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5,953,778
OFFICE CODE TRANSLATOR

Eugene S. Anderson, Newark, and Willis A. Budlong,
Morristown, N.J., assignors to Bell Telephone Labora-

tories, Incorporated, New York, N.Y., a corporation
of New York

Filed Sept. 21, 1956, Ser. No. 611,318
7 Claims. (Cl. 340—347)

‘This invention relates to code translators and more

particularly to such translators in which rectangular hys-
teresis loop magnetic cores are utilized as the active
translating elements.
- Over the past several decades, a wide variety of
data processing equipment has been developed in which
information has been handled in coded form. In cer-
tain data processing operations, information can be more
expeditiously and economically handled when presented
in a code of one type, whereas in other operations it may
be advantageous to present the information in a code of a
different type. Accordingly, it has been found desirable
to translate information from one code to another in a
variety of data processing applications.

In complex telephone switching systems, conversion
of data from one code to another is often made many
times while such data is serving its intended function,
and the subject-matter of this invention relates to a
translating device which advantageously converts data
from one of the well-known telephone switching codes
fo another. |

One basic object of this invention is to improve code
translators.

More specifically, an object of this invention is to
provide code translating apparatus that is economical,
rapid in operation and positive in functioning.

In accordance with one feature of this invention, a

plurality of rectangular hyteresis loop magnetic cores are

suitably disposed in an array and are each inhibitedly
biased in such manner that no core will be switched
from 1fs normal magnetic state unless all of its plurality
of activating windings are simultaneously energized.

In accordance with another feature of this invention
leads from the input terminals are selectively intertwined
through the magnetic core array in such manner that
any one combination of a predetermined number of leads
will be connected to all the activating windings on but
one such core. |

In accordance with yet another feature of this inven-
tion, a read-out lead is passed through each core and
is activated during each translating cycle, thereby to
switch back to its initial condition any core that may
have been changed from its original magnetic state.

In accordance with still another feature of this inven-
tion, a winding from each core is individually connected
~ to a separate output terminal, thereby to provide paths
over which a change in the magnetic condition of each
core may be detected.

The invention and the above noted and other features
thereof will be more fully understood from the follow-
ing detailed description with reference to the accom-
panying drawing in which:

Fig. 1 is a schematic diagram of a simple embodiment
of the invention;

Fig. 2 is a block diagram of one embodiment of the
mvention; |

Fig. 3 is a block diagram of an alternate embodi-
ment: | f

Fig. 4 is a B-H diagram showing the rectangular hys-
teresis loop of a representative core; |
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Fig. 5 sets forth in detail the arrangement of windings
of the cores in Fig. 1; |

Fig. 6 depicts similar details relating to the ¢ores in
Figs. 2 and 9;

Fig. 7 depicts similar details relating to the two-out-
of-five to decimal code translators of Figs. 3 and 10:

Fig. 8 sets forth similar details relating to the triple-
coincidence thousand-point code translator of Figs. 3
and 11;

Fig. 9 is a schematic diagram of the embodiment of
Fig. 2;

Fig. 10 is a schematic diagram of the A, B and C
two-out-of-five to decimal code translators shown in
Fig. 3;

Fig. 11 is a schematic diagram of the triple-coincidenc
thousand-point code translator of Fig. 3; and |

Fig. 12 is a schematic diagram of a representative
type of apparatus that is effective to respond to magnetic
core output pulses.

Now referring to Fig. 1, it will be noted that a two-out-
of-five to one-out-of-ten code translator is therein de-
picted diagrammatically. Information may be presented
to the translator in the well-known two-out-of-five code
i which form it is introduced into the translator by
grounding two of the five input terminals. A correspond-:
ing one of the ten output terminals will be activated
by an electrical signal derived from one of the ten mag-
netic cores 1n the manner now to be described.

