the signals to be recorded and the
reproduced information signals or to use the element
capable of carrying out various logical operations. For
said objects, hitherto, vacuum tubes, diodes, transistors,
etc. have been used, but these are relatively expensive,
unstable in their characters and relatively short in their
lives, such disadvantages being common to all of the
memory systems.

According to the memory system of the present in-
vention, the aforementioned disadvantages can be ef-
fectively eliminated by utilizing a new and improved
parametrically excited resonator element capable of am-
plifying the signals and carrying out logical operations.

However, the operating characteristics of the para-
metrically excited resonator is remarkably different from
those of the vacuum tube and transistor, so that it is
impractical to combine directly any one of the usual
memory systems utilizing the reactive storage elements
with the parametrically excited resonator.

It is a principal object of the present invention to pro-
vide a memory system utilizing reactive storage elements
and parametrically excited resonators which are directly
coupled with said elements.
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It is also an object of the present invention to provide '

a digital memory system which can accurately operate
without requiring reactive storage elements having hys-
teresis curve of strictly rectangular form.

It is a further object of the present invention to pro-
vide a digital memory system which can accurately oper-
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ate even when reactive elements having relatively non-
idealized rectangular hysteresis loop characteristics are
employed.

It is another object of the present invention to enable
perfect preservation of the recorded signals during repro-
duction of said signals memorized in the storage element.
The previously recorded signal can be repeatedly repro-
duced without a regenerating process and the erasure of
the previously recorded signal made effective only upon
the recording of a new signal on the storage element.

A still further object of the present invention is to pro-
vide a binary digital information storage system contain-
ing long lasting, reliable, rugged, and economical storage
components especially suited for high speed operations.

Other objects and many of the attendant advantages
of the present invention will be more readily appre-
ciated as the same becomes better understood by refer-
ence to the following description, taken in connection
with the accompanying drawings, in which:

Figure 1 is a perspective view illustrating schematically
a storage element of the present invention.

Figure 2 is a B-H curve of a magnetic core to be used
for describing the operation of the recording system of
the present invention. ,

Figure 3 is a circuit diagram illustrating the apparatus
to which is applied the system of the present invention.

Figure 4 is a circuit diagram of one embodiment of a
parametrically excited resonator to be used in the system
of the present invention.

Figure 5 shows wave forms for describing the record-
ing principle of the present invention.

Figure 6 also shows wave forms for describing the
reproducing principle of the present invention.

Figure 7 is B-H curve of a magnetic core for describ-
ing the operation of the recording system of the present
invention.

Figure 8 is a circuit diagram illustrating anocther ex-
ample of the apparatus to which is to be applied the
system of the present invention.

Figure 9 is a circuit diagram illustrating a still another
example of the apparatus to which is to be applied the
system of the present invention. :

Figure 10 shows wave forms for describing the other
recording principle of the system of the present inven-
tion.

Figure 11 is a B-H curve of the magnetic core for
describing the operation of the system described in Fig-
ure 10; and

Figure 12 is another circuit diagram illustrating a still
further example to which is applied the system of the
present invention.

The parametric oscillation of any resonmator or elec-
tric resonance circuit occurs when the reactance of the
resonator is made to vary at a frequency 2f, which is
equal to substantially twice the resonance frequency of
the resomator, ¥ subharmonic oscillation having a fre-
quency of f is induced in said resonator (this phenom-
enon is more fully described in an article by N. W, Mc-
Lachlan entitled “Ordinary Non-Linear Differential Equa-
tions,” Oxford 1950). The parametrically excited reso-
nator contemplated to be used in the instant inventicn
is of the type disclosed in applicant’s copending applica-
tion Serial Number 508,668, filed May 16, 1955.

Hereinafter, the parametrically excited resonator will
be denoted as the parametron and the fact that the
resonance frequency of the parametron is made to vary
by application of a current having a frequency 2f will be
denoted as the fact that an exciting wave is applied to
the parametron. In general, parametric oscillation of
the parametron having a frequency f has the property
that it can oscillate at only two different phases which
differ about 180° apart from each other, the two oscilla- -



tions being denoted, respectively, as the 0 radian oscilla-
tion and the r radian oscillation. It is possible to indi-
cate one binary digit by the 0 radian oscillation or the =
radian oscillation of the parametron. In the following,
lef it be assumed that binary digits “0” and “1” are,
respectively, represented by the 0 radian oscillation and
the = radian oscillation. ,

- Whether the parameiric oscillation becomes a 0 radian
oscillation or a = radian oscillation will be decided ac-
cording to the fact that the phase of weak signal current
having a frequency of and directly impressed on the
resonance circuit of the parametron prior to application
of exciting wave to said parametron, is ¢ radiam or
radian. Accordingly, it is possible to amplify the signal
current having a frequency f and cafrying a binary in-
formation in the form of phase difference of 180° while
precisely preserving said binary information, said signal
current being hereinafter referred to as the binary phase
signal or the phase control signal of the parametron,

The parametron is capable of carrying out various
binary logical operations besides being capable of ampli-
fying the above-mentioned binary phase signal, but de-
scription relating to the former function is omitted in this
specification, because it is not important for the descrip-
tion of the present invention.

