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26,607
DIGITAL CODING AND TRANSLATING SYSTEM
Carl P, Spaulding, San Marino, Calif., assignor, by mesne
assignments, to Giannini Controls Corporation, Duarte,
Calif., a corporation of New York
Original No. 3,165,731, dated Jan. 12, 1965, Ser. No.
415,058, Mar, 9, 1954. Application for reissue Feb. 21,
1968, Ser. No. 709,151
Int. CL. HO41 3/00; GOG6f 5/00
U.S. Cl 340—347 43 Claims
Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention has to do broadly with the transforma-
tion of data between analogue and digital forms,

An important object of the present invention is to pro-
vide apparatus capable of receiving data in analogue form
and of producing a corresponding output in digital form.

As the input analogue variable passes continuously
from one digital value to the next, the output must shift
from one digital representation to the next, without the
possibility, even momentarily, of giving a spurious result.

One potential source of such a spurious output arises
when the digital output is expressed in a digital code,
such, for example, as the common or Arabic decimal
code, in which the symbols representing two or more
digits may change simultaneously between adjacent ex-
pressions,

In accordance with the present invention, such difficul-
ties are avoided by the use of digital codes of such type
that only one symbol changes at a time. Codes of that
type are denoted genmerically as “syncopic” codes. Such
codes are sometimes referred to as *cyclic” or “mono-
strophic” codes, More precisely, digital number codes are
syncopic if the code configurations that represent two suc-
cessive numbers differ only in the state of one digit.

An important object of the invention is to provide con-
venient means for transforming data from analogue form
into the form of a syncopic digital code. A further object
of the invention is to provide means for transforming
data expressed in terms of a syncopic digital code into
the form of a common digital code, such, for example,
as ordinary Arabic decimal notation, in a form well
adapted for practical utilization,

The invention is further concerned with the provision
of syncopic digital codes that are particularly useful for
the described purposes.

It is advantageous that such syncopic codes be as sim-
ilar as possible to the Arabic decimal code, and that the
rules for conversion of information between the syncopic
code and the common code be simple and convenient in
application so that such conversion may be made mental-
ly without undue difficulty. The syncopic code is prefer-
ably of such a nature that the mechanism required for
antomatically translating it to the common digital code
may be as simple and economical as possible.

The invention is particularly effective and useful with
relation to a common digital output in the form of ordi-
nary Arabic decimal notation; and it will be described pri-
marily with relation to systems and codes particularly
adapted for such use, but without implying any necessary
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limitation of the scope of the invention to that particular
type of common digital code.

One aspect of the invention is concerned with the rep-
resentation of Arabic decimal numbers by a syncopic deci-
mal code. Particularly useful illustrative types of syncopic
decimal code are provided in which each digit may assume
10 distinct values in one instance, and 18 distinct values in
another, Each such value is denoted by a distinct code
symbol. The very nature of a syncopic code requires, how-
ever, that the correspondence between the syncopic sym-
bols (whatever their number) and the Arabic figures that
they represent cannot be entirely unique. An important
feature of the invention is the discovery of particularly
convenient and effective types of correspondence that may
be used and that lead to economical instrumentation.

In accordance with the invention, translation of each
Arabic decimal digit into the corresponding syncopic
decimal digit requires, at least in certain instances, ref-
erence to the decimal digit of next higher significance. A
particular object of the invention is to facilitate that ref-
erence by limitation of the scope of the information that
must be so obtained, That required information prefer-
ably consists of an answer to the single question whether
the decimal digit of next higher significance is even or
odd. In the preferred codes of the invention, two dis-
tinct types of correspondence are employed for relating
the syncopic decimal symbols and the Arabic decimal fig-
ures which they represent. One of those types of corre-
spondence is used when the Arabic decimal digit of next
higher significance is even, and the other type of corre-
spondence is used when that Arabic digit is odd. The
quality of a number that determines whether it is even or
odd is referred to as its parity. Therefore translation in
either direction between an Arabic number and its rep-
resentation in such a syncopic decimal code requires, with
respect to each decimal digit, reference to the Arabic digit
of next higher significance to determine its parity, and
then translation of the digit itself in accordance with the
type of correspondencs required by that parity.

For convenience of description, and with reference to
any digit, the parity of the digit of next higher significance
{which, in conventional notation is always the preceding
digit) will be referred to as the “preceding parity” of the
digit in question. It is emphasized that, in the presently
preferred types of code, translation in either direction be-
tween Arabic and syncopic decimal code requires refer-
ence to the parity of the preceding digit as it appears in
Arabic, not in syncopic, notation. That is to be understood
whenever the preceding parity of a digit is mentioned,
but may be further emphasized by the more complete ex-
pression “preceding Arabic parity.”

A further aspect of the invention is concerned with the
mechanization of syncopic codes by means of a system
which comprises a suitable number of physical code ele-
ments, each capable of more than one stable state. Each
Arabic decimal number within the range of the
system corresponds to, and is uniquely represented by,
a particular set of states of the code elements of the
entire system. That correspondence defines, by reference
to the sequence of decimal numbers, a definite order of
the corresponding sets of states of the code elements.
Those sets of code element states have the important
property, since the code is syncopic, that any two con-
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secutive sets of states differ from each other only in the
state of a single code element. That code element will
be designated for convenience of description as the “crit-
ical code element” for that particular pair of consecutive
sets of states, The two consecutive Arabic decimal num-
bers to which those two sets of states correspond may
differ only in the value of the digit of least significance,
which is then the critical digit for the two Arabic num-
bers; or may differ in the values of two or more digits,
all of which will then be designated as “critical digits”
for that pair of consecutive numbers.

It is convenient to mechanize the code by physical ele-
ments having only two alternative states. Physical ele-
ments of that type are particularly reliable and economi-
cal. Moreover, many large-scale digital computers work
in a binary coded decimal system. Accordingly, it is pre-
ferred to represent each digit of the syncopic decimal code
by four or more binary digits, the values of which are di-
rectly indicated by the respective states of corresponding
physical code elements of binary type. The resulting
representation may be characterized as a syncopic binary
coded decimal representation of the Arabic numbers.

Many varieties of physical elements of binary type are
available, including, for example, electrical contacts that
may be open or closed, gas tubes that may be conducting
or non-conducting, relays that may be energized or non-
energized, and magnetic cores that may be magnetized
or unmagnetized. The invention may utilize physical
code elements of many types, including those enumerated,
the physical state of each code element indicating the
value of the corresponding binary digit. The two alter-
native values of each bindary digit, and also the two alter-
native stable states of the corresponding physical code
element, will be indicated arbitrarily by the symbols x
and o, When one state of the code element involves the
flow of electric current or the closure of a circuit, and
the other does not, the former state will ordinarily be
indicated by x and the laiter by o, but without implying
any limitation upon the scope of the invention.

A further important aspect of the invention is the pro-
vision of particularly convenient and effective means for
generating such a binary coded decimal representation
of the Arabic numbers that correspond, for example, to
definite successive ranges of position of a movable physi-
cal element. The movement of such an element may be
of many types, including, for example, rotary and trans-
lational, and may be produced in any known manner,
ordinarily in direct correspondence to the variation of
some physical quantity to be indicated. The resulting
binary code representation of the position of the physical
element may then, for example, be recorded directly on
punched tape for later use as may be required.

And the invention further concerns means for automat-
ically translating a syncopic code representation of the
binary type described into the common Arabic number
code. Such translating means includes means for deter-
mining the preceding Arabic parity for each syncopic
decimal digit, and for utilizing the resulting information
to produce correct translation of the binary code ele-
ments representing that digit.

Binary codes that are syncopic but fail to provide any
direct representation of decimal digits have been de-
scribed, for example in United States Patent 2,405,617,
issued on August 13, 1946, to F. J. Singer et al. Such
codes are entirely distinct from those of the present in-
vention, in which the syncopic property is combined with
a direct correspondence between groups of binary code
elements and respective Arabic digits. Patent 2,405,603,
issued on August 13, 1946, to R. D. Parker et al., dis-
closes a system that has some elements in common with
the present invention, but that provides only rudimentary
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translating means that cannot present the Arabic number 75

4
in digital form, and hence are impractical for numbers
having more than two Arabic digits.

A full understanding of the invention and of its further
objects and advantages will be had from the following
description of certain illustrative embodiments, of which
description the accompanying drawings are a part. Many
changes can be made in the particular arrangements and
structures of those embodiments without departing from
the scope of the invention, which is defined by the ap-
pended claims.

In the drawings:

FIG. 1 is a schematic perspective representing an illus-
trative linear generating means for a syncopic code of
one illustrative type;

FIG. 2 corresponds to a portion of FIG. 1 at enlarged
scale;

FIG. 3 is a schematic plan of the commutator layout
of FIG. 1 at reduced scale;

FIG. 4 is a schemtaic block diagram representing an-
other illustrative type of code generating means and a
preferred illustrative type of code translating system;

FIG. 5 is a schematic circuit diagram representing il-
lustrative circuitry for the system of FIG. 4:

FIG. 6 is a schematic block diagram illustrating an
aspect of the circuitry of FIG. §;

FIG. 7 is a schematic block diagram representing an-
other illustrative type of code translating system;

FIG. 8 is a schematic circuit diagram representing il-
lustrative circuitry for FIG. 7;

FIG. 9 is a schematic diagram representing a further
modification;

FIG. 10 is a schematic elevation of an illustrative ro-
tary generating means for code of another illustrative
type;

FIG. 11 is a section on line 11—11 of FIG. 10;

FIG. 12 is a section on line 12—12 of FIG. 10;

FIG. 13 is a schematic block diagram representing an-
other illustrative code translating system;

FIG. 14 is a schematic circuit diagram representing
illustrative circuitry for FIG. 13;

FIG. 15 is a schematic circuit diagram representing
modified code translating circuitry; and

FIG. 16 is a schematic block diagram illustrating an
aspect of the circuitry of FIG. 15.

In an illustrative preferred type of syncopic decimal
code in accordance with the invention, each digit may
assume just ten distinct values, each of which represents
one Arabic figure when the preceding Arabic parity is
even, and tepresents another such figure when that parity
is odd, the sum of those two figures being, in every in-
stance, equal to nine. When the sum of two numbers is
nine, each is said to be the 9's complement of the other.
Thus, each symbol of the present type of syncopic decimal
code represents a definite Arabic figure when the preced-
ing Arabic parity is even, and represents the 9°s comple-
ment of that Arabic figure when the preceding Arabic
parity is odd.