All magnetic materials possess a characteristic known
as hysteresis. According to this characteristic, the mag-
nitude of magnetic flux induced within the material by
a given magnetomotive force may be different depending
upon whether the magnetomotive force has been most
recently increased or decreased. In certain types of
magnetic materials, this difference is substantially negli-
gible, whereas in others it may be of considerable mag-
nitude. = Rectangular hysteresis loop cores fall within
the latter category, and as can be seen from the curves
of Fig. 4, may be in either of their two extreme states
while coerced with certain values of magnetomotive force.
For example, a core, if set, i.e., magnetically saturated at
the upper limit (Fig. 4), will remain in the set condition
while the coercive force H is varied from one-half to
zero, and if normal, i.e., magnetically saturated at the

lower limit (Fig. 4), will likewise remain in the normal

state while the coercive force is varied from zero to one-
half. This property, ie., hysteresis, has been advan-
tageously utilized in a variety of applications in which
cores are used as memory devices. In the embodiment
of Fig. 1, the cores are biased at the—1 NI point and
therefore will not be changed to the set state until a
positive coercive force of approximately 2 NI is applied.

In telephone switching apparatus one of the most
widely utilized codes is that identified by the name “two-
out-of-five.” According to this code, each digit 0 through
9 1is represented by two-out-of-five conditions, the five
conditions for sake of convenience being denominated 0,

1, 2, 4 and 7. The following table sets forth decimal
numbers and their code equivalents.

Two-out-of-five

Decimal number: equivalent
O e e 4 and 7
e e 0 and 1
2 e e 0 and 2

e e e e 1 and 2
. 0 and 4
e J 1 and 4
B e e e - 2 and 4
T e e et e e e e e O and 7
< J 1 and 7
e e e e e e e e e et e e o e e 2 and 7
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Referring again to Fig. 1, it will be noted that there
are depicted therein ten magnetic cores numbered 0-9,
five input terminals numbered 0, 1, 2, 4 and 7, five leads

connected to the input terminals and selectively threaded
through the cores, ten output terminals numbered 0-9,

one biasing lead 1036 (I), one read-out lead 1037 (RO),
a source of activating potential 1038 and a source of
biasing potential 1038. As hereinbefore stated, ground-
ing of any pair of input terminals is effective to switch
one and only one of the cores from its- normal state to
its set state, the particular core thus afiected being rep-
resentative in decimal code of the information repre-
sented by the pair of grounded input terminals.

In Fig. 5 there is depicted in detail a representative one

of the cores of Fig. 1. Four leads are shown passing
through the core, the four being as follows: a conductor
denominated 0 which is connected to the No. O mput
terminal (Fig. 1); a conductor denominated 1 which is
connected to the No. 1 input terminal (Fig. 1); a biasing
lead denominated I; and a read-out lead denominated
RO. In addition, there is an output winding which is
provided for sensing changes in the core magnetic state.
The core is biased at the —1 NI point (Fig. 4) by cur-
rent that flows in the bias lead. Each of the two input
Ieads 0 and 1, when energized, induces a magnetomotive
force of -1 NI; and the read-out lead, when energized,
induces a magnetomotive force of —2 NI.
» Returning now to Fig. 1, any pair of the input termi-
nals may be selected and grounded. If, for example,
terminals 0 and 1 are those chosen, it will be apparent
that two paths will be extended from ground through
certain of the cores to the source of activating potential
1038. The first path may be traced from ground (not
shown) through terminal 0 and thence over conductor
1040 through magnetic cores 1, 2, 4 and 7 to the source
of potential 1038. The other path may be traced from
ground (not shown) through terminal 1 and thence over
conductor 1041 through magnetic cores 1, 3, 5 and 8 to
source of potential 1638. It is especially significant that
of the cores traversed by leads 1040 and 1041, only
magnetic core 1 is traversed by both, although the leads
individually traverse cores 1, 2, 3, 4, 5, 7 and 8. Since
the current that flows in each of the grounded mmput leads
induces a positive magnetomotive force of 1 NI, it 1s
apparent that only in magnetic core 1 will the input leads
induce a total magnetomotive force of +2 NI, and that
therefore only core 1 will be switched from its normal
to its set remanent state.