It is well known that a reactive circuit element such as
ferro-magnetic core inductor or ferro-elecfric capacitor
having a hysteresis loop characteristic is capable of storing
one. bit (binary digit) of information in accordance with
the magnetic or electric residual induction thereof. In
general, - the ferro-magnetic substance has a hysteresis
loop relationship between the magnetic field H and the
magnetic induction B as shown in Figure 2 and the ferro-
electric subsiance also has a hysteresis lcop characteris-
tics similar to that of Figure 2 in which the magnetic field
H is replaced by electric field E and the magnetic in-
duction B. by electric induction D, and the points +B;
and. —B, corresponding to the saturation conditions at
positive and negative polarities, respectively. :

Let it be assumed that a binary digit “1” is stored in
the: form of the plus polarity of the residual induction of
above-mentioned reactive element, then binary digit “C”
is. stored in. the form of minus. polarity. of the residual
induction. . . . i .

On The other hand, the parametron is capable. of han-
dling binary information in the form of phase difference

of 180° (or in other words in.the form of change of.

signal polarity). o
The. illustrative: signal storage element which is to be

used for the system. of the present invention: and shown:

in Figure 1 is composed of a small toroidal. magnetic
core 1 which. is made of ferro-magnetic: material: such as
ferrits. and two electrical. conductors 2 and 3 which. are
interlinked with said core. When current. or: currents
are-passed through one or both of conductors: 2 and- 3,
a B-H curve as shown by the curves 4; and. 4; in Fig-
ure 2 will be obtained between the magnetic induction B
and magnetic field- intensity ¥ of core. . The form: of

said core 1 and number of the conductors which are.

interlinked with said core may be selected at will. Fus-
thermore, the capacitor ‘made. by aitaching electrodes on
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lines and said conductors 6 in the columns is formed one
signal storage element.

The conductors 5 in the lines are electrically con-
nected to the circuit selector 7 and the conductors 6 in
the columns are electrically connected to the informa-
tion signal source- 8.

In case the digital memory apparatus is to be used

- for an electric computer, signal source 8 corresponds to

10

a register of binary digits. This register 8 consists of
parametrons 9. The number of parametrons being so
selected as to be equal to the aumber of conductors.$.
The detailed structure of each one of the parametrons 9

- is shown in Figure 4. The parametron is composed of

15

two toroidal magnetic cores 1€ and 104 which are made
of ferro-magnetic material, two pairs of primary coils

~ and two pairs of secondary coils, each pair of said pri-
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mary and secondary coils being wound on each of said
cores, the two primary coils being connected in series
opposition, the two secondary coils being connected in
sefies  addition, and beiween the two secondary coils
being parallelly connectéd a condenser 11.

 Now, when the resonance frequency of the resonance
circuit composed of said secondary coils and condenser
11 is about f and a D.-C.-bias current and an exciting
carrent_having a frequency 2f is applied across the pri-
mary coils 13 and 13q, the resonance fréquency of sdid
resonance circuit varies with a fréquency 2f due to the

- nonlinear characteristic of the cores 10 and 104, and an
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both surfaces.-of a ferrc-electric. plate made of a: sub-- .

~ stance such -as.barium titanate can also be used as the-

signal storage element. Such an element also has a hys-
teresis. characteristic between. its electrostatic field: inten-

sity E applied between electrodes on both surfaces-of the-

element and electric induction D of said ferro-electric
plate.

In both- of the aforemerntioned reactive storage: ele--
ments the residual induction varies-in accordance- with-

the hysteresis loop when the applied field is-varied.
In:Figure 3; a plurality of maguetic cores-are-arranged

ift-a- matrix: form and conduectors 5-and & are’so inters

linked with- the magnetic cores-in the lines-and columns;

that:at: each cross:over point-of said:conductors:5-in the-
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-gnd 12q, Fig. 4, of the respective paramstron %

oscillation -wave having a frequency f can be induced
in the secondary resonance circuit. The phase of said os-
cillation wave takes either one of such two phases which
differ about 185° each other as, for instance, 0 radian
and = radian. Now, when at the fame¢ time with or
at a time slightly prior to the application. of the exciting
current having frequency 2f to the primary coils, to the
secondary resonance circuit is applied a very weak input
alternating current signal (phase control signal} having a
phase nearly equal to 0 radian and having a frequency
#, the phase of the oscillation wave becomes ¢ radian.
On the other hand, if the phase of the applied input-
signal. current is about + radian, the phase of the oscilla-
tion wave becomes = radian. . L
The amplification factor -of the parametron (which
means the ratio;amplitude of the oscillation to amplitude
of the phase control signal) can be made very large and
about 40 db of gain can be obtained very easily. In
the circuit shown in Figure 4, one pair of terminals
12 and 124 is used for both the input and output termi-
nals depending on whether the exciting wave is impressed
or not. - Namely, when the exciting wave is not im-
pressed, the parametron receives the phase coatrolling
input signal from terminals- 12 and 124, and when the
exciting wave .is impressed, oscillation wave of the
parametron ‘is taken out of the same terminals. In or-

“der to.simplify the drawings, the exciting circuits con-

pected to the exciting terminals 13 and 134 of the
trons are not shown in other drawings, because
not important in explaining. the actions of the
trons. .

