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This invention relates, broadly, to systems for
storing and subsequently reproducing informa-
tion, represented by electrical current -of char-
acteristic value. | ) |

One. embodiment .of .the invention resides in a
system for storing what may be termed ‘“on-oif™
information as to the occurrence. or non-occul-
rence of a predetermined eflect, & simple example
being the closure of a door, momentary overload
of an electric power circuit, and countless others,
and subsequently determining and indicating the
stored information. = - o

Another embodiment resides in electrical sys-
tems, such as computing srrangements, machine
switching telephone systems, and the like, in
which information, such as numerical digits in
the form of electrical current of characteristic
value, is initially stored and later translated to
effect any desired control. For.example, machine
switching telephone systems having so-called
senders, are known in which the digits represent-
ing g called subscriber’s number are stored In con-
densers in which each digit 1S represented by the

-

amount of charge built up therein as fully de-

scribed in United States Patent 2,002,219, |

An object of the invention is fo simplify and
improve arrangements for storing information of
the foregoing character. o
A feature of the invention resides in employing
magenetic means for storing information repre-
sented by e_lectrica,lcurrent of characteristic value,
said means comprising an electro~-magnetic core
having a pair of series section, one of a material
readily magnetizable and demagnetizable and of
high permanent magnet qualities, and another of
high permeability and saturable at low flux den-
sities, means for magnetizing the first or perma-
nent magnet section in accordance with the value
of the electrical current representing
mation to be stored and to a degree sufficient to
more than saturate the second section, and in em-
ploying means for applying another magnetizing
force to the second section in opposition to the
magnetic field created by the magnetic condivion
of the first section to reduce and reverse the mag-
netic field therein, and further in employing
means to indicate the occurrence of such g re-
versal, | - |

Another and more specific feature resides in an
grrangement employing the magnetic means be-
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magnetizable, which core section is serially con-

nected with the second-core section which is highly

permeable and saturable at low flux densities. In
thig arrangement the stored information in the
form..of a maghetic condition of the core is de-
tormined and translated 1o control an automatic
switch -or other .selective mechanism by apply-
ing current, which increases at successive inter-
vals in uniform predetermined steps, 10 a wind-
ing -on the second or highly permeable section of
the core in such a direction as to decrease to Zero,
in equal steps, the magnetic field therein caused
by magnetization of the first core section and in
causing the immediately ensuing sharp flux re-
said applied current.
The number of current steps applied to the wind-
ing on the second core section to cause a flux re-
versal therein determines the numerical value oi
the digit stored which steps can be counted to
effect control of desired mechanism. |

“The invention will. be understood from the fol-
1owing.description when read in connection with
the accompanying drawings:

Fig. 1 of which shows In schematic form & por-
tion of an operator’s key-set for recording digiis
of a wanted subscriber’s line number and means
according to the present invention for storing ana
later translating the stored information into elec-

. trical impulses to control any desired selective

mechanism; | |
g, 2 is a typical B-H curve of the magnetic
storing means and, |

Fig. 3 shows an arrangement of the invention

~for storing and subsequently reproducing so-

35

the infor-

40

rent, i. e., battery. B and a

called “on~off” information.

Referring to the drawing, Fig. 1, keys { to 18
have digital values 1 to 0, respectively, accords
ing to conventional practice, which .keys are con-

nected in series with individual resistances il to

a source of direct cur-
“steering-in” switch 2.

Resistances {{—20 are of different values, re-
sistance {1 having the greatest value thereby re-
stricting the.current therethrough to the lowest

29, respectively, between

D value and resistance 20 is of the least value thereby

60

fore described for storing digital information in

which the digital (current) value of .a depressed
key of a key-set is impressed on the section of
the magnetic core. having high permanent mag-
net properties and readily magnetizable and de-

b6b

passing current .of a predetermined maximum
value. | |
The contact terminals of steering-in switch 21
are connected to windings W1 of individual mag-
netic structures 22, 23, etc. there.being one such
structure for each digit to be stored. For eX-
ample, in an.exchange where. a SEVen digit. code
is employed, seven such magnetic structures would
be required. | -
‘structures 22, 23, etc. comprise & composite core
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of magnetic material, one portion 24 of which is of
material having high permanent magnet proper-
ties and capable of being readily magnetized and
demagnetized, and another portion 25 in series
with the first portion being composed of g mate-~
rial which has high permeability and saturates
sharply at a low flux density.