The selected core will remain in the set remanent state
until either the selected terminals are disconnected from
ground or until the read-out lead 1037 is energized. In
the event the input leads are disconnected, the resultant
magnetomotive force will revert to —1 NI (the bias
force alone), and the core will be changed from the set
to the normal magnetic state (Fig. 4). If, instead, the
read-out lead is activated, the magnetomotive force of
—2 NI induced by current flowing therethrough will
change the resultant force from |1 NI to —1 NI, thereby
switching the core back to the normal state. FEither of
these alternative methods may be effectively utilized to
reset a switched core to its normal state.

The aforementioned changes in magnetic flux within
the selected core are effective to induce two pulses in the
output winding thereof. The first of these pulses is
induced by the change in flux that occurs when the core
is switched from the normal to the set state, whereas the
other is induced by the change in flux that occurs when
the core is switched back to normal. These two pulses
are of different polarity and may be utilized to operate
any one of the devices well-known in the art such as the
device of Fig. 12 which is fully explained below.

It is now apparent that the grounding of any pair of
jnput terminals will result in the switching of a corre-
sponding one of the magnetic cores, and it will therefor¢
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be noted that the circuits of Fig. 1 are effective to tfrans-
late information from the two-out-of-five to decimal
code.

Now referring to Fig. 2, it will be noted that a single
stage sextuple-coincidence translator is therein depicted
in block diagram form. Information may be presented
to the translator in the well-known two-out-of-five code
according to which A, B and C digit information (corre-
sponding to hundreds, tens and units, respectively) is
introduced by grounding a total of six leads, two being
grounded in each of the three groups of five. A corre-
sponding one of the 1000 output terminals will be acti-
vated by an electrical signal derived from a magnetic core
in the manner hereinafter described.

In Fig. 9, the schematic diagram of the embodiment
of Fig. 2, twenty rectangular hysteresis loop cores are
shown together with representations of 980 others. In
addition, there are shown fifieen input leads segregated
into three groups of five each; one read-out lead 1002
(RO), one biasing lead 1603 (I), 1000 output leads
numbered 000-999, and suitable sources of bias and acti-
vating potentials 1001 and 1013. The three groups of
input leads are identified A (H), B (T) and C (U), re-
spectively, the letters A, B and C being well-known
telephone switching designations, and the letters H, T
and U representing the words “hundreds,” “tens” and
“nnits,” respectively. These leads are grouped into cables
for purposes of clarity in depiction, the cables being
represented by heavy dashed lines.

The source of biasing potential 1001 is poled in re-
verse to the source of activating potential 1913. In the
simple diagram of Fig. 9, as in other figures, the activat-
ing, bias and read-out leads are all shown passing through
the cores in the same direction in order to add clarity to
the diagram, thereby requiring that oppositely poled
sources of potential of different magnitudes be provided
as hereinafter explained more fully below. However, a
single source of potential could be used and the leads
oppositely connected to windings of differing numbers
of turns to effect the same operative result.

A detailed diagram of a typical one of the 1000 cores
of Fig. 9 is shown in Fig. 6 wherein the core is depicted
as an annular member 1014 through which are projected
two “A” leads, two “B” leads, two “C” leads, cne RO
(read-out) lead and one I (biasing) lead. An output
lead 1015 is wound about the core ring 1614. Although
in practice all of these leads might be wound several
times around the core or connected to windings mounted
thereon, for purposes of clarity they are depicted in all
the figures as passing therethrough to add clarity.

In operation, the core of Fig. 6 is normally biased
with a magnetomotive force of —5 NI (see Fig. 4) In-
duced by current fiowing through the f lead 1832 from
a source (not shown). Each of the six ABC leads will
provide a counter magnetomotive force of 41 NI when.
connected to a source of current (not shown). Accord-
ingly, if all six ABC leads are thus connected, the result-
ant magnetomotive force induced in the core ring will
be +1 NI (—5-16=--1) and the core will be switched
from its nmormal to its set remanent state, thus inducing
an electromotive force pulse in the output winding 16183,
However, if fewer than all six of the ABC leads are acti-
vated, the resulting magnetomotive force will be 0 or
negative and will not change the core magnetic state.