In writing such a syncopic code it is convenient to
represent the ten syncopic digit values by symbols that
are identical with the respective ten Arabic figures 0
through 9 that they represent in accordance with a selected
one of the two defined types of correspondence. The
type of correspondence employed illustratively will be that
which obtains when the preceding parity is even. In that
illustrative notation, the present type of syncopic decimal
code appears as shown in Table 1, and will be referred to
as Code L In that table certain selected Arabic numbers
are entered in column 1, with the corresponding Code I
representations jn column 2. The code representations
corresponding to other Arabic numbers will be evident
from those given explicity in the table.
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TABLE 1 A generalized rule for converting any Arabic decimal
Codel number to the corresponding representation in Code I is
Syncopic Binary Code as follows: starting with the most significant Arabic digit
Ambie | Pocople _ and progressing to the right, each Arabic digit that is
?, ? 3, « o - - - -
Number | Code W ahm | g ° preceded by an even digit is copied directly; each Arabic
ABCD | ABCD | ABCD digit that is preceded by an odd digit is replaced by its
9’s complement. (The Arabic digit of greatest signifi-
0 0 X000 X000 X000 . . .
% é XX00 cance is considered to be preceded by a zero, and is there-
0X00 . .
3 3 0xx0 10 fore always copied directly.) To convert from the syn-
4 4 . . , .
5 5 posia copic representation to the corresponding Arabic num-
‘75 g b ber: proceeding again from left to right, copy the syncopic
3 H 2000 e code symbol directly whenever the preceding Arabic digit
5 . H
15 was even; write down the 9’s complement of the syncopic
10 19 1X00 X00X N . .
}é %i; xxox code symbol whenever the preceding Arabic digit was
OXaX
13 16 oxxX odd.
14 15 00XX N . . . .
%g }3 g%g 20 Another illustrative syncopic decimal code in accord-
ig 1% 0x00 ance with the invention is shown in the second column of
1 XX00 .
19 10 xX00 X000 Table 2, and will be referred to as Code II. The repre-
2 2 0%00 X000 sentation of the Arabic figures 0 to 2 in Code II is iden-
2 2 0x00 xx00 o5 tical with that in Code I, already described. Moreover,
gg %‘3 g’;gg ;gg; 2 when the preceding Arabic digit has one parity, illustra-
30 3 oxx0 x00X tively taken as even, the Arabic figures 1 through 8 are
31 38 0Xx0 XX0X . . .
also repreesnted in Code II in the same way as in Code
98 01 X000 X00X XX00 R . .
99 90 X000 X00X X000 I, namely, by the same symbols as in Arabic notation.
100 190 XX00 X00X X000 . . ..
101 191 XX00 %00% XX00 30 However, when the preceding Arabic digit has the other
109 199 £X00 x00x %000 parity, illustratively taken as odd, Code II utilizes an ad-
e b xx00 xxoo X000 ditional eight distinct symbols to represent the respective
225 a7 ox%0 ox0x ooxx %5 gx'rablc(:i ﬁgg‘rcs .11 througl; 8. ('jl‘hos: eight ss;’mbols are l]n-
icated arbitrarily as a, c e n i .
433 436 00x0 0xx0 oxxx ¢ i ¥ P T & a d_ > respectively
Accordingly, Code II utilizes in all 18 distinct symbols.
449 490 00X0 X00X X000
500 590 00XX X00X X000
TABLE 2
Code IT
Syncopic Binary Code
oS
Arabice ecimal 100's digit 10's digi ’s di
git 's digit
Number Cods ABCDEFGHI | ABCDEFGHI | ABCDEFGHI
1] 1] 0000030000 000000000 Q00000000
1 1 X00000000
2 2 XX0000000
3 3 XXX000000
4 1 AXXX00000
5 ] XXXXX0000
8 6 XXXXXX000
7 7 AXXXXXX00
8 8 XXXXXXXX0
9 P 000600000 AXXXXXXXX
10 19 X00000000 XXXXXXXXX
11 1a OXXXXXXXX
12 ib QOXXXXXXX
13 1c O0DXXXXXX
14 1d 000OXXXXX
15 1o 00DOOXXXX
16 1f 000000XXX
17 1z 0000000XX
18 1h 00000000X
19 10 X000G0000 00000300
20 20 XX0000000 000000000
21 21 XX0000000 X00000000
28 28 XX0000000 XXXXXXXX0
29 29 XX0000000 XIXXXXXXX
30 39 XXX000000 XXXXXXXXX
a1 3a XXX000000 DXXXXEXXX
98 Sh 000000000 XXXXXXXXX 000DO000X
99 90 000000000 XXXXXXXXX 000000000
100 190 X00000000 XXXXXXXXX Q00000000
101 19a X0000000G0 XXXXXXXXX X00000000
109 199 XXXXXXXXX XXXXXXXXX
110 139 OXXXXXXXX XXXXXXXXX
111 laa OXXXXXXXX OXXXEXXXX
325 3b5 XXX000000 DOXXXXXXX XXZIX0000
433 43¢ AXXXOG000 XXX000000 QOOXXXXXI
499 490 XXXX00000 XXXXXXXXX 000000000
5§00 590 AXXXX0000 XXXXXXXXX 000000000
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It may be noted that Codes I and II both satisfy the
fundamental condition that the ten alternative values of
each Arabic digit are represented by one set of symbols
for even preceding parity and by another set of symbols
for odd preceding parity. In Code I those two sets of
symbols differ only in order, while in Code II they differ
both in order and in the symbols employed.

Furthermore, Code I satisfies the further condition
that the code symbol representing the Arabic digit value 9
in each set is the same as the symbol representing 0 in the
other set. In Code I that second condition follows from
the more stringent characteristic, already discussed, that
each code symbol represents one Arabic figure for even
preceding parity and represents the 9’s complement of
that figure for odd preceding parity. Codes having that
preferred characteristic constitute a sub-class of all codes
satisfying the two conditions just defined.

The representation of a decimal digit in binary form
requires the use of at least four binary digits. For ex-
ample, three binary digits can provide only eight dis-
tinct combinations of values. On the other hand, four
binary digits, or code elements, can provide 16 distinct
combinations of values, and there is a tremendous num-
ber of different ways in which ten distinct combinations
can be formed. However, for the purposes of the pres-
ent invention the further requirement is made that the
binary representation of the syncopic decimal code be
itself syncopic. That is to say, only one of the four (or
more) binary code elements may change state in passing
between the sets of states that represent any two con-
secutive values of the syncopic decimal digit. That re-
quirement is both necessary and sufficient to insure that
the entire set of binary code elements, considered directly
as a representation of a sequence of Arabic numbers,
shall constitute a syncopic representation of those num-
bers.

The requirement that the binary code be syncopic can
be satisfied with a binary code in which each set of code
element states corresponds uniguely to a definite symbol
of the syncopic decimal code. Two types of correspond-
ence, such as are required for representing the non-syn-
copic Arabic numbers in a syncopic decimal code, are
not requried for representation of the syncopic decimal
code in syncopic binary form. However, if the binary
code is considered directly as a representation of the
Arabic decimal numbers, then two types of correspond-
ence are involved, one of which obtains when the pre-
ceding Arabic parity is even, and the other when it is odd.

To facilitate mechanization of the system, as will be
described, a further important requirement is preferably
made in the binary code. That requirement concerns
the relation between the two sets of states of the binary
code-elements that represent any one Arabic figure in
accordance with the two types of correspondence, already
. described. It is preferred in accordance with the inven-
tion that those two sets of binary code element states be
transformable into each other in a simple and uniform
manner. Two specific illustrative relationships that pro-
vide such transformability will be described in detail.
In one, illustrated typically in connection with Code 1,
the binary code representation of any Arabic digit value
for one preceding parity is transformable into the binary
representation of that digit value for the other preceding
parity merely by inverting the state of a particular one

of the binary code elements. That particular code ele-

ment will be referred to as the parity code element.
Inversion of the state of that one binary code element
always transforms the code representation of an Arabic
figure for one parity into the representation of the same
Arabic figure for the other parity. Due to the described
9’s complement relationship of Code I, the same change
also transforms the code representation of one Arabic
figure (for any one parity) into the representation (for
the same parity) of the 9's complement of that figure.

In the other illustrative relationship, which will be il-
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lustrated in connection with Code II, transformation be-
tween the representations of any Arabic figure for even
and odd preceding parity is produced by inverting the
states of all the binary code elements corresponding to
the decimal digit in question.

In accordance with the invention, the first described
relationship may be satisfied in a binary representation
of Code I that employs four binary code elements for
each syncopic decimal digit by assigning to the parity
code element one of its states, say o, for the five syncopic
decimal digit values 0 through 4, and its other state, say
X, for the remaining five syncopic decimal digit values
5 through 9; and arranging the other three binary code
elements in a syncopic code that is symmetrical about the
transitions between those two groups of decimal digit
values.,

There are many distinct syncopic binary codes employ-
ing four code elements to represent each syncopic decimal
symbol and satisfying the conditions just defined. Any
one of those codes can be used effectively in connection
with syncopic decimal Code 1. It is preferred, however,
to avoid codes in which all four code elements may be
o (unenergized), since an important type of system fail-
ure also leads to that condition and therefore cannot
readily be identified as an error. Also, codes in which
all four code elements may be x (energized) are prefer-
ably avoided, thereby reducing the maximum power re-
quirement of the system by 25%. A binary four-element
code that satisfies those preferred conditions in addition
to the more fundamental requirements previously de-
scribed is shown illustratively in the right-hand portion
of Table 1. The four binary code elements corresponding
to each decimal digit are identified as elements A, B, C
and D. Element D is in each instance the parity code
element, the properties of which have already been out-
lined. That binary representation of Code I utilizes
just ten distinct combinations of values of each set of
four code elements, and those ten combinations cor-
respond uniquely to the respective ten symbols O through
9 of syncopic decimal Code I. They do not correspond
uniquely to the Arabic decimal digits, but are related
to them in the manner already described for the symbols
of syncopic decimal Code 1.

In the case of Code II, two of the syncopic decimal
symbols, namely 9 and 0, represent the Arabic figures
indicated by those same symbols when the preceding
parity is even, and represent the 9’s complements of those
figures when the preceding parity is odd. In that respect
Code II is identical with Code 1. But the remaining
Arabic figures 1 through 8 are represented by one series
of syncopic decimal symbols when the preceding parity
is even and by an entirley different series of symbols
when that parity is odd. Each of those symbols of the
syncopic code, whenever it occurs, therefore always rep-
resents the same Arabic figure. But the symbols of one
series (1 through 8) occur only when the preceding parity
is even, and the symbols of the other series (a through h)
occur only when the preceding parity is odd. Those two
series of symbols will be referred to for convenience of
description as the even and the odd series, respectively.

When such a code is represented by a binary syncopic
code, 18 distinct configurations of code element states
are required to represent uniquely the 18 different sym-
bols of the syncopic decimal code. Hence it is necessary
to employ at least five binary code elements for each syn-
copic decimal digit. An illustrative binary code for rep-
resentation of Code II is shown in columns 3, 4, and 5
of Table 2, and employs nine code elements for each syn-
copic decimal digit. In that binary Code II the syncopic
decimal symbol 0 is always represented by the binary
configuration in which all nine binary code elements are
in the state o; and the symbol 9 by the configuration in
which all nine binary code elements are in state x. As a
syncopic decimal digit progresses upward in value from 0
to 9, the binary code elements progressively shift from
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state o to state x, one code element shifting with each
step of the digit value. As the syncopic decimal digit
progresses from the value 9 through the valuesa,b . . . h
back to 0, the binary code elements shift progressively
back to o state, the order in which the elements shift be-
ing the same as before. That feature of progressive shift-
ing in both directions in the same order is an important
characteristic of the illustrated binary representation of
Code IL

Considering that binary code as a direct representation
of the Arabic decimal numbers (rather than of syncopic
decimal Code I1), each decimal digit value is sometimes
represented by one and sometimes by the other of two
binary configurations, each of which is the inverse of the
other in the sense that it is transformable into the other
by inverting the state of all nine code elements.

The illustrated binary representation of Code II has the
particular advantage that the value of the Arabic decimal
digit (except 9 and 0) represented by any configuration
can be read directly from the pattern of code states by
simply counting in order the number of code elements in
one state that are encountered before reaching the first
code element in the other state. For example, in the
unit’s column of Table 1 opposite the Arabic number 3, the
first three code elements are found in condition x; while
opposite the Arabic number 13, the first three code ele-
ments are found in condition o. That relation greatly
facilitates mental translation of the code. Moreover, it
may be desirable for some purposes to dispense entirely
with any automatic translating mechanism and to indicate
the binary code directly, for example by imprinting dots
on paper for code elements in one condition, with spaces
for elements in the other condition. Code II is well
suited for such indication, since the Arabic number rep-
resented can be read directly from the pattern of dots.

A particular advantage of binary codes of the type illus-
trated in Table 2 is that they may be generated by com-
mutator structures of a remarkably simply type. A pre-
ferred type of commutator for that purpose requires only
one commutator segment for every ten changes of digit
value that occur in the entire sequence of Arabic numbers
to be represented.

That same simplicity of commutator structure is avail-
able for producing a variety of binary codes, in which,
for example, the syncopic decimal digit values 0 and 9
are represented respectively by an arbitrary one of the
configuration shown in Table 2 and by its inverse. As an
example, the two configurations that represent the syn-
copic decimal values 5 and e in Table 2 may instead
represent the syncopic decimal values 0 and 9. Such a
code is indicated in fragmentary form in Table 3, only
the unit’s digit configurations being written out in binary
form.