In the apparatus showi in Figure 3, each conductor 6
in each column.is connected to-the: eutput teriminals: 12

parame-
they are

LiiTy

parame-

de-
cribed above and-the circuit selector 7 has & functicn-to
select any one- of- the conductors 5 -in the-lines and to
supply said selected-conductor with an-altsrnating current
having frequency f/2. The oscillation frequency and
exciting frequency of said parametron-aad the frequency
of the alternating current-signal to be applied'to-'the-con-
ductor 5 from the circuit selector 7 may beso selected as’
to-be 1 me., 2’ me. and 500 ke., respectively. :

- An . illustration of the present- invention in which- a’
number consisting of several binary digits is-recorded-on
the digital memory- apparatus-of Figure 3 -will be*de-
ccribed  hereinafter, - Mow, to input’ terminals-12 and 12q
of each’ parametron $-is-applied’ an- informationl input
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sigal by a binary-phased control current having a fre-
quency f which is equal to that of the oscillation fre-
quency of the parametron 9, in such a manner that 0 or
1 of each binary digit of the number is indicated in ac-
cordance with 0 radian or = radian of the phase of said
binary-phased control current. Accordingly, when the
number to be recorded is taken as 00101, a binary-phased
input signal of 0 radian is applied to the first, second and
fourth parametrons 9;, 9, and 9, and a binary-phased
input signal of = radian is applied to the third and fifth
parametrons 9; and 9;. At the same time with or slightly
later to the application of said input signals, an exciting
current having frequency 2f is applied to each parametron
to bring the same into oscillating state. As hereinbefore
described, the oscillation phase of each parametron is
controlled by the phase of each input signal, whereby the
conductors 6 connected respectively to the output termi-
nals of each parametron will be supplied with an am-
plified alternating current having the same frequency and
the same binary phase as those of the input signal. When
it is desired to record the number 00101 in the magnetic
cores 1;, 1, 15, 14 and 1 located in the third line from
the bottom of the matrix, it is necessary to select the
conductor 53 by means of the circuit selector 7 at the
same time with the above-mentioned operation and sup-
ply the conductor 5; with a recording signal current hav-
ing a frequency f/2.

As the circuit selector 7 may be an amplifying modu-
lator of vacuum tube type or made of a group of parame-
trons which are parametrically oscillatory when it is
excited with an alternating current frequency of f, the

. wave form of the recording signal current to be applied
to the conductor 53 from the circuit selector 7 has a con-
stant phase and frequency f/2 as shown in Figure 5(a).

The binary-phased signal currents, being separately ap-
plied to the conductors 6 from the parametrons of reg-
ister 8, have respectively one of the two wave forms
shown in Figs. 5(b) and (c), in accordance with the
phase. Figure 5(b) shows the wave form of a 0 radian
signal and Figure 5(c) shows a = radian signal. The

phase of said recording signal is so adjusted that the .

phase of maximum amplitude of said recording signal
substantially coincides with the phase of ;maxi’mum' am-
plitude of said binary-phased signal, as shown in Figure
5(d). :

(N)ow, for number 00101, the alternating current signal
is applied to the conductors 63, 6, and 6, in the first, sec-
ond and fourth columns from left side has the p.hase
shown in Fig. 5(b) and an alternating current .sxgnal
having the phase shown in Figure 5(c¢) is applied to
the conductors 6; and 6; in the third and fifth colun}ns
from left side, the magnetic cores 1;, 1, and 1, wh*ch
are interlinked with the conductor 53 will be supplied
with two kinds of alternating current such as shown
in Figures 5(2) and (b) and the magnetic cores 1, and
15 will be supplied with two kinds of the alternating cur-
rents such as shown in Figures 5(aq) and (¢). A.ccord-
ingly, to the magnetic cores 1;, 1, and 1, are applied tl'}e
magnetic fields having wave forms such as s‘{mwn in
Figure 5(d) and to the cores 1; and 1; are applied mag-
netic fields having wave forms as shown in Figure 5(e).

Now, let it be assumed that between the magnetic field
intensity H and the magnetic induction B of the ferro-
magnetic cores 1, there is a hysteresis relation as show'n
in the curves 4; and 4, in Figure 2 and that the magnetic
core 14 was previously magnetized to the residual mag-
netic induction corresponding to the point 14 in Figure 2.
Then, when there is applied the magnetic core 1, a mag-
netic field having the wave form such as shown in Figure
5(d) by application of both the binary-phased signal
current and the recording signal current, the magnetic in-
duction of said core 1, oscillates along the B-H curve
shown by the enclosed curve 15 in Figure 2. Accord-
ingly, when the application of the signal currents are
ceased the magnetic core is restored to its residual mag-
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netic induction corresponding to a point 14 or to the
point near said point 14. On the other hand, if the
magnetic core 1, has been previously so magnetized as
to maintain the magentic induction corresponding to the
point 16 in Figure 2 and a recording signal current and
binary-phased signal current are additionally applied
thereto, the magnetic induction of said core successively
ascends along the spiral curve 17 of Figure 2. And
when both of said signal currents are terminated, core
1, returns to the residual magnetic induction correspond-
ing to the point 14 or to the point near said point 14
as same as the above-mentioned case.

As will be clearly understood from the above facts,
the magnetic cores 1;, 1, and 1, to which are applied
the magnetic fields as shown in Figure 5(d) will be given
such magnetism as shown by the point 14 in Figure 2
regardless of the polarity of the residual magnetic induc-
tion which was previously given to said cores.