In the event the core of Fig. 6 is switched to 1{s set
remanent state, it may be reset to its normal condition
either by interrupting the flow of current in the ABC
leads (in which event the bias current will be suflicient
to switch the core to its original state) or by activating
the RO (read-out) lead £33 with current of bias polarity
and 2 NI magnitude. When the core changes from the

set to the normal condition, an additional pulse is In-

duced in the output winding 1¢15.
Now returning to the embodiment of Fig. 9, it will be
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noted that the aforementioned RO (read-out) and I
(bia§) leads pass through each of the thousand cores
shown and represented therein, whereas the fifteen ABC
input leads are interlaced through the cores in such man-
mer that each core is distinctive according to the combi-
nation of six such leads that pass therethrough. Each
core is, therefore, representative of the three digit num-
ber represented by the two A digit, the two B digit and
the two C digit leads that pass therethrough. For ex-
ample, the core numbser 000 is traversed by six leads
identified 4747477. ‘These six leads are representative in
the aforementioned two-out-of-five code of the digits 0,
0 and 0, respectively.

Further reference to Fig. 9 discloses that the arrange-
ment of the activating leads follows a characteristic plan
according to which each pair of the five A digit leads
1s passed through 100 consecutively mumbered cores.
Thus, for example, A digit input leads 4 and 7 pass
through cores’ numbered 000-099, leads 0 and 1 pass
through cores numbered 100-199, leads 0 and 2 pass
through cores numbered 200-299, leads 1 and 2 pass
through cores numbered 300-399, . . . and leads 2 and
7 pass through cores numbered 900-999. Thus, the two
A digit leads which represent a given decimal number
are passed through the 100 cores whose identifying num-
bers begin with the represented decimal digit.

The B digit input leads, i.e., the tens leads, are ar-
ranged somewhat differently but are nevertheless
threaded in pairs through the 100 cores identified by
numbers containing the represented second digit. For
example, B digit leads 4 and 7 are threaded through the
100 cores numbered 000-009, 100-109, 200-209, 300—
309, . . . and 900-909. Similarly, the B digit pairs 0
and 1,0 and 2, 1 and 2, 0 and 4, 1 and 4, 2 and 4, 0 and
7, 1 and 7, and 2 and 7 are passed through the 100 cores
identified with numbers having second digits of 1, 2, 3,
4, 5, 6, 7, 8 and 9 respectively.

The C digit leads, i.e., the units leads, are still differ-
ently arranged. These leads are extended in pairs
through cores whose last identifying number digit is rep-
resented thereby. Thus, for example, C digit leads 4 and
7 are passed through cores numbered 000, 010, 020, 030,
040, . . . 090, 100, 110, 120, . . . 190, 200, . . . 900,
910, 920, . . . and 990.

It should now be apparent that, as hereinbefore stated,
~each core is not only distinctive with respect to the com-
bination of leads passing therethrough, but that the leads
are specifically representative, in one code, of informa-
tion represented by the identifying designations accorded
the cores. In this specific illustrative embodiment, the
first code is the well-known two-out-of-five code, and the
designations given the cores are decimal numbers from
000 to 999.

In operation, information is presented to the transla-
tor by grounding a pair of leads in each of the three
groups of A, B and C conductors, thereby switching the
one core 1dentified by the selected ABC digit number. If,
for example, the AQ, B0, and C5 lead pairs are grounded
(i.e., A leads 4 and 7, B leads 4 and 7, and C leads 1 and
4), core No. 005 will be switched from its normal to its
set remanent state (Fig. 4) and an output pulse will be
mduced in core 005 output winding 1008.