TABLE 3
Syncopic
Arabic Syncopic Binary Code
Number {Decimal Code Unit’s Digit

1 1 XXXXXX000
2 2 XXXXXXX00
3 3 XXXXXXXXO
4 4 XXXXXXXXX
& 5 OXXXXXXXX
6 6 OOXXXXXXX
7 7 OOOXXXAXX
8 8 O00OOXXXXX
9 9 00000XXXX
10 19 00000KXXX
11 la GOO000XXX
12 1b GO00000XX
13 le 00000000X
14 1d 000000000
15 le X00000000
16 1f XX0000000
17 lg XXX000000
18 1h XXXX00000
19 10 XXXXX0000
20 20 XXXXX0000
21 21 XAXXXX000
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The binary code indicated in Table 3 involves more than
a mere rearrangement of the code elements from Table 2,
since the configurations that are repeated in the repre-
sentations of consecutive Arabic numbers (for example 9
and 10, or 19 and 20) are entirely distinct in the two
codes. The code of Table 3 does not, of course, offer
the same facility of mental translation that has been de-
scribed for binary Code II.

FIGS. 1, 2 and 3 show schematically a device for pro-
ducing a binary syncopic code of the type set out in
Table 2. That device, which employs a commutator
structure interacting with a plurality of brushes, may be
considered representative of other equivalent types of
structure, such as light diaphragms and photoelectric
devices, for opening and closing electric circuits in con-
trolled patterns of action. The commutator of the pres-
ent embodiment is illustratively shown for translational
rather than rotary movement. An elonpated table 30
is mounted, as in the ways 32, for longitudinal transla-
tional movement, and is driven in that movement by any
convenient driving means indicated schematically at 33.
Driving means 33 may be considered to move the table
in direct proportion to some physical quantity to be
measured or recorded, which may typically be the pres-
sure of a gas acting upon the table through expansion
of a conventional bellows, a temperature acting upon the
table through distortion of a conventional bimetallic
temperature responsive element, or the like. The upper
flat face of table 30 is of dielectric material and has
embedded flush with its surface rectangular commutator
segments arranged in longitudinal rows corresponding
respectively to the several decimal digits of the Arabic
numbers to be represented. As illustrated, segments 33
may be considered to correspond to the decimal unit's
digit and segments 34 to the decimal 10's digit. Addi-
tional rows of segments may be provided as required, two
rows being merely illustrative. As shown, the segments
of each row are electrically connected together by the
conductive stiip 36, and may be connected to ground or
to a source of electric power. The single brush 37,
which rides on strip 36, provides that connection for all
rows of segments, but separate strips and connections
for each row may be provided if required.

The commutator segments are engaged by a plurality
of electrically independent brushes corresponding respec-
tively to the several code elements of the system. The
nine brushes corresponding to each decimal digit are
mounted in position to engage the corresponding row of
segments. Those nine brushes are arranged in staggered
relation so that, as each segment moves under them the
brushes are first engaged and then disengaged in ordered
sequence and at uniform intervals of the movement of
table 30. The nine brushes corresponding to the unit’s
digit are indicated at 40, and those for the 10's digit at
42, mounted on fixed frame members 43 and 44, re-
spectively, Those frame members may be of dielectric
material, or each brush may be mounted in any con-
venient manner in insulated relation to a metal support
structure. Separate wire leads are provided for each
brush, and also for brush 37, but are omitted in the
figure for clarity of illustration. The brushes 40 are
schematically shown at enlarged scale in FIG. 2.

The dimensions of the segments measured transversely
of the table are such as to accommodate all nine brushes.
When the brushes are arranged in a strictly longitudinal
row, as is shown illustratively for brushes 42 correspond-
ing to the 10°s digit, that dimension may be relatively
small. The longitudinal dimension between centers of
adjacent segments, indicated typically at M for segments
33 in FIG. 2, is equal for each row of segments to the
length represented by 20 units of the corresponding
Arabic digit. For example, in a system intended to in-
dicate movement of table 30 in millimeters, the segments
corresponding to the decimal unit's digit would have a
dimension M of 20 millimeters, and the 10’s decimal digit
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segments would have a dimension M of 200 millimeters.
The actual length of each individual segment in a direc-
tion longitudinal of the table, indicated at N in FIG. 2,
is just half of M, and is therefore equal to the dielectric
space between segments,

For generation of binary Code II the nine brushes cor-
responding to each decimal digit are uniformly spaced
longitudinally of the table at intervals equal to N divided
by 10. Then for example, if a segment is considercd to
be divided transversely of the table into ten equal ele-
ments, the nine brushes can be centered respectively in
the first nine of those elements, leaving the tenth one
empty. Movement of the table one unit of distance,
equal to N/10, will then leave the first element empty
and will center the nine brushes respectively in the next
nine elements. In both of those positions all nine brushes
will contact the segment in question, and the movement
between those two positions therefore produces no change
in the configuration for that decimal digit. The result
is a “repeated configuration” such as occurs, for example,
in the unit’s digit for the two successive Arabic numbers
9 and 10, or 29 and 30 (see Table 2). A repeated con-
figuration of that sort necessarily occurs in the code rep-
resentation of any digit when a digit of higher significance
changes value,

As indicated in FIGS. 1 and 2, when the dimensions
M and N are small it is convenient to mount the brushes
in a straight row extending obliquely across the com-
mutator surface at such an angle that the conditions just
described are satisfied. For generation of the binary code
of Table 3, the brushes may be mounted similarly, ex-
cept that the interval between the fifth and sixth brushes
is doubled. If mounted as a diagonal row, there may be
an offset between the fifth and sixth brush, or the spacing
of those brushes in the direction of the row may simply
be made double the normal spacing.

It will be understood that the several rows of segments
and their corresponding brushes must be correctly phased,
so that, for example, any table position corresponding
to make or break a brush contact of any set (except that
corresponding to the digit of least significance) is the mid-
point of the range of table positions that produce a re-
peated configuration in the set of next lower significance.
Such phasing involves both the relative longitudinal posi-
tions of the segments of adjacent rows, and the relative
positions of the corresponding sets of brushes. Since
the brushes are more readily adjustable, it is preferred
to provide, as part of the brush mounting structure,
means for longitudinally adjusting each brush independ-
ently and also means for simultancously adjusting all
brushes of each sub-system. Since the phasing required
for the binary codes of Tables 2 and 3 are believed clear
from the tables, it has not been attempted to represent
the phasing with strict accuracy, FIG. 1. It will be noted
that in spite of the great difference in length of the coni-
mutator segments in the several rows, all working edges
must be positioned with the same degree of accuracy,
which is of the order of the spacing between brushes in
the set corresponding to the digit of least significance.

FIG. 4 is a schematic diagram illustrating another
type of system for generating binary Code II, and also
representing in block form a preferred type of code trans-
lating system. Three code elements sets X, Y and Z
are shown illustratively, corresponding respectively to
the 100%, the 10’s and the unit’s decimal digits of the
Arabic numbers to be represented. Those numbers cor-
respond to, and form a measure of, the rotary output of
a driving device, represented schematically at 52. The
output shaft of device 52, represented by the dashed line
53, is linked to three rotary commutators 50X, 50Y and
S0Z of the indicated sub-systems. Gear boxes, each of
which gives a speed increase of 10:1, are inserted in the
drive at 54 between 50X and 50Y and at 55 between 50Y
and 50Z so that when 50X makes one revolution 50Y
makes ten revolutions and 50Z makes one hundred revo-
lutions. Each commutator consists typically of a single
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180° conductive segment that engages progressively a set
of fixed contacts or brushes 56X, 56Y and 56Z that are
spaced at 18° intervals about the commutator axis. (For
purposes of description, each contact will be assumed to
be of negligible size. However, if all contacts have the
same angular extent, its effect can be compensated by re-
ducing the angular extent of commutator 50 by the same
angle.) The individual contacts of each set are desig-
nated in each instance by the letters A, B, C, D, E, F,
G, H and 1, respectively, in the order of progressive en-
gagement and disengagement wtih increasing value of the
Arabic number that represents the position of shaft 53.
As illustrated, all commutators rotate clockwise with
increasing value of that number. After engaging the
nine contacts progressively at 18° intervals of its rota-
tion, the commutator turns through a further 36° before
the contact A is opened. Similarly, after all contacts have
been progressively opened (in the same order in which
they were closed) the commutator turns through 36°
before again closing contact A. The two conditions with
all contacts closed and with all contacts open therefore
produce repeated configurations. The phasing of the sev-
eral commutators is such that the mid-point of each 36°
interval just mentioned coincides with a make or break
position of the commutator of next higher significance.

The output signals from the nine contacts of the several
commutators, constituting one form of binary Code II,
are supplied to respective translating devices, shown sche-
matically at 60X, 60Y and 60Z, which transform the
syncopic code signals into corresponding code signals of
a desired type, for example the common Arabic decimal
notation. The portion of the entire code generating and
translating system that relates to each Arabic decimal
digit will be referred to for convenience as a sub-system.
The translated outputs of the several sub-systems are
delivered, in the particular system illustrated, via lines
61X, 61Y and 61Z to respective sets of nine output ter-
minals 62X, 62Y and 62Z. Those output terminals cor-
respond in a definite manner to the ten Arabic digit values
0 through 9. For example, the Arabic figures 1 to 9 inclu-
sive may be indicated by closure of a electric circuit to
the corresponding terminal, and the digit value 0 may be
indicated by open circuit to all of the terminals of the
set.

Since sub-system X corresponds to the decimal digit
of highest significance in the system, it is required to rep-
resent only one sequence of digit values 0 through 9.
Hence in that sub-system there is a complete one-to-one
correspondence between the ten possible configurations
of the nine code elements and the ten digit values. In Code
I, for example, the Arabic figure 0 is represented by
all code elements in state o, with contacts 56X all open,
and the Arabic figure 9 is represented by all code ele-
ments in state X, with contacts 56X all closed. Typical
circuitry for translator 60X will be described.

In sub-systems Y and Z, on the other hand, provision
must be made for handling repeated configurations and
distinguishing between the two Arabic figures (9 and
0) that they may represent. As already indicated, that
is done by referring to the sub-system of next higher
significance. For example, the output from translator
60X of sub-system X is tapped from lines 61X and sup-
plied via lines 63X to a parity discriminating circuit,
indicated schematically at 64X, which determines whether
the parity of the 100’s decimal digit is even or odd. In
accordance with that determination a signal is transmitted
via line 65X to translator 60Y of sub-system Y, and acts
to shift that translating circuit between two conditions.
The latter will be referred to as the even and odd con-
ditions, it being understood that the terms even and odd
refer not ot the decimal digit being handled by that trans-
lator, but to the decimal digit of next higher significance.
Similarly, the output of translator 60Y is supplied via
lines 63Y to another discriminating circuit 64Y, which
controls the condition of translator 60Z in the unit’s sub-
system in accordance with the parity of the 10’s digit.
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Each translator is thereby placed in condition to interpret
correctly the syncopic binary code signal supplied to it, and
to produce a corresponding Arabic decimal code signal
to its output connections 62.

FIG. 5 is a schematic diagram of an illustrative embodi-
ment of the circuit structure shown in block form in FIG.
4. Circuitry for the single typical sub-system Y is shown
explicitly. Switching devices in FIG. 5 are represented
for clarity of illustration as electro-mechanical relays, it
being well-known that corresponding switching functions
can be performed in other ways, for example by elec-
tronic devices such as vacuum tubes. The commutator
contacts A through I of the respective code elements of
the sub-system are connected via respective relay coils KA
through KI to a commeon source of voltage, shown as the
battery 70, Each relay has two switch armatures, desig-
nated S1 and S2, respectively, which engage switch con-
tacts that are designated by the armature number fol-
lowed by the letter a if the contact is normally closed and
followed by the letter b if the contact is normally open.
All relays are shown in normal, unactuated condition.
Armatures S1 and S2 of each relay except KI are con-
nected, respectively, to contacts S1b and S2a of the next
following relay of the series. The corresponding con-
nections for relay KI are made via lines 71 and 72, re-
spectively, under control of the parity discriminating cir-
cuit of the sub-system of next higher significance. That
control, typically exercised by parity discriminating cir-
cuitry to be described, is such that when the digit of next
higher significance is odd, line 71 from armature S1 of
relay KI is grounded and line 72 from armature S3 is
open; and when the digit of next higher significance is
even, line 71 is open and the line 72 is grounded. Contacts
Sla and S2b of the several relays KA through KI are
connected directly to the decimal output connections 62
corresponding to the decimal digits 1 through 9, respec-
tively.