Similarly, the magnetic cores 1; and 15 to which have
been applied the magnetic field as shown in Figure 5(e)
will be given the residual magnetic induction correspond-
ing to the point 16 in Figure 2. That is, the magnetic
cores 1;, 1, 15, 1, and 15 coupled with the conductor
53 which is supplied with a recording signal current from
the circuit selector 7 will be given, respectively, the
magnetisms corresponding to the points 14, 14, 16, 14
and 16 in Figure 2. Each of such polarities of the
residual magnetic induction of said magnetic cores corre-
sponds to the respective unit figure of the number 00101.
During the above-mentioned recording process of the ap-
paratus shown in Figure 3, taking into account that the
parametrons other than each above-mentioned five para-
metrons 9y, 93, 93, 9, and 95 are not excited, the mag-
netic cores other than each above-mentioned five magnetic
cores 1, 1y, 13, 1, and 1; are supplied with signal cur-
rents as follows:

The magnetic cores coupled with the conductors of the
columns 6,, 6;, 6, 6,, 65 are supplied with the binary-
phased signal currents having one of the wave forms
shown in Figs. 5 and 5(b) and (c), the magnetic cores
coupled with the conductor 5; are supplied with the
recording signal current having the wave form shown in
Figure 5(a), and the remaining cores are not supplied
with any current at all.

Since the wave forms of the above-mentioned currents
are all symmetric with regard to . zero level lines, no
residual magnetic inductions can. be recorded in the
above-mentioned magnetic cores. ‘Moreover, even if the
above-mentioned signal currents were made very large
S0 as to substantially demagnetize the induction, the
polarity of the residual induction would not be changed,
due to the symmetry of the wave form.

As it is clear from the above-mentioned facts, the
recording process of a binary information into the mag-
netic induction thereof can be carried out only upon
those magnetic cores, upon which both the recording sig-
nal current of frequency 7/2 and the binary-phased sig-
nal current of frequency f are supplied together, and
polarities of the residual magnetic induction of the remain-
ing cores are not changed.

Therefore, the above-mentioned recording method of
the present invention have the following two advantages
in comparison with the conventional method utilizing
D.C. current pulses:

(1) The great margin value of currents. The proper
value of the currents used in the recording process is
not so critical.

(2) Correct recording of a binary information can
be carried out even if the hysteresis curve of the mag-
netic cores are very different from strictly rectangular
form. .

In the following, the operation for reproducing the sig-
nal stored in the magnetic cores 1 illustrated in Figure 3
will be explained. ‘

The following reproducing system can always be
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épphed for the casé in which the signals have been stored
it thé magnetic ‘¢ore or ferro-electric body havmg hys-
téfesis chafadier in accordance with positivé 6t negatwe
polanzed polatity of said coré or b6dy. That is to ay;
thete is Hio limitation ir thé system used for fecording the
signals to be reprodiced.

Hotvever, when signal recording is to be carried out in
accordancé with thé above systeni by miéans of ising the
¢ifcuit seléctors 7 and tegister 8 comprisifig paraftietons;
these two apparitiisés may alio be utilized for thE re-
production of thé signil. '

Let it be assumed that the nuitiber 00101 previously
stored respectively in corés Ij; 1, 131, and I is to be
reproduced.

Now, the conductor 53 is selected by the c1rcu1t seléctor
7, and a réproduéing signal current which is an alternat-
ing current having frequiericy 7/2 is supplied to said select-
ed conducter. The reproducing srgnal current is a cur-
rent as shown in Figure 6(a), dnd is completely equal
to- the recording §igrial curiént shown in Figure 5(4).
Then magnetic inductions B of the magnefic cores iy,
1, and 1, which Have been magnétized to ihe point 14
in Figure 7 oscillate along the locus indicated by the
enclosed curve 18 in said figure. Curve 18 has a flatter
slope in positive part of mdgnetic field H and has a steeper
slope in the negativé part. -Accordingly, in edch of the
condtctors &y, 6, and 64 which are coupled, respectwely
with the magnetic cores 1, 12 and 1, there i§ induced
a distorted E.M.F. as shown if Figlire 6(b).

The distorted E.M.F. contains the secondary hafmonic
component havmg the phase such as shown in Figure
6(c), that is, the E.M.F. having frequeéncy f. On the
othér hand, thé magnetic cores 13 and 15 are magnetlzed
with a- magnetism correspondmg fo the point 16 in
Figure 7. - Accordingly, in €ach of the conductors 65 and
65 coupled with said cores is induced another distorted
E.M.F., (not shiown), the second harmonic componént of

said EMF having a reverse phase to that shown in

Flgure 6(c). The cuirents induced in the conductors 6
are applied to the parametirons 9 of the reglster 8 in
Figure 3. As the parametrons form a resonance circuit
having a tuning frequency near f, the above—mentloned
harmonic componeénts are selectively impressed on the
parametrons.

Accordmgly, when each of parametrons 9 is supphed
with an exciting current having a frequency 7f at the
same time with ‘or at & time slightly later than theé appli-
cation of the reproducmo signal currént to the conductor
5. the oscillafion phase is cortrolled by the phasé of the
second harmionic componént containéd im the disfortéd