The remaining 999 cores wiil be retained in their nor-
mal magnetic states because, as set forth above, all six
of the aforementioned leads pass through but one of the
cores which, in this illustrative example, is core 005. Al-
though a number of cores within the array are traversed
by five of the six selected leads, the resulting magneto-
motive force of 0 NI (—54-5=0) is insufficient (Fig.
4) to switch them to the set remanent state.

The translator may be reset to its original condition
in the manner hereinbefore described, i.e., by either un-
grounding the six grounded leads or by activating, i.e.,
-grounding, the read-out lead 1002 through control ap-

- paratus (not shown). The flow of current within the
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read-out winding induces a magnetomotive force which
tends to aid the bias flux and which, added thereto, is
of sufficient magnitude to overcome the setting flux,
thereby switching the set core back to its normal state.
The resulting change in flux induces an additional pulse
in the output winding 1008; and since the polarity of this
pulse 1s opposite to that of the previous pulse, i.e., the
pulse induced in response to the setting of the core, it
can be differentiated therefrom, if desired, by any one of
the polarity-recognizing devices well-known in the art.

Any one of the remaining 999 cores may be similarly
switched by grounding the six input leads which are re-
lated thereto, and it can therefore be seen that transia-
tion of information is effected from a three digit two-
out-of-five code to a three digit decimal code. r

The thousand output leads of Fig. 9 may be individual-
ly connected to pulse-responsive devices similar to the
device of Fig. 12 (which will hereinafter be described in
detail) or to any one of the many other pulse utilization
circuits well-known in the art.

in the apparatus of Fig. 3, translation is effected in two
stages. The first stage individually translates three digits
from two-out-of-five to decimal code, and the second
stage, 1.e., the triple coincidence thousand point transla-
tor, completes the translation by converting the three
separate decimal digits to one corresponding three digit
decimal number. The first stage of translation which,
as mentioned above, is perfermed by the circuits of Fis.
i0, is accomplished in an identical manner by each of
the three two-cut-of-five to one-out-of-ten translators de-
picted therein. Accordingly only the A digit translator
will be described in detail.

The three two-out-of-five to decimal code translators
of Fig. 3 are depicted schematically in Fig. 10 and are
shown to each comprise twelve magnetic cores, ten re-
sistor-asymmetrical current device pairs, suitable sources
of activating potential, current limiting resistors, and in-
terconnecting circuitry. |

In a manner similar to that in which information is
presented to the translator of Fig. 9, information is pre-
sented to the translators of Fig. 10 by grounding two leads
in each set of five input leads that comprise the A, B and C
daigit groups. However, the translators of Fig. 10 differ
in principle of operation from that of the translator of
Fig. 9 in that whereas the selected core in the Fig., 9
array 18 swiiched from one state to another and the re-
maining 999 cores remain in their previous condition, the
selected core in each of the three Fig. 10 translators re-
mains unchanged and all of the other cores are switched.
Accordingly, it will be noted that the input leads which
traverse the cores are those which are numerically un-
related thereto. This characteristic can perhaps be more
clearly understood from an examination of the core of
Fig. 7 which is representative of each of the thirty trans-
lating cores of Fig, 10.

In Fig. 7, it will be noted that the core is traversed by
four leads, namely, a read-out lead and three A, B and C
digit leads. No biasing lead is provided, and the only
remaining conductor shown is the output winding 1016.
It will be apparent, therefore, that activation of any one
of the three digit leads will serve to switch the core from,
one of its two settable states to the other, provided the

directicn of current within the activated conductor is ap-
propriately poled. o

Now returning to Fig. 10, it will be noted that the ten
cores of the A digit translator are each similar to the
core of Fig. 7 except that lead designations are set forth

and connections to the read-out and output windings are
showi.