In operation of the described translating circuitry, when
the preceding decimal digit is even, so that line 72 is
grounded and line 71 is open, the ground is passed from
line 72 up the line of relays via closed contacts S2a from
KI toward KA until the first energized relay is reached.
at that relay the ground connection is terminated by open
contacts S2a, but is passed to armature S2 via closed con-
tact §2b. Ground is thereby applied to the correspond-
ing decimal output connection 62, but to no other such
connections. If all relays are energized, ground is applied
to decimal output connection 9; while if no relays are
energized, no ground is applied to any decimal output
connection, which is the regular indication of the digit
value 0.

When the preceding digit is odd, so that line 72 is open
and line 71 is grounded, that ground is passed up the line
of energized relays from KI toward KA via closed con-
tacts S1b only as far as the first unenergized relay. Only
at that point is the ground transmitted via closed contact
S1a to the corresponding decimal output connection 62.
If all relays are energized, the ground is passed all the
way along the line of relays to KA, but never reaches an
output connection, since all contacts S1a are open. There-
fore no decimal output connection is grounded, and the
output represents the digit value 0. If all relays are un-
actuated, only output connection 9 is grounded via closed
S1a of relay KI. Reference to Table 2 will show that the
translation of the various possible code element configura-
tions is correct,

Translator 60Y of FIG. 5 may be considered to com-
prise two distinct translating units, one of which handles
only the set of code element configurations for even
preceding partity and the other only the set of configura-
tions for odd preceding parity, those two translating units
being selectively made effective by grounding of the ap-
propriate one of lines 71 and 72. From that viewpoint,
the translating unit for even parity includes the switch
armature S2 and its contacts S2a and S2b of each relay,
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while the unit for odd parity includes the switch armature
S1 and contacts Sla and S1b of each relay. Separate
relay coils, connected in series or in parallel, may be pro-
vided in each such translating unit to replace each of
relays KA through KI. FIG. 6 illustrates in block form
the present aspect of the invention, whereby respective
translating means are provided for the even parity con-
figurations and for the odd parity configurations, and are
selectively disabled or rendered effective in accordance
with parity information supplied over lines 65 and derived
from the sub-system of next higher significance.

An illustrative parity discriminating circuit 64Y is
shown in FIG. 5. A relay coil KP has one terminal con-
nected to voltage source 70 and the other terminal con-
nected in parallel to all of the decimal output connections
62 that correspond to values of the decimal digit having
a particular parity, which is taken illustratively as odd
parity. To avoid interaction between these output cir-
cuits, valve devices indicated schematically at 75 are
introduced into each of the relay connections. Those de-
vices may, for example, be vacuum tube diodes, germa-
nium diodes, or any other type of device that permits
flow of current only in the direction required for energi-
zation of relay KP by voltage source 7¢ when one of the
odd decimal output connection is grounded via the trans-
lator circuits 60. Relay KP controls a single armature
S1, which is grounded. Armature S1 normally engages
contact Sla and shifts to contact S1b when the relay is
energized, Contacts Sla and S1b are connected to lines
72a and 71a, respectively, of the sub-system of next lower
significance. Lines 71 and 72 of translator 60Y are simi-
larly connected in the parity discriminating circuit of the
sub-system of next higher significance. Such connections
are represented in FIG. 4 at 65X and 65Y. It will be
understood that in the sub-system of lowest significance
no parity circuit is required; and that in the sub-system
of highest significance line 72 is permanently grounded
and line 71, if present, is permanently open. If desired,
relays KA through KI of that latter sub-system may be
of simplified type, omitting armature S1 and its contacts
S1a and S1b, leading to a translator circuit of the type
shown at 80Y of FIG. 9, to be described. A single volt-
age source 70 may operate the circuits of all the sub-
systems.

Considering the system as a whole, it will be seen that
movement of control shaft 53 from the position corre-
sponding to the Arabic numeral 499 to 500, for example,
causes only one code element to change condition, namely
element E of the 100’s digit sub-system X. That change
shifts relay KE of the X sub-system from idle to actuated
condition, changing the output from 100’s translator 60X
from grounding of terminal 4 to grounding of terminal §.
Grounding of output terminal 5 draws current through
relay KP of parity discriminating circuit 64X, actuating
that relay and thereby shifting ground from line 72 to
line 71 of connection 65X to translator 60Y (FIG. 3).
Since all relays KA through KI of that translator are
(and remain) actuated, that change in partiy control lifts
ground from output connection 9 leaving all output con-
nections open and shifting the output of the 10’s trans-
lator from 9 to 0 in accordance with the altered preceding
parity. That change in output from translator 60Y cuts
off relay KP of parity circuit 64Y, causing the output
from translator 60Z of the sub-system of least significance
to shift from 9 to 0. The change in output of the entire
system thus entails changes in output of all three sub-
systems, which take place consecutively (and as rapidly
as instrumentation permits) in response to the inversion
of a single input signal in one sub-system. Similar de-
tailed discussion will be seen to apply also to the illus-
trative systems to be described below.

A sharp distinction exists between that type of accom-
modation of the entire translation mechanism to inversion
of the state of a single code element, requiring a finite
time but going positively and inherently to completion in
one direction or the other; and the indeterminate shift of
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output that may result in previous systems not employ-
ing a syncopic code. The settling time of the system, even
when including a relatively large number of digits, may
in practice be made satisfactorily short by using fast me-
chanical relays or by employing equivalent switching cir-
cuitry employing electronic devices such as vacunm tubes.

The output from a translating system of the present
type provides independent indication of the value of each
Arabic digit. Thus, the 10’s translator shown illustra-
tively in FIG. 5 may directly control a device of any
suitable type, indicated schematically at 76Y, for record-
ing the value of the 10's digit. That device may, for
example, include nine relays K1, K2 . .. K9, connected
between a power source 77 and the respective output con-
nections 62Y of the translator, and may respond to actua-
tion of one of those relays to print the corresponding
digit value, and respond to unactuated condition of all
nine relays to print the value 0. Similar recording de-
vices may be controlled by the cutput of each sub-system,
so that an Arabic decimal number having any desired
number of digits may be printed directly by the entire
system.

Another illustrative type of system for translating
syncopic binary Code II signals is shown in block form
in FIG. 7 and in schematic form in FIG. 8. The syncopic
code input via contacts 56X, 56Y and 56Z may be pro-
duced in any convenient manner, such as those described
with relation to FIG. 1 or 4. The parity discriminators
indicated schematically at 84X and 84Y in FIG. 7, which
may be closely similar to discriminators 64X and 64Y of
FIGS. 4 and 5, receive their information in the same
manner from the respective outputs of the translators in
the sub-systems to which they belong. Their outputs,
however, are supplied to special inverting circuits 86Y
and 86Z in the sub-system of next lower significance,
where they act to selectively invert the initial syncopic
binary code input of that sub-system whenever the pre-
ceding parity (the parity of the Arabic digit of next higher
significance) is odd. That selectively transformed signal
is then supplied as input signal to a translator circuit
80Y or 80Z, and is translated by that circuit directly to
the proper Arabic decimal digit output without further
reference to the digit of higher significance. That type of
system has the advantage that the translators proper may
be relatively simple in construction, since they do not
require to be shiftable between two conditions in accord-
ance with the parity of the preceding digit. It should be
noted, however, that one may consider the inverting cir-
cuits 86 of FIGS. 7 and 8 to form a part of the overall
translating means, and from that viewpoint the parity
discriminating circuits act, as in the system of FIGS. 4
and 5, to shift the translating means from a condition in
which its overall action conforms to one type of code to
a condition in which its overall action conforms to an-
other type of code.

FIG. 8 shows in schematic form an illustrative invert-
ing circuit 86Y and translating circuit 80Y. Inverting
circuit 86Y includes a set of nine relays KA1 through KI1,
connected between the respective commutator contacts A
through I and a source of voltage 90. Each relay con-
trols a single armature S1, which normally engages a con-
tact Sla and is shiftable upon energization of the relay
to engage a normally open contact S1b. All contacts
Sla of the relays KAl through K11 are connected to-
gether and to a control lead 91, while all contacts S1b are
similarly connected together and to a control lead 92.
Those leads in Y sub-system correspond to the connection
85X of FIG. 7, and control the action of inverting cir-
cuit 86Y in accordance with the output of the parity cir-
cuit 84X of the sub-system of next higher significance.
That control is such that lead 91 is grounded and lead 92
open if the Arabic digit value of next higher significance
is odd; and that lead 92 is grounded and lead 91 open if
that digit value is even. The illustrative circuit for pro-
ducing such ground control shown at 86Y in FIG. 8 com-
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prises a relay KP1, which is energized from the translator
output in the manner already described for relay KP of
FIG. 5. The armature of relay KP1 is grounded, and
acts via contact Sla to ground line 92a of the sub-system
of next lower significance when the decimal digit value
is even, and acts via contacts S1b to ground line 91a when
that decimal value is odd.

Returning now to the inverting circuit, the relay arma-
ture S1 of the relays KA1 through KI1 are connected di-
rectly to the respective relay coils of the relays KA2
through KI2 of translator circuit 80Y, and thence to a
voltage source, preferably the source 90, already men-
tioned. The latter relays correspond to the relays KA
through KI of FIG. 5. However, in the present system
the translator relays require only one armature each,
normally engaging a contact Sla and shifting to a con-
tact S1b on relay energization. The contacts S1b of the
relays are connected to the nine respective decimal output
terminals 82Y via lines 81Y. Contact Sla of each relay
is connected to the armature of the preceding relay of the
series, the contact Sla of relay KA2 being left open and
the armature of relay KI2 being connected to ground.

In operation of the system of FIG. 8, input signals
from commutator contacts 56Y are passed along un-
changed by inverting circuit 86Y if the preceding decimal
digit is even. For, if the preceding digit is even, line 92
is grounded and actvation of any relay of the series KA1l
through KI1 then applies ground to the corresponding
relay of the series KA2 through KI2; an if the preceding
digit is odd, line 91 is grounded and only those relays that
are unactuated in the series KA1l through KI1 apply
ground to the corresponding relays of the series KA2
through KI2. As a result, for even condition of the pre-
ceding digit the actuated relays of the translator corre-
spond to closure of commutator contacts 56Y, while for
odd condition of the preceding digit the actuated relays
of the translator correspond to open commutator contacts.
By thus inverting the input signal to translator 80Y in re-
sponse to odd condition of the preceding digit, the presence
of inverting circuit 86Y simplifies the function of the
translator proper, enabling it to function always in ac-
cordance with the code correspondence for even preced-
ing parity. The ground connection from the armature
S1 of relay KI2 is passed up the line of unactuated relays
via their normally closed contacts, and at the first ac-
tuated relay is transferred to the decimal output termi-
nal 82Y associated with that relay. If all relays of the
series are actuated, only output terminal 9 is grounded;
if no relays are actuated, all output terminals remain open,
indicating the Arabic figure 0. A translator of the type
shown at 80Y may be used also for the sub-system of
greatest significance in the system of FIG. 5.

A characteristic of Code II that has already been men-
tioned is its use of more than ten different code configura-
tions. That characteristic permits use in each sub-system
of a translator that operates independently of the preced-
ing parity in translating some or all of the Arabic fig-
ures 1, 2 ... 8; and is controlled by the preceding parity
only in translating the rest of those figures (if any) and
the figures 0 and 9. FIG. 9 represents an illustrative
system in which the preceding parity is relied upon only
for distingnishing between the Arabic figures 0 and 9.