E.M.F. which has béén induced in the conductor 6. As

the phase of the currents having frequency f and induced
in the condudfors 6;, 6, and 6 is reverse to that of the
current having frequency f and induced in the conductors
6; and 65, the parametrons 9, 95 and 9y generate an
oscillation wave having a phase of 0 radian representing
binary digit “0” and the parametrons 9, and 9; génerate

an oscillation having phase of s radian répresenting

binary d1g1t “1,” whereby the previously stored pumbered
00101 is reproduced and the oufput wave of said pa-
rametrons can be led out from the terminals. 12 and 12q
towards an arithmetic unit or any other unit at wilk
The oscillation oiitput curfents of the parametrons 9
are not only taken out from the terminals 12 and 12q,
but also flow into the conductors &. Accordmg v, the
magnetic cores 1y, 1, I, 1, and 1y are supplied Wxth
both the binary-phased. oscillation output ciirrents of the

parametrons 9 through the conductors 6 and the reproduc--

ing signal ¢urrent as shown in Flgure G(a) through the
conductor 5;.
That is to-say, the currents in the conductors § and 6

are entirely equal to the current-such: as showmin- Flgures

5(a), (b) or (c), said current havmg been- used for
recordmg the sxgnal
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Therefore, a magnetic field hawng the wave form such
as shown in Figures 5(d) or (e) is applied to the mag-
netic cores 1, 15, 15, 1 and 1y and the number 00101
which was just reproduced is again recorded in the same
corés or in other words a regeneration process is carried
out qu1te automatically.

As is clear from the above descriptions, the above-
hentioned reproducing method of the present invention
is non-destructive, and no regenerating process is nec-
essary Therefore, the above-mentioned . regeneration
process . i§ somewhat superﬂuous but it is not a disad-
vantage becanuse the process is carried out “automatically
without providing any special means for carrying it out.

Thie above-mentioned reproducing method of the pres-
sht invention have the following advantages compared
to -the comrnonly used method utilizing D.C. ~current
pulses:

(1) The non-destructive nature of reproduction- proc-
éss. No special means for régeneration are. necessary.
(2) High signal to noise ratio. The reproducing
s1gna1 which is applied to the reactive storage clements
in order to read out the polarlty of the résidual induction,

- has a differeént frequency 7/2 from the frequency f of thé
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reproduced binary-phased signal. Therefore, these two
signals can be completely separated by means of a filter
and a high S/N ratio is obtained.

(3) Correct and reliable reproduction can be carried
out even if the Hysteresis curves of the reactive storage
elements are very different from the Strictly rectangular
form.

It has béen empmcally shown that when a toroidal
magnetic-core having an inner diameter of 2 mm.; outer
diameter of 4 mm. and thickness of 1 mm. and made of
copper-zinc ferrite; the hysteresis loop of said core being
very different from rectangular form, was used, two alter-
nating curreits of 1 mec. and 500 kc. were used for
récording. Even wheén the intensities of said currents
were respectively varied between 200 mha. turn and 500
ma. furn, residual maghetic induction capable of being
maintained for. sufficiently long périod of time was

-obtained. In the reproduction of the recorded mguals,

when a magnetic field between. 300 ma, t./cm. and 500
ma. t./¢m. was applied to said magnetic core by means
of reproducing signal currént of 500 kc:,” the sécond
harmonic voltage of about 15 mv./turn was obtained.
It was also confirmed that very effective and accurate
operatlon can be obtained by using the apparattis Shown
in Figure 3, in which thé above-mentioned-sized 1024
corés made of Cu-Zn-ferrite cores were drranged in &
fatrix form of 32 linés to 32 columns.

In Figure 8 is shown a digital memdry apparatus in
which ferro-électric capacitors: having hysteresis loop
characteristics are used as the reactive storage elements.

Single crystal of plate form made of barium titanite
is very suitable for said object. Of course, many other
ferro-electiic body capable of producing residual electric
induction may be used as said material. © In Figure 2,
if the magnetic field intensity H and the magnetic induc-
tion B are, respectively, substituted by electric field inten-
sity B and- electric induction D; the above-mentioned
ferro-electric substance has a hysteresis character similar
to thatf shown by the curves 4, and 4 in Fig. 2. The
closer the hystéresis loop approaches a rectangular form,
the more accurate operation will be obtained,; but. accord-
ing to the present invention a sufficiently practical opera-
tion can be attained evén Wwhen said hysteresis loop differs
rémarkably from the rectangular form.

The digital memory apparatus shown in Flgure 8 is
composed of a crystal plate made 6f barium titanate and
parallelly arranged conducting tapes 5 and 6 which cross
perpendicular to each other and which are- arranged;
respectively, on both surfaces of . said crystal plate;-said
tapes 5 being attached on- one surface of said crystal
plate and being connected to the circuit selector 7, and
also the other parallel tapes 6 being used as the informa-
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tion signal source for the recording operation and being
connected to the parametrons 9 in the register 8 which
operates as an amplifier,

Each of the cross parts between the conductors § and 6
forms a condenser 21 having ferro-electric substance made
of barium titanite. This condenser is used as the unit re-
active storage element. |

A detailed operational description in connection with
the above-mentioned digital memory apparatus is omitted
herein, because said description is equal to the operational
description relating to the case in which magnetic cores
are used as the reactive storage elements except that the
waves shown in Figures 5(a), (b) and (c) and Figures
6(a), (b) and (c) are substituted with voltage waves and
the waves in Figures 5(d) and (e) and Figure 6(d) are
substituted with the wave of electric fields.