Since activation of any one of the digit leads will serve
to switch any core traversed thereby, it is immediately
apparent that the two leads related to a given core are
intentionally omitted therefrom. For example, neither
lead 4 nor lead 7 passes through core 0, whereas one or
the other of them passes through each of the remainder,
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Similarly, one-or the other of leads 0 and 1 passes through
all -of the cores except core 1. It will therefore be seen
that grounding any two of the five A digit input leads
(through control apparatus, not shown) will resuit in the
switching of all A digit cores except the one only which
representative of the decimal digit number expressed by
the two selected leads. After the nine cores in each group
have been switched, the digit-representing input leads are
ungrounded by the control apparatus and the digit re-
mains registered in the cores until subseqguently read out.

The information which has been stored in the cores
in the form of a switched condition of all but the selected
one may be effectively utilized subsequently by switching
the nine set cores back to the normal state. This may be
accomplished by completing a path for appropriately
poled current through the read-out lead £¢17 and wiil re-
sult in a current output pulse onlv at the one terminal
associated with the aforementioned selected unset core
in the manner hereinafter set forth.

A gate relay 1018 may be used for control of the read-
out phase of translation and, when operated, a path will
be completed frem ground over the No. 1 contacts thercof
to the A stage read-out conductor (817 through resistor
1067, and thence serially through all ten of the A stage
cores {0 a common terminal of each of the asymmetrical
current device resistor pairs which are associated with the
cores. Ten separate paths are provided from this com-
mon terminal through the resistor asymmetrical current
device pairs, over the A stage cable 1812 and thence
through the triple colncidence translator of Fig. 11 to
negative battery 1023.

Gate relay 1618 is operated by any suitable control ap-
paratus (not shown) after the afcrementioned nine cores
have been swiiched and after the two grounded input
leads have been disconnected. The nine cores are there-
fore switched back to their normal conditicns by the
read-out lead current previously mentioned, and a corre-
sponding pulse is induced in each of the nine output
windings. Inasmuch as the polarity of these output
pulses back-biases the nine connected asymmetrical cur-
rent devices, no current will flow therethrough during the
pulse interval. However, in the output winding of the
selected core, no pulse is induced, since no switching ce-
curs, and therefore current will flow from battery 102¢
through the triple coincidence translator and thence over
the path previously described, through the oanec resistor-
asymmefrical current device pair associated with the
selected core, and thence through lead 1017 and commeon
load resistor 1887 to ground at gate relay 16138, It is
therefore seen that an output pulse is conducted only
over the one output lead associated with the unswitched
COTe.

Subsequent to the decay of the pulses induced in the
output windings, all ten resistor-asymmetrical current
device pairs will conduct current of nominal magnitude
until the circuit is broken by the deactivation of gate re-
lay 1018. However, the magnitude of the current thus
flowing in each of the ten resistor-asymmetrical current
device pairs 1s substantially less than the magnitude of
current which fiows through the single sslected resistor-
asymmetrical current device pair at the time of switching,
the reason for this being that the voltage of battery 1428
1s redistributed across the common load resistor 1297
(Fig. 10) and the resistor of the single conducting pair
during the pulse interval. The triple coincidence trans-
lator parameters are selected to discriminate between
these magnitudes so as to effectively raspond only to the
larger.

A separate two-out-of-five code check circuit is pro-
vided for each of the three translators of Fig. 10, and
each comprises a pair of cores 1921 and 1§22, Core 1627¢
is permanently biased by current flowing from battery
1023 over the obvious path, and sufficient magnetomotive
force is thereby induced to prevent switching -of the core
‘unless three or more of the leads 0, 1, 2, 4 and 7 arc
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grounded. Accordingly, a pulse induced in the core out-
put winding denotes a code error which consists of the
activation of an excessive number of input leads, 1.e., three
Or MOTre.