The system of FIG. 9 comprises the relays KA3,
KB3 . . . KI3 which have their relay coils connected
between the respective commutator contacts A through
I and a power source 90. Each relay controls two switch
armatures S1 and S2. Both armatures of relay KA3 are
grounded. Armature S1 of each of the other relays is
connected to contact 51b of the preceding relay, and each
armature S2 is connected to contact S2a of the preceding
relay. Contacts Sla and S2b of each relay except KA3
are connected together and to an output connection 83Y,
that connection corresponding to the Arabic figure that
is one less than the order of the relay in the series KA3
through KI3. A tenth relay, indicated at KP3, is con-
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nected as a tenth member in that series, controlling the
output conlact 83Y for Arabic figure 9. That tenth relay
is controlled by the parity discriminating circuit of the
preceding sub-system. For example, the coil of relay
KP3 may be connected between a line 96 and power
source 90. Line 96 is connected in the sub-system of
next higher significance in the manner shown in FIG. 9
for line 96a, the latter line being connected in turn to
the relay corresponding to KP3 in the sub-system of
next lower significance. As shown, line 96a is connected
via individual valve devices 75 to the several output con-
nections 83Y that correspond to the Arabic figures hav-
ing odd parity.

In operation of the system of FIG. 9, the ground con-
nection shown at the top of the figure is passed down the
series of relays KA3 through KI3 either via the series of
contacts S2a or via the series of contacts S1b, depending
upon whether the preceding parity is odd or even. In
either case, at the first relay that is in a condition different
from the preceding one the ground is connected via one or
other of its contacts $S2b and S1a to the appropriate out-
put connection 83Y. The code configurations that repre-
sents the Arabic figures 1 through 8 are thus correctly
translated and indicated without any shift in the condi-
tion of the translator and without any inversion of the
input signals, regardless of the preceding parity.

However, the two remaining code configurations, for
which all commutator contacts are open and closed, re-
spectively, require reference to the preceding parity for
their translation, since each of those configurations some-
times represents the Arabic figure 0, and sometimes the
figure 9. In the present illustrative system, when all com-
mutator contacts are open ground is applied to armature
S2 of relay KP3; and when all contacts are closed ground
is applied to armature S1 of that relay. That ground
on armature S2 is transmitted via contact S2b of relay
KP3 to output contact 9 only if that relay is actuated,
which occurs, as already described, only when the preced-
ing parity is odd. And the described ground on armature
S1 is transmitted via contact Sla to output contact 9 only
if relay KP3 is unactuated, which occurs for even preced-
ing parity. Otherwise, none of the first nine output con-
tacts 83Y is grounded, which may be utilized as the regu-
lar indication of the Arabic figure 0. Alternatively, with
a circuit of the present type, a separate output contact for
the figure 0 may be provided. Such a contact is shown
in FIG. 9, connected to contacts S1b and S2a of relay
KP3, and will be seen to be grounded through one or
other of those contacts in response to a code configuration
representing the Arabic figure 0.

Generation of a syncopic code of the type of binary
Code I (Table 1) corresponding to either rotary or trans-
lational movement may be carried out in a manner anal-
ogous to that already described illustratively for binary

Code II, the commutator form and brush positions being

suitably modified. FIGS. 10-12 illustrate schematically
a preferred type of rotary commutator assembly for gen-
erating a syncopic binary Code I representation of
Arabic members expressible by three decimal digits.
Such apparatus may readily be modified to accommo-
date a larger or smaller number of digits, A circular
disk of dielectric material, for example a suitable ther-
moplastic, is indicated at 100, rigidly mounted on a
shaft 103, That shaft is journaled on the frame 101
and is driven by means indicated schematically at 102,
which may be considered to drive the shaft in response
to some physical quantity to be indicated. Commu-
tator formations corresponding to the twelve code ele-
ments required to represent three decimal digits are dis-
tributed for convenience on both faces of disk 100 and
comprise accurately formed conductive areas 105 and
106, which are preferably embedded in the material of
the disk to present a continuously smooth surface.
Typical preferred configuration for formations 105 and
106 are shown in FIGS. 11 and 12, respectively.

10

20

25

30

35

40

60

70

705

18

A plurality of mutually insulated brush contacts 110
are mounted on frame 101 for resilient engagement of
the disk faces. As illustrated, each of the conductive
formations 105 and 106 comprises six distinct zones,
and individual brushes are provided for each of the
twelve zones. Each zone and its associated brush corre-
spond to a definite one of the code elements of the binary
syncopic code. That correspondence is indicated typi-
cally in FIGS. 11 and 12 in terms of the decimal digit
(indicated as 1, 10 or 100) and the particular code ele-
ment within the sub-system corresponding to that digit
(indicated as A, B, C or D in accordance with the desig-
nation of code elements in Table 1).

As typically shown, all brushes are positioned in ra-
dial alignment. In zero position of disk 100, the brushes
are at an angular position relative to the disk indicated
by the line 115 in FIG. 11 and the line 116 in FIG.
12. The direction of forward disk rotation, correspond-
ing to increasing Arabic numbers, is such that commu-
tator 105 rotates clockwise relative to the fixed brushes
as seen in FIG, 11, and commutator 106 rotates counter-
clockwise as seen in FIG. 12, That forward rotation of
the disk causes relative movement of the brushes in the
opposite directions over the respective commutator sur-
faces., The arrows 117 and 118 indicate that relative
movement of the brushes over the respective conductive
formations 105 and 106.

It will be seen that the commutator formations illus-
trated in FIGS. 11 and 12 correspond to a binary Code
I for which one full rotation of disk 100 is represented
by the Arabic number 1000, Each unit of the Arabic
number scale corresponds to 0.36 degree of disk rota-
tion. No two working edges of the commutator forma-
tions are angularly aligned, which (when all brushes are so
aligned) is a necessary condition for generating a syn-
copic code. The total number of working edges equals
the number of Arabic numbers to be represented, which
is 1000 in the present instance.

An advantage of the particular commutator arrange-
ment of FIGS. 11 and 12 is that a common electrical
connection to all segments of the commutator can be
provided particularly simply. As illustrated, conductive
borders are provided, as at 122 and 123, on the respec-
tive faces of disk 100 in direct contact with all seg-
ments of the outer zone on each face; and conductive
paths are provided, as at 124 and 125, between at least
one segment of the inner zone of the respective faces
and the circular conductive areas 126 and 127 at the
centers of the faces. Connections to those areas are
made by the brushes 120, indicated in FIG. 10. Those
brushes may be connected to a source of potential, or
may, as in the illustrative circuitry to be described, be
directly grounded. In the latter instance, the code gen-
erated at the code element brushes 110 may be consid-
ered to comprise definite configurations of grounded and
open electrical connections, corresponding, respectively,
to state x and state o of the several code elements as
indicated in Table 1.

The automatic translation of a syncopic code such as
binary Code I into a common number code may be
carried out by a wide variety of detailed procedures.
FIG. 13 represents in block form a preferred type of
system for translating binary Code I into common Arabic
numbers. Three sub-systems X, Y and Z for handling
three Arabic digits are illustratively shown. Each sub-
system may be subdivided in accordance with the prin-
cipal functions of its parts into a translator circuit 130,
a parity discriminating circuit 132 (omitted in the sub-
system of least significance), and a complementing or in-
verting circuit 134 (omitted in the sub-system of greatest
significance).

Code element connections 131 are indicated in FIG.
13 at A, B, C and D for ecach of the four code elements
of each sub-system. Those connections may be consid-
ered to represent the respective brushes 110 of FIG. 10,
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for example; and the cooperating commutator structure
is indicated schematically in FIG. 13 at 100X, 100Y and
1007Z. Although those three portions of the commutator
structure are mounted on a single shaft in the embodi-
ment of FIGS. 10-12, they might alternatively be modi-
fied in relative angular scale and mounted on scparate
shafts linked by gear boxes in the manner already de-
scribed in connection with FIG. 4.

The complementing circuits 134 of FIG. 13 correspond
in broad function to the inverting circuits 86 of FIG. 7
(for example); but are permitted to be structurally sim-
ple by virtue of a characteristic of binary Code I, al-
ready described. That characteristic is the fact that a con-
figuration of code element states can always be trans-
formed, by inversion of the state of a single code element,
from the configuration that represents a definite Arabic
figure for one preceding Arabic parity into the configura-
tion that represents that figure for the other preceding
Arabic parity. Therefore the complementing circuit is re-
quired, in effect, to invert the state of only that single
code element. That fact is indicated in FIG. 13 by show-
ing the complementing circuit of each sub-system con-
nected in the single line 133 from code element contact
D to the translator circuit.

More specifically, in the present illustrative instance,
each complementing circuit 134 of FIG. 13 receives over
line 135 from the sub-system of next greater significance
information concerning the Arabic parity of the latter,
and acts to invert the signal from code element D when
the preceding Arabic parity is odd, but not when it is
even, That inversion in effect transforms the initial code
element configuration into the 9s complement configura-
tion for delivery to the translating circuit. That 9's com-
plement configuration is precisely what would have been
initially produced had the preceding parity been even.
The translating circuit is therefore required only to trans-
late all signals supplied to it in accordance with the type of
correspondence associated with even preceding parity.

As already indicated, reference to the sub-system of
next higher significance for determination of its Arabic
parity need not, in general, be made to the output of that
sub-system, as was the case in the systems of FIGS. 4 and
7, for example. FIG. 13 illustrates a system in which such
reference is made, instead, to the binary code input to the
translator circuit of the preceding sub-system. It is noted,
however, that such reference is made to the code input
after modification by the complementing circuit. Thus, in
FIG. 13, parity discriminating circuit 132Y receives in-
put signals on lines 139Y directly from the code element
connections 136Y in the case of code elements A, B, and
C, since those signals are not affected by the complement-
ing circuit; and receives input signals from code element
connection D only via complementing circuit 134Y and
line 133Y.

In FIG. 13 the output from each translating circuit is
delivered to ten output terminals, indicated generally by
the numeral 138, rather than to only nine terminals, as in
the systems previously described, The output code, as il-
lustrated, represents the Arabic figure zero by grounding
of a definite one of those terminals, in contrast to the
previously described output codes in which zero was indi-
cated by open condition of all output terminals.

Illustrative detailed circuitry for the Y sub-system of
the system of FIG. 13 is represented in FIG. 14. Four
input connections 131Y for the respective code elements
A, B, C and D are connected via the respective relay
coils KA, KB, KC and KD1 to a source of voltage, shown
as the battery 140, so that grounding of one or more of
those connections actuates the corresponding relays. Con-
nections 131Y may be considered typically to represent
the respective brushes 110 of a code generating system
such as that of FIGS, 10-12, The configurations of open
and closed contacts for various Arabic numbers (corre-
sponding to definite rotational ranges of the commutator
100 of FIGS. 10-12) are shown, for example in Table 1;
and those configurations are indicated for convenience in
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FIG. 14 by listing adjacent each terminal 131Y the Arabic
digit values for which that particular terminal is grounded.
The conditions of terminal D are listed for both even and
odd preceding parity, the conditions of the other terminals
being independent of the preceding parity.

Relay KD1 is a part of complementing circuit 134Y.
It controls a single double throw switch armature S1,
which is connected via a second relay KD2 to voltage
source 140. Normally closed contact Sla of relay KD1
is connected to line 141, and its normally open contact
S1b is connected to line 142. Those lines comprise the
connection indicated in FIG. 13 as line 135X, and are so
connected (as will be explained) in the parity discriminat-
ing circuit of the sub-system of next higher significance
that when the parity of that sub-system is even line 141 is
grounded and line 142 is open, and when that parity is odd
the opposite is the case, Complementing circuit 134Y of
FIG. 14 therefore actuates relay KD2 under joint control
of the state of code element D of its own sub-system (via
relay KD1) and of the parity of the preceding sub-system
(via lines 141 and 142). When the preceding parity is
even, relay KD2 is actuated only when code element D
is in state X, with its connection 131Y grounded; and
when the preceding parity is odd, relay KD2 is actuated
only when code element D is in state o, with its connec-
tion 131Y open. The effect is therefore to invert the state
of code element D, in respect to its control of relay KD2,
whenever the preceding parity is odd. For even preceding
parity, each Arabic digit value is represented by a definite
code element configuration at connections 131Y, and the
respective states of relays KA, KB, KC and KD2 corre-
spond directly to that configuration. For odd preceding
parity, each Arabic digit value is represented by a differ-
ent code element configuration at connections 131Y, but
the resulting states of relays KA, KB, KC and KD2 cor-
respond to the configuration by which that digit value
would be represented for even preceding parity. The re-
mainder of the sub-system is therefore required to handle
only one type of configuration, illustratively taken as that
corresponding to even preceding parity.