In the above-mentioned recording system, let it be as-
sumed that a certain constant phase is given to the cur-
rent or veltage having a frequency of #/2 and the phase
of the current or voltage having a frequency f is shifted
by 180° in accordance with the information signal. - How-
ever, reversely, it may be possible to use the current or
voltage having a frequency f/2 as the information signal
and to use the current or voltage having frequency of f

as the recording signal. Of course, in said case it is neces-
" sary to shift the phase of the current or voltage having a
frequency /2 by 90° in accordance with the information
signal. ’

In the following will be described another system in
which signals can be recorded in such reactive storage
elements as described already by utilizing the current or
voltage having binary phases,

Referring to Figure 9, another memntory system is shown
employing one hundred magnetic cores arranged in the
matrix form composed of ten lines and ten columns and
the conductors 5 and 6 which are, respectively, coupled
with the magnetic cores in lines and columns and con-
nected to the circuit selectors 22 and 23, respectively. The
conductor 25 connected to the information signal source
24 is coupled with all of the hundred magnetic cores.

The signal source 24 comprises a parametron which
oscillate to generate an alternating current having a fre-
quency f; phase and which can shift its phase by 180°
in accordance with the input information signal, so that in
the recording operation an alternating current having a
frequency f; will be applied to said conductor 25, the
phase of said current being 0 radian or  radian. On the
other hand, when any signal is to be recorded in one mag-
netic core 1, conductors 5, and 65 are selected by the
circnit selectors 22 and 23 and then to these conductors
are applied recording signal currents having frequencies
fa and f,, respectively, but in this case it is necessary to
maintain the relation fu—fy=f; between the frequencies
foand fs.

Figures 10(a) and (b) illustrate the waves of the
binary-phased information signal currents which are to
be applied to the conductor 25.

As described above, there is a phase difference of 180°
between the waves (4) and (b). .

Let it be assumed that to the magnetic core 1 is applied
a binary-phased information signal current such as shown
in Figures 10(a) or (b) as well as the alternating cur-
rents having frequencies f, and f; through the conductors
5;and 6. ‘Then, the magnetic fields generated in the mag-
netic core 1g by said two kinds of alternating currents in-
terfere with each other, thereby a resultant magnetic field
having a pulsative form such as shown in Figure 10(c)
will be obtained. To this pulsating magnetic field is super-
posed a magnetic field caused by the information signal
current which is applied to the conductor 25, the fre-
quency f; of said information signal current being equal
to the frequency (fo—fs) of the pulsating wave due to
the interference between the two alternating currents hav-
ing frequencies f, and 75, respectively. Therefore, if the
apparatus is so adjusted that the phase of the maximum
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amplitude of the pulsating wave as siiown in Figure 10(c)
coincides with the phase of the minimum amplitude of the
magnetic field due to such information signal current as
shown in Figure 10(a), the resultant wave of the two
pulsating magnetic fields will assume the form shown in
Figure 10(d). Furthermore, if the information signal
current takes the phase such as shown in Figure 10(b),
said resultant wave assumies the form shown in Figure
10(e). As is clearly shown in said drawing, the above-
mentioned two kinds of the resultant magnetic fields are
not same in their positive and negative amplitudes.

That is to say, when the information signal current takes
the phases such as shown in Figure 10(a), the negative
amplitude is larger than the positive amplitude and when
said current assumes the phase such as shown in Figure
10(b), the positive amplitude is larger than the negative
amplitude,

On the other hand, when amplitudes of the currents ap-
plied, respectively, to the conduciors 5, and 6¢ are same
and the amplitude of the information signal current ap-
plied to the conductor 25 is double the former amplitude,
the negative or positive amplitude of such pulsating mag-
netic field as shown in Figures 10(d) and (e) will be-
come respectively twice the positive or negative ampli-
tude. Accordingly, if the magnetic core 1 having a mag-
netic induction corresponding to the point 16 in Figure 11
is additionally applied with such magnetic field as shown
in Figure 11(e), its magnetic induction rises along the
spiral locus 26 shown in Figure 11 like the case described
in connection with Figure 2. After the recording opera-
tion is completed and the currents in the conductors 5,
and 6, are terminated, the magnetic core assumes the mag-
netic induction corresponding to the point 14. On the
other hand, when said magnetic induction corresponding
to the point 14 is previously given to the magnetic core
16, the magnetic induction of said core pulsates merely
along the enclosed curve 27 shown in Figure 11, so that
said core retains the magnetic induction corresponding to
or near the point 14 even when the currents in the above
conductors are disconnected. If the magnetic core 1 is
impressed with the magnetic field such as shown by Figure
10(d), the magnetic core 1¢ will retain the magnetic in-
duction corresponding to or near the point 16 in Figure 11.

The other magnetic core coupled with the conductor 5,
is excited by both the current having a frequency fa and
the current having a frequency f,. Similarly, the other
magnetic core coupled with the conductor 65 is excited by
both the current having a frequency f; and the current
having a frequency f,. However, the positive and nega-
tive amplitudes of the resultant magnetic field caused by
two kinds of said currents are alike unless the fact that
the difference between said two frequencies is relatively
little and there is no integral ratio between said two
frequencies.

All of the other magnetic cores except magnetic core
15 and the above-mentioned two kinds of the magnetic
cores are excited by only the current having frequency
of f, and flowing in the conductor 25. Accordingly, all
of the other magnetic cores except the magnetic core 14
can not be recorded at all and can not be varied in their
previously applied magnetic induction.