Core 1822 recognizes the code error which consists of
the activation of an insufficient number of leads. The
five input conductors 0, 1, 2, 4 and 7 are poled to retam
the core in its normal magnetic state. During the interval
in which the input leads are grounded, check relay 1034
is operated by any suitable apparatus (not shown) and
a path is completed from ground through the No. 1 con-
tacts thereof and thence over conductor 1§24, through A
stage core 1022, and thence through resistor 1823 to nega-
tive battery. Current flowing over this path is poled to
switch the core to its set state and is of sufficient magni-
tude to overcome the opposing magnetomotive force in-
duced by the input leads unless two or more of such 1nput
leads have been grounded. Accordingly, core 1922 will
be set and a pulse will appear at its output winding ter-
minal only if fewer than two input leads have been
erounded. It will thus be apparent that a pulse induced
in the output winding of either core 2821 or 1§22 evi-
dences a code error and may be used by any one of the
devices well-known in the art to prevent further transla-
tion or utilization of the processed information (Fig. 3).

Although the two-out-of-five to decimal code trans-
lators depicted in Fig. 10 have been explained by way
of illustration specifically directed to the translator of
the A digit, it will be observed that the two remaining
translators, i.e., the B and C digit translators, therein
represented are identical to the A digit transiator with
respect to their structure and mode of operation. There-

fore, information which is presented to the three trans-

lators by grounding the appropriate pair of input con-
ductors in each of the A, B and C digit groups, is trans-
lated into a pulse-activated condition of one of the ten
conductors in each of the three output groups. The three
output pulses are conducted over individual leads 1n the
A, B and C cables to the correspondingly numbered in-
put conductors of the triple coincidence translator of
Fig. 11 in which, as hereinbefore stated, an additional
translation function is accomplished whereby the one
core which represents the selected A, B and C digit num-
ber 1s activated.

Operation of the translator of Fig. 11 is similar to
that of Fig. 9, except that in the latter, information 1s pre-
sented by grounding six conductors, whereas in the forms-
er, information is presented by pulsing three conductors
with pulses obtained from the two-out-of-five to one-out-
of-ten translaters. Accordingly, in the representative il-
lustration of Fig. 8, only one A digit, one B digit and one
C digit lead are shown traversing the core; and the bias-
ing lead will induce a magnetometive force of —2 NI
instead of —5 NI. The input conductors (Fig. 11) are
intertwined through the cores in such manner that all
of any selected three will fraverse no more than one
core, the single core which is traversed thereby being
identified with the three digit number corresponding to
the selected A, B and C digits. Thus, for example, the
A digit lead 0 will traverse each of the cores numbered
000-099. The A digit lead 1 will traverse each of the
cores numbered 100-199 . . . and the A digit lead 9 will
traverse each of the cores numbered 900-999.

The arrangement of the B digit leads is correspondingly
different but follows the same gencral principle. For
example, the B digit lead 0 traverses ecach core identi-
fied with a three digit number having 0 as the middie
(i.e., tens) digit. Thus, B digit lead 0 traverses cores
. and 900-909.

The C digit leads are still differently arranged but
again follow the same general principle of arrangement.
For example, each C digit lead is laced through the
cores which are identified with a three digit number hav-

ing the represented C digit in the units position. Thus,
C digit lead O traverses cores numbered 000, 010, 020,
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030 . .. 090, 100, 110 ... 190, 200 .. . 900, 910,
920 . . . 990. |

As hereinbefore described with respect to the trans-
lator of Fig. 9, each of the thousand cores of Fig. 11 is
equipped with an output winding which is individually
connected to a terminal (not shown) from which con-
nections may be made to any one of the suitable informa-
tion-utilizing circuits well known in the art. One type
of such known utilization apparatus is depicted in Fig.
12 and comprises a simple gas tube circuit which is fired
by the pulse received from an activated core.

The pulse received from a core output winding is
passed through direct-current blocking capacitor 1026
and thence through the gas tube load resistor 1027 to
the starter electrode of gas tube 1028, thus providing an
instantaneous voltage of magnitude sufficient to cause
ionization of the gas and therefore result in a relatively
heavy flow of current from the plate 1029 to the cathode
1035 and thence through relay 1030 to ground, thereby
-operating relay 1030. The gas tube circuit of Fig. 12
may be subsequently reset by operating the release relay
1031 from any suitable externmal circuit (not shown).