Relays KA, KB, KC and KD2 control respective groups
of switch armatures, S1, S2, etc., some of which are part
of translator circuit 130Y and some of which are part of
parity discriminating circuit 132Y, as indicated by the
dashed boxes in FIG. 14 bearing those designations. The
relay windings are included in the box 132Y arbitrarily
for convenience of illustration, but may be considered to
be a part of both circuits, Alternatively, each relay might
be replaced by two separate relays with their windings
connected in series or in parallel. The detailed wiring of
the relay switches that make up each of the circuits just
mentioned may be arranged in a great variety of ways,
that illustrated being merely illustrative.

In general outline, the function of the relay switches of
translator circuit 130Y is, for each of the ten possible
(even parity) code element configurations, to pass a
ground connection through one switch only of each of
the four relays (or, in certain instances, of three of those
relays), so that it is supplied to only that one of the ten
output terminals 138Y that corresponds (for even preced-
ing parity) to the existing configuration of states of re-
lays KA, KB, KC and KD2. As illustrated, the first
switch of that series is S1 of relay KB. Reference to
Table 1 will show that (regardless of preceding parity)
code element B is in state o, resulting in unactuated con-
dition of relay KB, for the Arabic figures 0, 4, 5 and 9;
and is in state x, resulting in actuated condition of relay
KB, for Arabic figures 1, 2, 3, 6, 7 and 8. Switch Sl
therefore grounds its normally closed contact Sia only in
response to the code element configurations corresponding
to the former group of Arabic figures, and grounds it nor-
mally open contact S1b only in response to the code ele-
ment configurations corresponding to the latter group of
Arabic figures, as is indicated in FIG. 14 by writing those
groups of figures on the respective lines from those con-
tacts. Each of those lines is connected to a switch arma-



26,607

21

ture controlled by another code element, which is not in
the same state for all of the figures of the indicated group
and which is therefore capable of discriminating among
them. In the present instance, connection is :made from
contact Sla of relay KB to switch armature S1 of relay
KD2, which (regardless of the preceding parity) is in nor-
mal position for figures 0 and 4 and in actuated position for
FIGURES 5 and 9; and from contact S1b of relay KB to
switch armature S2 of relay KD2, which is in normal
position for FIGURES 1, 2 and 3 and in actuated position
for FIGURES 6, 7 and 8. The outputs of those switches
are similarly supplied, as is clearly shown in FIG. 14, to
switches of further relays, each such line being continued
until ten output connections are obtained, each of which
is grounded only for a distinct one of the ten Arabic
figures. Those ten output connections are connected di-
rectly to the respective output terminals 138Y, designated
in FIG. 14 by the Arabic figures to which they corre-
spond. Any suitable type of device may then be con-
nected to those terminals for utilizing the Arabic decimal
code output of the translating system, for example for re-
cording, indicating or computing.

An important advantage of the particular translator
circuit arrangement just described is the fact that it re-
quires no more than three switch armatures to be con-
trolled by any one of the code elements of the sub-
system. As will become clear, no more than four switch
armatures in both the translator circuit and the parity dis-
criminating circuit need to be controlled by any one code
element,

The illustrative parity discriminating circuit shown at
132Y in FIG. 14 requires only a total of five double throw
switches, two under control of relay KD2 and one under
control of each of the relays KA, KB and KC. The
switches are so wired that a ground connection from the
grounded switch armature S2 of relay KB is passed
through a series of switches to the line 141a whenever
the code element configuration corresponds to an even
Arabic figure, and to the line 142a whenever the code
element configuration corresponds to an odd Arabic fig-
ure. Those lines 141a and 142a constitute the connection
designated 135Y in FIG. 13, and are connected to the
complementing circuit of the sub-system of next lower
significance in the same manner already described for
the lines 141 and 142, respectively, in complementing
circuit 134Y of FIG. 14.

More particularly, line 141a is connected to the nor-
mally open contacts $3b and to the normally closed con-
tact Sd4a of relay KD2; and line 142a is connected to the
normally closed contact S3a and to the normally open
contact S4b of the same relay. The armature S3 of that
relay is connected to the normally open contacts S4b of
relay KC and relay KA; and the armature S4 of relay
KD?2 is connected to the normally closed contact S2a
of relay KB and S4a of relay KC. Armature S4 of relay
KC is connected to normally closed contact S4a of relay
KA; and the armature S4 of relay KA is connected to
normally open contact S2b of relay KB. The Arabic
figures for which ground is supplied to each of the said
switch contacts are indicated in FIG. 14, and will be seen
to correspond to the states of the several code elements
as indicated in Table 1.

The modification represented in FIG. 15 differs from
the circuitry of FIG. 14 in several respects. Translator
circuit 160Y of FIG. 15 illustrates a typical manner in
which failure indication may be embodied in the present
invention. In addition to switch connections that provide
overall functions equivalent to these already described
in connection with FIG. 14, further switch armatures and
contacts are provided which produce a ground at an
eleventh output terminal, designated F in FIG. 15, in
response to certain configurations of relay conditions that
do not correspond to the code in use and therefore repre-
sent failures of the system. In the particular circuit
illustrated, the failures that are so indicated are all of
a type in which one or more relays fail to operate when
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they should normally operate in accordance with the
code.

FIG. 15 also illustrates a modified type of comple-
menting circuit, indicated at 164Y, which is not entirely
distinct from translator circuit 160Y and parity discrimi-
nating circuit 162Y, and may be considered to form a
part of those circuits. That complementing circuit is
controlled from the sub-system of next greater significance
via only a single line 165, which is grounded in response
to odd preceding parity and is open in response to even
preceding parity. The parity discriminating circuit 162Y
of the system is adapted to produce that somewhat sim-
pler type of control signal over its output line 165a. For
clarity of illustration, the four principal relays of the
sub-system are arranged in a different order in FIG. 15
from the arrangement of FIG. 14. That rearrangement
tends to make the translator circuits of the two systems
appear superficially more similar than they actually are,
and the parity discriminating circuits less similar. The
Arabic figures for which certain leads and contacts are
grounded are indicated in the figure.

The entire translating system in accordance with FIG.
15 may be represented in simplified block form as shown
in FIG. 16. Complementing circuits 164 of FIG. 15 are
not shown explicitly in FIG. 16, but are included im-
plicitly as respective parts of translator circuits 160 and
parity discriminating circnits 162. The output from
parity circuit 162X is supplied via lines represented at
165X to both the translator and the parity circuits of
the sub-system of next lower significance. The output
from parity circuit 162Y, on the other hand, is supplied
only to the translator of the next sub-system, since the
latter, being the sub-system of lowest significance, re-
quires no parity circuit. Parity circuit 162Y receives
input signals directly from code generator connections
131Y and also from the parity circuit of the sub-system
of next higher significance, The parity circuit of the sub-
system of highest significance requires signals from its
connections 131 only, since its preceding parity is always
even,

Referring again to FIG. 15, it will be seen that relay
KE performs the complementing functions for both trans-
lator 160Y and parity discriminating circuit 162Y. Sepa-
rate relay coils, connected in series or in parallel, could
of course be provided for operating the switch arma-
tures shown in FIG. 15 as S1, S2 of relay KE on the
one hand and as S3, S4 of relay KE on the other hand.
As to both translator 160Y and parity circuit 162Y, the
action of relay KE, as shown, is to shift the circuitry be-
tween two condititons, characterized by different patterns
of connections between the respective switches of relays
KA, KB, KC and KD, one of those conditions conform-
ing to the code for one preceding parity and the other
condition conforming to the code of the other preceding
parity.

I claim:

1. A system for indicating the Arabic decimal number
represented by a set of physical code elements which are
shiftable respectively among, a plurality of states, said
code elements comprising a plurality of groups correspond-
ing to the respective digits of the Arabic number, the
configuration of the code element states of each group
representing the value of the corresponding Arabic digit
in accordance with one syncopic code when the preceding
Arabic digit has one parity and representing that digit
value in accordance with another syncopic code when the
preceding Arabic digit has the other parity the con-
figuration of code element states that represent the digit
value 9 in each code being identical with the configuration
that represents the digit value 0 in the other code; said
system comprising a plurality of translating sections for
the respective groups of code elements, input means acting
to supply to the respective translating sections sets of input
signals representing the configurations of code element
states of the corresponding groups, the translating sections
including respective translating circuits responsive to the
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respective sets of input signals and producing respective
output signals representing the corresponding Arabic digit
values, the translating sections for the Arabic digits of
other than least significance including parity discriminating
circuits which are responsive to the respective sets of input
signals and which act independently of the output signals
of the translating circuits to produce respective parity out-
put signals representing the respective parities of the cor-
responding Arabic digits, the translating circuits and the
parity discriminating circuits of the translating sections for
the Arabic digits of other than least significance being
capable of respective first and second conditions in which
they act in accordance with said first and second codes,
respectively, and coupling means for each such translating
section acting to shift the translating circuit and the parity
discriminating circuit of that translating section between
their respective conditions in response to the parity output
signal of the parity discriminating means of the translating
circuit corresponding to the Arabic digit of next greater
significance.

2. A system for indicating the Arabic decimal number
represented by a set of physical code elements which are
shiftable respectively among a plurality of states, said code
clements comprising a plurality of groups corresponding
to the respective digits of the Arabic number, the con-
figuration of the code element states of each group repre-
senting the value of the corresponding Arabic digit in
accordance with one syncopic code when the preceding
Arabic digit has one parity and representing that digit
value in accordance with another syncopic code when the
preceding Arabic digit has the other parity, the configura-
tion of code element states that represents the digit value
9 in each code being identical with the configuration that
represents the digit value 0 in the other code; said system
comprising a translating section for each Arabic digit,
input means acting to supply to each translating section
a set of signals representing the respective states of the
code elements of the corresponding group, at least one
of said translating sections comprising translating means
responsive to input signals that conform to said one code
and acting to indicate the Arabic digit value represented
by such signals, and complementing means actuable to
transform a set of input signals conforming to said other
code into a set of transformed signals conforming to said
one code, parity discriminating means responsive to the
parity of the preceding Arabic digit, and coupling means
for actuating the complementing means under control of
said parity discriminating means when the preceding Ara-
bic digit has the said other parity.

3. A system as defined in claim 2 and in which at least
one code element of each group is capable of only two
states, and the configurations of code element states that
represent any Arabic digit value in accordance with the
first and second codes, respectively, differ only in the
state of said one code element, said complementing means
acting to modify said input signals to effectively invert the
state of said one code element only.

4. A system as defined in claim 3 and in which, in each
said code, said one code element is in one of its states in all
configurations of code element states that represent digit
values 0 through 4 and is in its other state in all such con-
figurations that represent digit values 5 through 9.

5. A system for indicating the Arabic decimal number
represented by a set of physical code elements which are
shiftable respectively among a plurality of states, said
code elements comprising a plurality of groups correspond-
ing to the respective digits of the Arabic number, the
configuration of the code element states of each group
representing the value of the corresponding Arabic digit
in accordance with one syncopic code when the preceding
Arabic digit has one parity and representing that digit
value in accordance with another syncopic code when the
preceding Arabic digit has the other parity, the configura-
tion of code element states that represents the digit value
9 in euch code being identical with the configuration that
represents the digit value 0 in the other code; said system
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comprising a {ranslating section for each Arabic digit,
input means acting to supply to each translafing section
a set of signals representing the respective states of the
code elements of the corresponding group, at least one of
said translating sections comprising translating means re-
sponsive to the input signals and capable of two alternative
conditions in which it acts to produce an output signal
that represents the Arabic digit value represented by the
input signals in accordance with the first and the second
codes, respectively, parity discriminating means responsive
to the input signals and acting independently of the output
signal of the translating means, said parity discriminating
means being capable of two alternative conditions in which
it develops an output signal that represents the parity of
the Arabic digit value represented by the input signals in
accordance with the first and the second codes, respective-
ly, and means for shifting both the translating means and
the parity discriminating means between their respective
conditions in accordance with the parity of the preceding
Arabic digit.