The high permeability sections 25 of struc-
tures 22, 23, etc., each have two windings W2 and
W3. The W2 winding of structure 22 being con-
nected to the first terminal of one bank of g
steering-out switch 26 and the W2 winding of
structure 23 being connected to the correspond-
ing No. 1 terminal of s, second bank of the switeh.
Other structures similar to 22 and 23 for storing
other digits of the code would have the Wi wind-
Ing connected to other terminals of switch 21 and
their W2 and w3 windings to succeeding termi-
nals of switch 28. |

The contact arms of switch 26 are connected
to means, hereinafter described, for electrically
determining and translating the code stored in
the magnetic means 22, 23, ete.

Referring to Fig. 1, the operation of the system
according to the invention will now he described:

Before the system ig placed in service the core
portions 24 are first given an initial magnetizg-
tion in a direction opposite to the direction
caused by operation of one of the digit keys 1-10,
This may be done by causing relay 36 to momen-
tarily operate to apply a negative force y (Rig,
2) to the cores 24 which Is sufficient to magnetize
cores 29 t0 a point a beyond saturation (see curve
O to a). When relay 36 releases the flux density
does not decrease to zero but returns to a point
b which becomes the starting point for the first
magnetization of the core by operation of g digit
key which we may assume applies a positive force
T to extend the curve through ¢ to d. When the
key is released the curve descends to e which is
the effective value of the stored digit. It will be
assumed for purposes of description that the first
two digits of the code required to establish the
desired connection with s called subscriber is 29
and therefore an operator desiring to transmit
this code will first depress key 2 whereupon cur-
rent which is a function of the value of resist-
ance 2 is applied by steering-in switch 21, in its
first position, to the winding W1 of the magnetic
structure 22 thereby magnetizing its core section
22 to a degree determined Py the value of resist-
aitce [2, whereupon the core section 25 in series
therewith will immediately become saturated.

When key 2 is released the steering-in switch
2§ will advance, under control of means not
shown to its second position. Operation of key
8 following operation and release of Key 2 now
applies current, which Is & function of resistance
{9, to the Wi winding of magnetic structure 23
OVer switch 21 now standing in the second posi-
tion, whereupon the magnetic core 24 of struc-
ture 23 will be magnetized to a degree determined
by the current passing through resistance {9
which will be considerably greater than that of
the magnetization of core section 24 of structure
22 established by operation of key 2. Core sec-
tion 25 of structure 23 Now also becomes saturat-
ed due to the magnetization of itg companion
core section 24.

In case the called number code comprises fur-
ther digits, additional magnetic structure simi-
Iar to 22 ang 22 are necessary and are connected
in a like manner between switches 21 and 26 and

magnetized in accordance with successive oper-
avions of the keys { to 0.
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desired digits are stored, 2 and 9 in
€Xample, means (not shown) causes
periodically connect ground Impuises
over back contacts of relays 28 and 29 to relay
30 thus causing that relay to alternately oper-
ate and release. During the released period of
relay 30, condenser 31 is charged in an obvious
circuit from battery B3 and when relay 30 oper-
ates the charge on condenser 31 is transferred to
condenser 32 thereby establishing a definite po-~
tential on the grid of vacuum tube 33 and caus-
Ing plate current due to this grid potential, to
flow in winding W2 on the saturated core section.
25 of storage device 22 in a direction to create g
magnetic field therein which is in opposition to
the field due to the degree of magnetization
stored in the corresponding core section 24
When relay 30 releases condenser 3{ is discon-
nected from condenser 32 and reconnected to the
charging source B3. The charge on condenser
32 however maintaing the grid of tube 332 Posi-
tive and the plate circuit continues to pass cur-
rent through the winding of W2 during the in-
terval relay 30 is released.

On the next operation of relay 30 the renewed
charge on condenser 3| IS transferred to con-
denser 32 thereby increasing its potential and
that of the grid of tube 33 to cause an increase
in the opposing flux in core section 25 of the stor-
age device 22, which it is assumed is now suffi-
cient to reduce the magnetic field therein, dye to
the magnetized section 24, to zero and to cause g
sharp flux reversal to occur therein which is suf-
ficient to induce g surge of current in the W3
winding which is applied to the contro] electrode
of the gas-filled discharge device 34 to cause it
to fire and operate relay 28 which now opens, at
its back contacts, the circuit for relay 30 and
stop its periodic operation.