While we have illustrated our invention by particular
embodiments thereof, said invention is not limited in its
application to the specific apparatus and particular ar-
rangement therein disclosed. Various applications, modi-
fications and arrangements of the invention will readily
occur to those skilled in the art. For example, 10,000
cores could be arranged in an array embodying the prin-
ciple of Fig. 9, and four decimal digit-representing leads
could be utilized to represent one of the 10,000 digits,
thereby to effect translation of a four digit number.
Additionally, translation could be readily effected be-
tween codes other than those herein illustrated. Further-
more, the bias leads could be eliminated if the coercive
force induced by each activating lead were made sub-
stantially equal to the force required to switch the core
divided by the number of such core-traversed leads.

The terms and expressions which we have employed
in reference to the invention are used as terms of de-
scription and not of limitation, and we have no intention
in the use of such terms and expressions of excluding
equivalents of the features shown and described or parts
thereof, but on the contrary, intend to include therein
any and all equivalents, modifications and adaptations

which may be employed without departing from the spirit
of the invention. / -

What is claimed is:

1. A code translator comprising a plurality of input
terminals representative, in combinations of pairs, of val-
ues expressed in a first code, means for activating said
terminals in said combinations, magnetic core translat-
ing means connected to said input terminals and rendered
effective by the activation of said combinations of pairs
for translating said values expressed in said first code
into corresponding values expressed in a second code,
other magnetic core translating means connected to said
magnetic core translating means and rendered effective
by the translation of said values from said first code to
said second code for translating said values in said sec-
ond code into corresponding values expressed in a third
code, and error detecting means connected to said trans-
lating means operable on the receipt of values expressed
other than in combinations of pairs for rendering said
other translating means ineffective.

2. Apparatus according to claim 1 in which said other
magnetic core translating means comprises an array hav-
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ing one magnetic core for each value in said third code.

3. Apparatus according to claim 2 in which each mag-
netic core in said other array is inhibitively biased to
one of two stable states.

4. A apparatus according to claim 3 in which each
of said magnetic cores is connected to said magnetic core
translating means over a plurality of paths selectively
representing the identity of said each of said cores in
said second code.

5. A code translator circuit comprising first magnetic
core translating means for translating values expressed in
a first code into corresponding values expressed in a
second code, second magnetic core translating means
for translating said values in said second code to corre-
sponding values in a third code, means for transferring
said values from said first translating means to said second
translating means, said transferring means including a
read-out winding linking each core of said first trans-
lating means, an output winding on each of said cores of
said first translating means, said output windings being
connected in parallel with each other and all serially con-
nected to said read-out winding, a dicde serially con-
nected to each of said output windings, lead means con-
nected to each of said diodes and linking the magnetic
cores of said second translating means in accordance with
the desired translation between said second and third
codes, a source of potential, and means coanecting each
of said lead means to said potential source whereby said
output windings on said first translating means cores, said
diodes, and said lead means linking said second trans-
lating means cores provide a plurality of parallel paths
between said read-out winding and said potential source,
said output windings and diodes being arranged so that
switching of each of said first translating means cores but
one causes induced electromotive forces in each of said
cores but said one to reverse-bias said diodes causing out-
put current to flow only in the path including said ocutput
winding of said one core and the lead means connected
thereto, the current flowing in paralle] through all of said
output windings and lead means connected thereto on
cessation of said induced electromotive forces being in-
sufficient to cause switching of said second translating
means cores, and error detecting means connecting to said
first translating means and operable on receipt of values
expressed in other than said first code. |

6. A code translator circuit in accordance with claim
5 wherein said first code is an m-out-of-n code and com-
prising input windings linking said first translating means
magnetic cores such that for any particular value repre-
sented by an output from: a particular core at least one of
said m input leads links every other core of said first
transiating means but said particular core.

7. A code translator in accordance with claim 6
wherein there are a plurality of said first translating
means, said second code being a one-out-of-x code and
said third code being a one-out-of-y code, vy being con-
siderably larger than x. |
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