6. A system for indicating the Arabic decimal number
corresponding to a syncopic representation of said number
in which each decimal digit is represented by a group of
binary physical code elements; said system comprising a
translating section for each Arabic digit, at least one of
said translating sections comprising means for developing
a parity signal that represents the parity of the correspond-
ing Arabic digit value, the translating section for the
Arabic digit of next lower significance comprising a plu-
rality of switching means corresponding to the respective
code elements of the group that represents that Arabic
digit, means for actuating all but one of said switching
means under sole control of the corresponding code ele-
ment, means for actuating said one switching means under
joint control of the corresponding code element and of said
parity signal, and output circuit means responsive jointly
to said plurality of switching means for indicating the
Arabic digit value represented by said group of code
elements.

7. A system as defined in claim 6 and in which the
second mentioned translating section includes parity circuit
means responsive jointly to said plurality of switching
means for developing a second parity signal that represents
the parity of the last mentioned Arabic digit value.

8. A system as defined in claim 6 and in which each of
said switching means comprises a relay having a plurality
of switch terminals, said output circuit means compris-
ing output terminals for the respective Arabic digit values
and means connecting each of said output terminals in
series with respective switch terminals of a plurality of
said relays.

9. A system as defined in claim 8 and including also
failure indicating means comprising a signal terminal
and means connecting the signal terminal in series with
respective switch terminals of a plurality of said relays.

10. A system for representing a multi-digit Arabic
decimal number by means of a binary coded decimal
representation that is syncopic, said system comprising a
plurality of physical code elements capable of respective
first and second states, said code elements comprising a
plurality of groups corresponding to the respective digits
of the Arabic number, control means acting in accord-
ance with the value of the Arabic number to shift the
several code elements of each group among a plurality
of distinct configurations of states, said configurations
representing the values of the respective corresponding
Arabic digits in accordance with one syncopic code when
the preceding Arabic digit is even and in accordance
with another syncopic code when the preceding Arabic
digit is odd, the configuration of code element states that
represents the digit value 9 in each code being identical
with the configuration that represents the digit value 0
in the other code, and the configurations of code element
states that represent the digit values 1 through 8 inclusive
in accordance with both said codes being all mutually
distinct.
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11. A system for indicating the Arabic decimal num-
ber represented by a set of physical code elements which
are shiftable respectively among a plurality of states,
said code elements comprising a plurality of groups cor-
responding to the respective digits of the Arabic num-
ber, the configuration of the code element states of each
group representing the value of the corresponding Arabic
digit in accordance with one syncopic code when
the preceding Arabic digit has one parity and rep-
resenting that digit value in accordance with another
syncopic code when the preceding Arabic digit has the
other parity, the configuration of code element states
that represents the digit value 9 in each code being iden-
tical with the configuration that represents the digit value
0 in the other code; said system comprising a translating
section for each Arabic digit, input means acting to supply
to each translating section a set of signals representing
the respective states of the code elements of the corre-
sponding group, at least one of said translating stations
comprising first translating means responsive to input
signals that represent any Arabic digit value from 1
through 8 inclusive in accordance with either of said
codes and acting to produce an output signal represent-
ing such Arabic digit value, and second translating means
capable of two alternative conditions in which it is re-
sponsive to input signals that represent Arabic digit values
0 and 9 in accordance with the first and second codes,
respectively, and acting to produce an output signal rep-
resenting such Arabic digit value, and means for shifting
said second translating means between its two conditions
in accordance with the parity of the preceding Arabic
digit.

12. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track and providing binary
coded electrical signals representative of the sensed binary
characters, means for producing relative movement be-
tween said element and said sensing means in accord-
ance with the positions of an analog signal to be con-
verted, said preselected pattern of binary characters for
cach decimal order comprising a plurality of binary
characters representative of a decimal digit each arranged
in separate tracks on the element to allow all of the
binary characters for each decimal order to be simul-
taneously sensed, the binary characters representative
of successive decimal digits in each of the decimal orders
are arranged to differ in only one track, the group of
binary characters for successive decades of the same
decimal order being arranged in modified decimal order
whereby the successive combinations of binary characters
for the adjacent decades are the same, the combination
of binary characters representative of the decimal digits
for each decade of a decimal order are further character-
ized by the ability to represent a binary coded decimal
digit and the nine’s complement thereof by changing the
binary value of one of the binary characters for each
unique combination of binary characters when the next
higher decimal order is of a preselected parity.

13. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track, means for producing
relative movement between said element and said sensing
means in accordance with an analog signal to be con-
verted, said preselected pattern of binary characters for
each decimal order comprising four binary characters
representative of a decimal digit arranged in separate
tracks on the element to allow all of the binary characters
for each decimal order to be simultaneously sensed, the
binary characters representative of successive decimal
digits in each of the decimal orders are arranged to differ
in only one track, the group of binary characters for
successive decades of the same decimal order being ar-
ranged in modified decimal order whereby the successive
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combinations of binary characters for the adjacent decades
are the same, the combination of binary characters rep-
resentative of the decimal digits for each decade of a
decimal order are further characterized by the ability
to represent a binary coded decimal digit and the nine’s
complement thereof by inverting the binary value of
the same one of the binary characters for each unique
combination of binary characters, and translating means
including means for determining the parity of each high-
er decimal order for inverting the binary value of the
one binary character for each of the lower decimal orders
responsive to said sensing means to provide an output
indication of the correct sensed decimal digits.

14. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in terms of conductive and non-conductive seg-
ments in tracks thereon, sensing means arranged in con-
tinuous electrical engagement with said element for sens-
ing the binary characters in each track and providing
electrical indications corresponding to the sensed binary
characters, means for producing relative movement be-
tween said element and said sensing means in accordance
with the position of a shaft to be digitized, said pre-
selected pattern of binary characters for each decimal
order comprising four binary characters representative of
a decimal digit arranged in four separate tracks on the
element to allow all of the binary characters for each
decimal order to be simultaneously sensed, the binary
characters representative of successive decimal digits are
arranged to differ in only one track, the group of binary
characters for successive decades of the same decimal
order being arranged in modified decimal order whereby
the successive combinations of binary characters for the
adjacent decades are the same and the only change in the
binary coded decimal value in traversing successive dec-
ades occurs in the higher decimal order, the combination
of binary characters representative of the decimal digits
for each decade of a decimal order are further character-
ized by the ability to represent a binary coded decimal
digit and the nine’s complement thereof by changing the
binary value of one of the binary characters for each
unique combination of binary characters, means for de-
termining the parity of each decimal order except the
lowest decimal order, and translating means responsive
to said last-mentioned means and said sensing means for
indicating the correct sensed decimal digit.

15. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track, means for producing rela-
tive movement between said element and said sensing
means in accordance with an analog signal to be con-
verted, said preselected pattern of binary characters for
each decimal order comprising four binary characters
representative of a decimal digit arranged in four separate
tracks to allow all of the binary characters for each deci-
mal order to be simultaneously sensed, the binary char-
acters representative of successive decimal digits in each
of the decimal orders are arranged to differ in only one
track, the group of binary characters for successive dec-
ades of the same decimal order being aranged in modi-
fied decimal order whereby the successive combinations
of binary characters for the adjacent decades are the
same, the cambination of binary characters representative
of the decimal digits for each decade of a decimal order
are further characterized by the ability to represent a
binary coded decimal digit and the nine’s complement
thereof by inverting the binary value of one of the binary
characters for each unique combination of binary char-
acters, means for determining whether each of the digits
of each of the decimal orders except the lowest decimal
order is an odd or even decimal digit, complementing
means connected to be responsive to said odd or even
determining means and to complement said one binary
character for each of the decimal orders except the highest
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only when the digit for the next higher decimal order is
odd, and translating means responsive to said sensing
means and said complementing means for indicating the
correct decimal digit representative of the analog signal.

16. An analog-to-digital converter including a rotatable
shaft for representing an analog signal to be digitized, a
cooling element mounted on said shaft to be rotatable
therewith, said element having a preselected pattern of
binary characters recorded in terms of conductive and
non-conductive segments in concentric tracks thereon,
electrical brush means arranged in alignment and in con-
tinuous elecirical contact with said element for sensing
the segments in each track and providing a continuous
electrical indication of the binary characters presented
thereto in accordance with the shaft position, the prese-
lected pattern of binary characters being arranged to
indicate the shaft position in terms of a multi-digit deci-
mal number and with each digit of each decimal order of
the number being represented by four binary characters

and with each binary character recorded in a separate 2

track on the element to allow all of the binary characters
for each decimal order to be simulitaneously sensed, the
pattern being further characterized by the fact that the
binary characters representative of successive decimal
digits are arranged to differ in only one track and the
group of binary characters for successive decades of a
decimal order are arranged in modified decimal order
whereby the successive combinations of binary characters
for the adjacent decades are the same and the only change
in the binary coded decimal value in traversing successive
decades occurs in one of the higher decimal orders, the
combination of binary characters representative of the
decimal digits for each decade of a decimal order include
the ability to represent a binary coded decimal digit and
the nine’s complement thereof by changing the binary
value of the same binary character for each unigque com-
bination of binary characters, means for determining
whether the decimal digit for each of the higher decimal
orders is odd or even, complementing means responsive
to said latter-mentioned means for inverting the binary
value of said same binary character for each combination
of said characters only when the next higher decimal
order is an odd digit, and translating means responsive to
the complementing means and the electrical indications

provided by said brush means for indicating the correct

decimal digit assigned to the corresponding shaft posi-
tion.

17. An analog-to-digital converter including a rofat-
able shaft for representing an analog signal to be con-
verted, a coding element mounted on said shaft to be ro-
tatable therewith, said element having a preselected pat-
tern of binary characters recorded in concentric tracks
thereon, sensing means arranged in alignment for sensing
the binary characters in each track and providing con-
tinnous electrical indications of the binary characters pre-
sented thereto in accordance with the shaft position, the
preselected pattern of binary characters being arranged to
indicate the shaft position in terms of a multi-digit deci-
mal number and with each digit of each decimal order of
the number being represented by a plurality of binary
characters representative of a decimal digit and with each
binary character recorded in a separate track on the ele-
ment to allow all of the binary characters for each deci-
mal order to be simultaneiusly sensed, said pattern in-
cluding the arrangement of the binary characters repre-
sentative of successive decimal digits to differ in only one
track and the group of binary characters for successive
decades of a decimal order being arranged in modified
decimal order whereby the successive combinations of
binary characters for the adjacent decades are the same
and the only change in the binary coded decimal
value in traversing successive decades occurs in the
higher decimal orders, the combination of binary char-
acters representative of the decimal digits for each
decade of a decimal order are further characterized
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by the ability to rtepresent a binary coded decimal
digit and the nine’s complement thereof by chang-
ing the binary value of one of the binary characters for
each unique combination of binary characters, means for
determining whether the decimal digit for each of the
highest decimal orders is odd or even and changing the
binary value of said one binary character for each com-
bination of said characters based on the odd or even
determination, and translating means responsive to the
odd-even determining means for said one binary charac-
ter and the electrical indications provided by said brush
means for the other binary characters for indicating the
correct sensed decimal digit.

18. A digital encoder comprising a carrier having a
plurality of regions marked in accordance with a cyclic
permuting binary-decimal code in which the digits 0 to 9
of a cyclic permuting decimal code are represented in a
binary code which is cyclic permuting at least for each
unit change in the decimal digits ¢ to 9 and from 9 di-
rectly to 0, and sensing means to provide an output in-
dicative of the position of said carrier relative to said
sensing means in the said cyclic permuting binary-decimal
code.

19. A digital encoder comprising a carrier having a
plurality of regions marked in accordance with a cyclic
permuting binary-decimal code in which the digits 0 to 9
of the cyclic permuting decimal code of the preferred type
described are represented in a binary code which is cyclic
permuting at least for each unit change in the decimal
digits 0 to 9 and from 9 directly to 0, and sensing means
to provide an output indicative of the position of said
carrier relative to said sensing means in the said cyclic
permuting binary-decimal code.