It will be noted that two cycles of operation
and release of relay 30 were required to cause g
flux reversal in core section 25 of the storage de-
vice 22 and operation of relay 28, and conse-
quently by means of the Ieft-hand contacts
relay 30, two groung pulses were transmitted
over conductor 35 to g counting or pulsing cir-
cuit. As soon as the Information (digit 2) stored
In magnetic structure 22 and translated into two
sround pulses over conductor 359, means (not
shown) advances steering-out switch 26 to its
second position and momentarily operates relay
29 thus opening its right-hand contacts to insure
against false operation of relay 30, closes its con-
tacts 37, to completely discharge condenser 32
and opens its contacts 38 to restore tube 34 and
release relay 28. When relay 29 releases and 21
again operates, the pulse operation of relay 30
and the step-by-step neutralization of the stored
field in core 25 of magnetic structure 23 starts.
Due to the fact that the core section 24 of this
structure was masgnetized to a gregter degree
than the corresponding section of structure 22
due to the Iower values of resistance 19, nine suc-
cessive operations of relay 30 are required to re-
duce and reverse the field in this section and
therefore nine sround bulses are transmitted to
the counting cireuit over conductor 35

The foregoing oberational sequence continues
until the entire stored code or number has been
translated into groung bulses over conductor 35
whereupon the steering switches will be restored
to their first position by means (not shown) and
relay 36 will bhe momentarily operated to de-
magnetize all of the storage devices in readiness
for further use. See joint b in PFig. 9.
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The means for recording and reproducing “on-
off” information shown in Fig. 3 is merely a
simplified arrangement of the foregoing de-
scribed svstem for recording digital information
shown in Fig. 1. Due to the fact however that the
“on” information to be stored may be represented
by current of a single predetermined value it 18
only necessary to apply a reversing current to
the winding W2 of such a value as to reduce
and reverse the flux in the core section 25 to
fire the gas-filled device 34 to give any desired
indication of the recorded effect.

In case there has been no occurrence (“on”
information) recorded at the time the register
winding W2 is energized there will be no flux
reversal to fire the device 34 and hence no indi-
cation of an occurrence of the effect will be
given. |

What is claimed 1is:

1. In a system for storing and subsequently
reproducing information represented by electrical
current of characteristic value, a composite mag-
netic core comprising serially joined sectlons
one being of high permanent magnet properties
and ancther highly permeable and saturable at
low fiux densities, means for causing said In-
formation current to magnetize said core, mag-
netizing means for causing a flux reversal in
the permeable material section, and means for
measuring the value of the magnetizing force
required to effect said reversal as an indication
of the information stored.

2 Tnformation storage and reproducing system
comprising a composite magnetic core, serially
including a section having high permanent mag-
netic properties and readily magnetizable and
demagnetizable, and another section of highly
permeable material capable of saturating at low
fiux density, means for characteristically mag-
netizing the first section in accordance with the
information to be stored and to a greater degree
than that necessary to cause magnetic satura-
tion of the second section, other maghetizing
means for reducing and reversing the magnetic
condition of the second section and means for
indicating the magnetic force required to effect
said reversal as a measure of the information
stored. |

3. Tn a system for storing and subsequently
reproducing information represented by elec-
trical current of characteristic value, means ior
storing said information comprising a composite
magnetic core having serially joined sections one
of readily magnetizable and demagnetizable ma.-
terial of highly permanent magnei properties
and another of highly permeable properties and
saturable at low flux densities, means for mag-
netizing the highly permanent section of said
core, in accordance with the value of the current
representing the information to be stored, to
magnetize the highly permeable section beyond
saturation, means for applying a magnetizing
force, which iné¢reases in value in successive steps
of equal value, to the highly permeable section
in opposition to the direction of the flux therein
caused by the magnetized condition of the per-
manent magnet section and means responsive to
9 flux reversal in the permeable section to dis-
continue application thereto of said magnetizing
force and to cause an indication of the number
of steps required to cause said fiux reversal.

4. In an information storing and reproducing
system, storing means comprising a composite
magnetic core having a section of high perma-
nent magnet properties, readily magnetizable
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and demagnetizable, in series with a highly per-
meable section saturable at low flux densities,
means for magnetizing the first section to a de-
cree characteristic of the information to be
stored and sufficient to more than cause satura-
tion of the second section, and means for trans-

lating and indicating the stored information com-.
prising means for magnetizing the second sec-
tion in an opposite direction to the flux therein,
to a degree sufficient to cause a reversal of said
flux, and means for measuring the magnetizing
force applied to said second section to cause said
reversal as an indication of the characteristic
degree of magnetization of the first section.