For the reproduction of the signals recorded in the
reactive storage elements such as shown in Figure 9,
any suitable means may be adopted. However, for the
simplification of the apparatus may be preferably used the
system in which, like the recording case, any one con-
ductor is selected by the circuit selectors 22 and 23 and
this selected conductor is applied with reproducing signal
currents having the frequencies f and f;. In this case,
since in the magnetic cores coupled with the above-
mentioned two conductors is induced a pulsating mag-
netic field having a frequency (fa—f3), EM.F. having a

frequency of (f;—f;) will be superposed in the E.M.F.

induced in the conductor 25.
The positive or negative amplitude of the last-men-
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tiotiéd current bécomes larger than the negative or posi-
tive -amplitude thereof in accordanmce with the magnetiza-
tion polarity of the magretic core. That is to say, the
phiase of the EM.F. component having a frequency of
(fz-—fs_fl) contained in the E.M.F. which has been
ifiduced in thé conductor 25 shifts by 180° in accordance
with the stored signals of the magnetic core. Accord-
ingly, it is p0551b1e to amplify the output mforma’uon
sighal indiicéd in the conductor 25 by means of using
4 parametron as the information source 24. A part of
the oscillation ctirrént which has been amplified by said
parametron flows through the conductor 25, so that said
clirrent can carry out any signal recording operatlon by
cooperation with the reproducmg signal currents in the
condictors 3 and 6.

The apparatus shown in Figure 12 is a modification of
the apparatus shown in Figure 9, but in the former is used
férro-eleciric bodies having hysteresis characteristics as
the storage elements. In said apparatus, the électric con-
ductors (tapes) § and 6 and the storage element 21 are
same with those described in connection with the appa-
ratus in Figure 8.

- In the apparatus shown in Figure 12, the output infor-
mation current from the signal source 33 which corre-
sponds to the information signal source 24 in Figure 9, is
st.pphed to the circuit selectors 28 and 29 and then super-
posed to the currents having the frequencies f» and f3
whxch are supplied to the conductors 5 and 6.

in thé apparatus shown in Figure 12, the réactive
storage element 21 may be substituted by such maggetic
coré element as shown in F1gure 1.

The systems illustrated in Figures 9 and 12 and em-
ploying three kinds of currents are particularly effective
for the case in which the form of hysteresis loop of the
storage element is nearly same with a rectangular form
and for serial type computer in which recording and re-
producing speeds are relatlvely low.

As described above in connection with the embodl-
meats, the present inveaticn relates to a digital memory
system in which reactive storage clement having hysteresm
characteristics is used as the unit storage element, infor-
mation recording is carried -out by giving magnetic re-
sidual induction or electric residual induction correspond-
1ng tG thé binary information to said elément by means
of applying an information signal of bmary phases and a
certain récording signal having constant phase and fre-
quERCy y to said element. In the reproduction of the stored
signal in said system a certain alternating current is ap-
plied to the element having the information signal stored
by said residual induction and the second harmonic cur-
rent the phase of which-shifts by 180° in accordance with
said residual induction is.induced in said element, whereby
the stored signal is reproduced.

Therefore, according to the digital memory system of
the present invention, it is p0551ble to carry out a record-
ing operation by directly applying the output information
sxgnals of ihe parametron to the reactive storage element
or to carry out control of the oscillation phase of the
parametron by chrectly applying the reproduced output
information signals to said parametron. Consequently,
when the sysiem of the present invention is applied to
any electric digital computer which utilizes parametrons,
very simple apparatus will be obtained. However, by
use of apparatus capable of converting a direct ¢urrent
impulse signal into an alternating current of binafy phase
and By use of apparatus capable of comverting said cur-
rent into direct currént sigial, the system of ‘the present
invention may be utilized for the digital computer or
other various apparatuses .

The original pomt in the hysteresis loop characterlstlc

of the residual induction has a ‘symmietrical character.
On-the other-hatid, in the system of the present invention
signal storing is carried out directly in accordance with
the' polarity of the residual induction withott storing the
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information signals in accordance with the magnitude of
the polarized residual induction.

In summary, it will be apparent to one skilled in the
art t6 which the instant invention relates that a binary
femory §ystem has been disclosed employing reactive
storage clements which do not rely om a rectangular
hysteresis loop characteristic for successful operation,
but relies on whether the residual point 14 or 16 of the
hysteres1s loops of Figs. 2, 7, and 11 are above or beneath
the origin point. 0. It Wlll alsc be apparent that by
¢mploying this principle, memory operations can be per-
formed even when the residual inductance is less than
the magnétizing force cortesponding to the saturation
point.

Accordlngly, it is possible to store the binary informa:
tion in the perfectly symmetrical form, so that reproduc:
tion will be effectively attained so long as the polarity
¢an be distinguished éven when the residual induction
atteniuates.

Obviously many modlﬁcatlons and variations of the
instant invention are possible in the light of the above
teachings. It i§ to be understood therefore that within
the scope of the appénded claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. In a binary d1g1t information &torage system, the
combination, comprising a plurality of nonlinear circuit
elements, each having a hysteresis loop relationship be-
tween the electro-magnetic field applied thereupon and
the electromagnetic induction thereof, and being capable
of storing one binary digit in accordance with the polarity
of the electro-magnetic residual induction thereof; at
least one parametrically excited resonator - coupled
electrically with said monlinear circuit elements, the
reactance of said resonator being varied at about twice
the resonant frequency of said resonator, said resonator
generating a ¥4 subharmonic oscillation of the paraineétric
oscillation, and the binary digit to be recorded being
represented by the phase difference of said parametric
oscillation; means for applying to said nonlinear circuit
elements at least one A.C. recording signals having a con-
stant phase and constant frequency, said frequency being
different from the oscillating frequency of said resona-
tor; and meais for recording the electro-magnetic residual
induction in said nonlinear circuit elements in a manner
that the binary information stored in said nonlinear cir-
cuit elemeénts ‘is- teprodiced in accordance with the
oscillation phase of said resonmator by application of a
component wave to said- tesonator for controlling the
oscillation phase thereof, said applied wave having a
frequency equal to the escillation frequency of said res-
onator and shifted in phase by 180° in accordance with
the .polatity of the residaal induction, -and said wave
being generated when said A.C. recording signal alone is
impressed upon said nonlinear circuit element.