5 In a system for storing and subsequently
reproducing identifying information consisting
of electrical impulses of characteristic strength,
a, transformer having a composite magnetic core
serially including material having high perma-
nent magnetic properties and readily magnetiz-
able and demagnetizable and highly permeable
material which saturates at low flux density,
means for applying said information impulse to
magnetize the high permanent magnet portion
of said core, means for applying electrical cur-
rent in periodically increasing steps to create a
magnetic condition in the permeable material
portion of the core in opposition to the condi-
tion caused therein by magnetization of the per-
manent magnet portion, and means responsive
to a reversal of flux in said permeable portion
to discontinue application of said successively
increasing current and to register the number

of current steps required to cause said flux re-
versal as an indication of the stored informa-

tion. |

6. In a sender for controlling the setbing of a
selector switeh, a transformer having a core
serially including magnetic material section of
different characteristics, one being readily mag-
netizable and demagnetizable and having high
permanent magnet properties and another satur-
able at low flux density and of high permeability,
means for selectively magnetizing said first core
section to an intensity which is a function of the
desired switch setting to cause a magnetizing
force to be applied to the second section which
is ereater than that required to cause saturation
therein, step-by-step means for causing a flux
reversal in the second section, means responsive
to said flux reversal to stop said step-by-step
means and means for controlling said selector
switech in accordance with the number of steps
required to cause said flux reversal.

7 In g sender for controlling the setting of a
selector switch, a plurality of keys each corre-
sponding to a different setting of sald switch, a
transformer serving as a register and comprising
g, core serially including a first section of magnetic
material having high permanent magnet prop-
erties and readily magnetizable and demagnetiz-
able, and a second section of highly permeable
material which saturates gt low flux densities,
windings on each of said sections, means respon-
sive to operation of any one of said keys for ener-
gizing a winding on the first section of the core
to magnetize said section to a degree which is &
function of the key operated and more than suffi-
cient to saturate said second core section, means
for applying a periodically increasing electric
potential, in uniform step-by-step increments,
to g first winding on the second core section in
such g direction as to create an increasing mag-
netization effect therein in opposition to the

effect thereiﬁ due to the magnetization of the
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first core section to cause g flux reversal in the
second core section, means including a second
one of the windings on said second section re-
sponsive to a reversal of flux therein to discon-
tinue application of said reriodically increasing
potential, and means for controlling the setting
of said selector switch in accordance with the
numbper of potential steps applied to the firsg
winding on the second core section.

d. A system for storing and subsequently re-
producing information represented by electric
current whose value is g function of the informa,-
tion to be stored, characterized by an electromgag-
net having a composite core of serially joined sec-
tions of different magnetic properties one section
being of material readily magnetizable and de-
magnetizable and of high permanent magnet
properties and another of highly permeable mate-
rial saturable at low fdux densities, by means of
applying said information current to said core
for establishing a magnetic condition therein of
a degree characteristic of said current, by means
for causing a Aux reversal In said core, and by
means respensive to said reversal for indicating
the current value of the stored Information.

9. A system for storing and subsequently re-
producing informsation represented by electric
current whose value is a function of the informag-
tion to he stored, characterized by an electro-
magnet having g composite core of serially joined
sections of different magnetic properties, one
section being of material reacily magnetizabie
and demagnetizable gnd of high permanent mag-
net properties and another of highly permeabie
material saturable at low fAux density, means for
applying the infermation current to the first sec-
tion to create a magnetic condifion therein effee-
tive to cause g saturating condition in the second
section, means for decreasing, step-by-step, the
magnetic condifion of the second section to cause
a [ux reversal therein, and means responsive to
such flux reversai to stop and register said steps.

10. In a machine switching telephone system,
a senaer for controliing the seuting of a selector
switch, comprising means for storing informag-
tlon characteristic of the desired switch setting
and means for supsequently reproducing and
translating said stored Information to control
Sald switch, said storing means comprising an
electromagnetic core having serially joined sec-
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tions having different magnetic properties, one
section being of a material readily magnetizable
and demagnetizable and of hich permanent mag-
net properties and another of highly permeable
material saturable at low flux densities.

11. In an information storage and reproducing
device, an electromagnet having a core serially
comprising a section of material of high perma-
nent magnet properties and readily magnetizable
and demagnetizable and another section highly
permeable and saturable at low flux densities,
means for magnetizing the permanent magnet
section to a degree representing the information
to be stored, means for magnetizing the highly
permeable section in opposition to the magnetic
force due to the permanent magnet section, means
responsive to a flux reversal in the highly perme-
able section, and means for evaluating the oppos-
ing force required to effect said reversal as a
measure of the information stored.

12. In a device for storing and subsequently
translating informstion represented by electrical
currents characteristic of the Information to be
stored, 5 composite magnetic core comprising two
serially joined sections one of high permanent
magnet properties and readily magnetizable and
demagnetizable and the other section highly
permeable and saturable at low flux densities,
means for causing said information current to
magnetize the permanent magnet section to es-
tablish a saturated condition in the highly per-
meable section, means for applying a magnetizing
force to the highly permeable section in opposi-
tion to the force due to the permanent magnet
section to cause a filux reversal in the highly
permeable section and means responsive to and
conirolled by said reversal of flux t0 evaluate
the opposing force required to cause said reversal
as a measure of the information stored.

THOMAS L. DIMOND.
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