2. A digital storage device comprising a plurality of

- nonlinear reactors each having an hysteresis characteris-

60

70

i

tic related to the electromagnetlc field supplied thereto
and each storing one binary digit in accordance with the
polarity of the électromagnetic residual induction thereof,
a source of information signals having a frequéncy f;
means for connecting éach of said reactors with said
sonrce of information signals, a source of auxiliary signal
enérgy having a frequency different from the frequency

- f of the information signals, means for connecting each

OF said reactors with said sotirce of auxiliary signals, the
input of -the information into each said- reactor being
effected by applying two. signals to each reactor, one of
the signals being the said information s1gna1 having its
phase modulated by substantially 180° in accordance
with the digit to be stored and the other signal being. the
auxiliary s1gna1 having constant phase, said source of in-
formation signals including ‘a source of exciting ‘eflergy
of frequency 2f, a source of weak control signal energy
of frequency 7, and ‘an output resonant cir¢uit ‘having ‘@
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Substantially resonant frequency f and including means
for varying its resonance frequency, means to connect
said source of exciting energy to said output resonant
circuit through said resonance varying means, and means
to connect said source of weak control signal energy to
said output resonant circuit whereby an oscillation of
frequency f is generated in said resonant circuit and the
phase of said oscillation is controlled by the phase of the
weak control signal when the generated oscillation is
restarted after interruption.

3. The invention as set forth in claim 2, wherein the
auxiliary signal energy has a frequency of f/2.

4. The invention as set forth in claim 2, wherein the
auxiliary signal energy comprises two sinusoidal A.C.
waves, the beat frequency between the waves being equal
to the said frequency f.

5. A digital storage device as claimed in claim 2, in
which said plurality of nonlinear reactors are arranged
in a matrix form, said means for electrically connecting
each of said nonlinear reactors with- a source of in-
formation signal comprises column conductors, and said
means for electrically connecting each of said nonlinear
reactors with a source of auxiliary A.C. signal comprises
line conductors, whereby selection is effected by energiz-
ing a selected line conductor and a selected column con-
ductor. )

6. A digital storage device as recited in claim 2, where-
in the said nonlinear reactors comprise ferromagnetic
cores.

7. A digital storage device as recited in claim 2, where-
in the said nonlinear reactors comprise ferroelectric
capacitors.

8. A digital storage device comprising a plurality of
nonlinear reactors each having an hysteresis characteristic
related to the electromagnetic field supplied thereto and
each storing one binary digit in accordance with the
polarity of the electromagnetic residual induction thereof,
a source of information signals having a frequency f,
means for electrically connecting each of said nonlinear
reactors with said source of information signals, and
means connecting each of said reactors with a source of
auxiliary A.C. signals having a frequency different from
that of the information signal frequency f, the recording
of the information into each of said reactors being ef-
fected by applying the two signals to each of said reactors,
one signal being the information signal the phase of
which is modulated by substantially 180° in accordance
with the binary digit to be stored and the other of the
signals being the auxiliary signal having constant phase,
and in which the reproducing of information from each
of said reactors is effected by discriminating the phase
of the component voltage of frequency f generated in
the reactors by applying the auxiliary signal thereto, an
output resonant circuit in said source of information
signals, the discrimination of phase being effected by
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applying the voltage component of frequency j to said
output resonant circuit in the source of information sig-

-mals as the weak control signal whereby the phase of

oscillation resulting in the output resonant circuit is
controlled by the stored information and the resonant
circuit supplies the recording signal and the amplification
of the output signal, the said source of information sig-
nals comprising an input exciting circuit for applying an
exciting wave of frequency 2f, means for applying a weak
control signal input of frequency f, said output resonant
circnit having a substantially resonant frequency f and
having means for varying the resonant frequency thereof,
said input exciting circuit connected to said output res-
onant circuit through said means for varying the resonant
frequency, and said weak control signal input being ap-
plied directly to said output resonant circuit whereby an
oscillation of frequency f is generated in the resonant
circuit and the phase thereof is controlled by the phase
of the weak control signal when said generated oscilla-
tion is restarted after interruption.

9. A digital storage device as claimed in claim 8, in
which the auxiliary signal has a frequency of f/2.

10. A digital storage device as claimed in claim 8, in
which said auxiliary signal comprises two sinusoidal waves
having a beat frequency equal to f.

11. A digital storage device as claimed in claim 8, in
which said plurality of nonlinear reactors are arranged
in matrix form, said means for electrically connecting
each of said nonlinear reactors with a source of informa-
tion signal comprises a series of column conductors, and
said means for electrically connecting each of said non-
linear reactors with a source of auxiliary A.C. signal
comprises a series of line conductors, whereby address
selection is effected by selectively energizing one line
conductor and one column conductor.

12. A digital storage device as claimed in claim 8, in
which said reactors are wired ferromagnetic cores.

13. A digital storage device as claimed in claim 8, in
which said reactors are ferroelectric capacitors.
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