20. A digital decoder for converting into normal de-
cimal form a cyclic permuting binary-decimal code
wherein a binary word representing a digit in the cyclic
permuting decimal code of the preferred type described
is the same, except for a complementing binary digit, as
the binary word representing the cyclic permuting deci-
mal digit’s complement on nine and comprising gating
means for examining the binary words representing the
cyclic permuting decimal digits and for changing the
complementing binary digit of the binary word repre-
senting a cyclic permuting decimal digit when, and only
when, the normal decimal digit of next greater signif-
icance than the cyclic permuting decimal digit is odd,
and means connected to the output of said gating means
for decoding the resulting binary word into its normal
decimal equivalent.

21. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track, means for producing
relative movement between said element and said sensing
means in accordance with an analog signal to be con-
verted, said preselected pattern of binary characters for
each decimal order comprising four binary characters
representative of a decimal digit arranged in four sep-
arate tracks to allow all of the binary characters for
each decimal order to be simultaneously sensed, the
binary characters are identified as the characters ABCD
and are arranged in the following successive order to
represent the decimal digits zero through nine:

=
=
Q
=

HHOOOOOOKMM
CHHMHEOOMMMS
COOHMHMMOODO
MHAMAHROCOOO
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wherein the symbol x represents a binary character of
one kind and the symbol o represents a binary character
of the other kind, said group of binary characters for
successive decades of the same decimal order are alter-
nately arranged in inverse decimal order from the above
order, said combination of binary characters representa-
tive of the decimal digits for each decade of a decimal
order are further characterized by the ability to rep-
resent a binary coded decimal digit and the 9's com-
plement thereof by inverting the binary value of the “D”
binary character for each unique combination of binary
characters, means for determining whether each of the
digits of each of the decimal orders except the lowest
decimal order is man odd or even decimal digit, and
translating means responsive to said last-mentioned
means for inverting the binary value of the “D” binary
character only when said last-mentioned means indicates
that the next higher decimal order is odd and responsive
to said sensing means for indicating the correct decimal
digit.

22. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track in accordance with an
analog signal to be converted to produce an output in-
dicative of the position of said element relative to the
sensing means, said preselected pattern of binary charac-
ters including a unique group of four binary characters
representative of each decimal digit arranged to include
the following groups of binary characters in a preselected
order:

HMMOODOOOMM
OMMMHMOOMMMO
COOMMMMOOO
HMHMMHOOOOD

wherein the symbol x represents a binary character of
one kind and the symbol o represents a binary character
of the other kind.

23. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track in accordance with an
analog signal to be converted to produce an output in-
dicative of the position of said element relative to the
sensing means, said preselected pattern of binary charac-
ters including a unique group of four binary characters
representative of each decimal digit arranged in four
separate tracks arranged to include the following groups
of binary characters in a preselected order to represent
decimal digits:

HMOOOCOQOOMM
COoOOMHMMMHOOO
MHHMMMOOOOO

OMMHOOMMMO

wherein the symbol x represents a binary character of
one kind and the symbol o represents a binary character
of the other kind, said combination of four binary char-
acters are further characterized by the ability to repre-
sent the correct binary coded decimal digit by inverting
the binary value of a preselected binary character when
the higher order digits are odd.
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24. An analog-to-digital converter including an ele-
ment having a preselected pattern of binary characters
recorded in tracks thereon, means for sensing preselected
binary characters in each track in accordance with an
analog signal to be converted to produce an output indic-
ative of the positions of said element relative to the
sensing means, said preselected pattern of binary char-
acters including a unique group of four binary characters,
ABCD, representative of each decimal digit arranged in
four separate tracks to include the following groups of
binary characters in a preselected order to represent deci-
mal digits:

A B C D
x ] ] 1]
x X [ [
2] X o (]
(1] x X [
1] () x ]
] [ x X
o x x X
] X o X
X X [ x
x [ ° x

wherein the symbol x represents a binary character of
one kind and the symbol o represents a binary character
of the other kind, said combination of four binary char-
acters are further characterized by the ability to represent
the correct bimary coded decimal digit by inverting the
binary value of the “D” binary character when the higher
order digits are odd, and decoding means including means
for determining whether the next higher orders are odd
or even for inverting the binary value of the “D” binary
character when the higher order digits are odd for decod-
ing the binary characters into the normal decimal digits.

25. A digital encoder comprising a code element af-
fording various combinations of at least four binary
characters to represent decimal digits having a plurality
of decimal orders, each decimal digit being represented
by a unique combination of at least four binary characters
wherein the binary characters representative of succes-
sive decimal digits differ in only one binary character,
the group of binary characters for successive decades of
the same decimal order being arranged in a modified
decimal order whereby the successive combinations of
binary characters representing successive decimal digits
of adjacent decades are the same, the combination of
binary characters representative of the decimal digits for
each decade of a decimal order are further characterized
by the ability to represent a binary coded decimal digit
iand the nine’s complement thereof by inverting the binary
value of the same binary character for each unique com-
bination of binary characters when the next higher deci-
mal order is of a preselected parity, and sensing means to
provide an output indicative of the position of said code
element relative to said sensing means in terms of the
binary characters defining a discrete position.

26. A digital encoder comprising a carrier having a
plurality of regions marked in accordance with a cyclic
permuting binary-decimal code in which the digits 0 to
9 of the cyclic permuting decimal code are represented
in a binary code which is cyclic permuting at least for
the decimal digits 0 to 9, a binary word representing a
decimal digit in the binary code differing from a binary
word representing that decimal digit’s complement on nine
by a change of the binary digits and an odd cyclic per-
muting-decimal digit being represented by an odd number
of binary digits 1, and sensing means providing an out-
put indicative of the position of said carrier relative to
said sensing means in the said cyclic permuting binary-
decimal code.

27. A digital decoder for converting into normal
decimal form a cyclic permuting binary-decimal code
wherein a binary word representing a digit in the cyclic
permuting decimal code is the same, except for comple-
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menting binary digits, as the binary word representing
the cyclic permuting decimal digit’s complement on nine
and comprising gating means for examining the binary
words representing the cyclic permuting decimal digits
and for complementing the binary digits of the binary
word representing a cyclic permuting decimal digit when,
and only when, the normal decimal digit of next greater
significance than the cyclic permuting decimal digit is
odd, and means connected to the output of said gating
means for decoding the resulting binary word into its
normal decimal equivalent.

28. A digital encoder including an encoding element
having a plurality of regions marked with a pattern of
unit distance, cyclic permuting binary-decimal characters
recorded thereon in a plurality of tracks in a preselected
relationship,

means for sensing preselected portions of the binary-

decimal pattern of each track on the encoding ele-
ment to produce electrical output signals therefrom,
means for producing relative movement between the en-
coding element and the sensing means to produce
electrical outputs indicative of the position of the
element relative to the sensing means, the electrical
output signals from the encoder being generated by
the sensed relationship of the preselected pattern and
the sensing means to provide binary-decimal output
signals representative of each digit of a multi-order
decimal digit, the output signals being arranged for
representing selected decimal digits in correct se-
quence, ascending or descending so that the decimal
digits of the same decimal order and successive deci-
mal orders are defined by electrical signals having
the unit distance, cyclic, permuting binary-decimal
characteristics in the selected decimal digits 0 to 9
and from 9 directly to 0 including the following
groups of binary binary output signals arranged in
said decimal sequence to have said characteristics:

X 000
XXo00
0X0o0
00X XO
00XO
00X X
OXXX
0XO0X
XX0X
X00X

wherein the symbol X represents the relationship of
a segment and sensing means on the encoding ele-
ment Jor generating a binary electrical output signal
of one kind, and the symbol O represents the rela-
tionship of a segment and sensing means on the
encoding element for generating a binary electrical
output signal of the other kind.

29. A digital encoder as defined in claim 28 wherein
said binary output signals as recited therein represents the
decimal digits 0 through 9 and from 9 directly to 0 in the
correct, descending decimal sequence.

30. A digital encoder as defined in claim 28 wherein
said binary output signals as recited therein represent the
decimal digit 9 through 0 and from 0 directly to 9 in the
correct, descending decimal sequence.

31. A digital encoder including a rotatable shaft carry-
ing an encoding element having a plurality of regions
marked with a preselected binary pattern recorded in
tracks thereon for generating unit distance, cyclic permut-
ing binary-decimal electrical signals from the pattern,

means for sensing preselected binary segments in each

track in accordance with the movements of the shaft
to produce said electrical output signals indicative of
the position of the element relative to the sensing
means, the electrical output signals from the encoder
being defined by the relationship of the preselected
pattern and the segments sensed by the sensing means
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to provide binary output signals representative of stc-
cessive decimal digits in terms of a multi-order deci-
mal digit and wherein the decimal orders are arranged
in a preslected sequence, ascending or descending, for
representing the decimal digits of each order in terms
of electrical signals having the unit distance, cyclic
permuting binary-decimal characteristics in the se-
lected decimal digits 0 to 9 and from 9 directly to 0
wherein said output signals include the following
groups of binary output signals arranged in said
decimal sequence:

HMHOQOOQOOO ™M™
QMBI QOO M MMNO
COOMMMMQOOO
MMMNMMOQOOQDO

wherein the symbol X represents the relationship of
a segment and sensing means on the encoding ele-
ment for generating binary electrical output signals
of one kind, and the symbol O represents the rela-
tionship of a segment and sensing means on the en-
coding element for generating binary electrical out-
put signals of the other kind.

32. A digital encoder as defined in claim 31 wherein
the binary pattern recorded on the embodying element is
recorded in terms of electrically conductive and electri-
cally non-conductive segments and the encoding element
includes means for electrically energizing all of the con-
ductive segments recorded thereon for producing the elec-
trical output indications from the sensing means having
the unit distance, cyclic permuting, binary-decimal prop-
erties.

33. A digital encoder as defined in claim 32 wherein the
sensing means comprise electrically conductive means
adapted to provide said electrical output signals upon en-
gagement with an electrically energized conductive seg-
ment on the encoding element.

34. A digital encoder as defined in claim 33 wherein
the sensing means comprise brush means arranged in a
preselected pattern for continuously sensing the segments
on the encoding element.

35. A digital encoder as defined in claim 34 wherein
the encoding element is a disc having said binary pattern
recorded on at least one face thereof and the brush means
are radially aligned relative to the encoding disc.

36. A digital encoder including an encoding element
having a plurality of regions marked with a pattern of
binary characters recorded in tracks thereon for generating
electrical output signals having a unit distance, cyclic
permuting binary-decimal properties therefrom,

means for sensing preselected portions of said binary

characters of each track on the encoding element
to produce electrical output signals therefrom, means
for producing relative movement between the encod-
ing element and the sensing means to produce elec-
trical output signals indicative of the position of the
element relative to the sensing means, the electrical
output signals from the encoder being defined by the
relationship of said pattern and the sensing means to
provide binary-decimal electrical signals representa-
tive of successive decimal digits of multi-order deci-
mal digits arranged in a preselected order for repre-
senting the selected decimal digits of each decimal
order in the correct decimal sequence, ascending or
descending in terms of electrical binary signals hav-
ing the unit distance, cyclic permuting, binary-deci-
mal characteristics in the selected decimal digits 0
to 9 and from 9 direcily to 0 including the following
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groups of binary output signals for successive decimal
orders arranged in the following sequence:

X000
XXo00
0X0O0
00X XOo
00XO
00XX
00X XX
OX0X
XXo0X
X00X
X00X
XX0X
0X0X
OX XX
00X X
00XO
OXXO
0OXo0o0
XXo00
X000

wherein the symbol X represents the sensed relation-
ship of a segment and sensing means on the encoding
element for generating a binary electrical output sig-
nal of one kind, and the symbol O represents the
sensed relationship of a segment and sensing means
on the encoding element for generating a binary elec-
trical output signal of the other kind.

37. A digital encoder as defined in claim 36 wherein
said binary output signals represent the decimal digits of
successive decimal orders in the fashion of the units and
tens orders, - 0,1,2,3---9,19, 18,17 ---12,11, 10 -
when arranged in the aforementioned sequence.

38. A digital encoder as defined in claim 36 wherein
the encoding element comprises a disc having the pattern
recorded thereon and mounted on a shaft to be rotatable
therewith, the pattern being recorded on the encoding ele-
ment in terms of electrically conductive and electrically
non-conductive segments and the encoding element in-
cludes means for electrically energizing all of the conduc-
tive segments recorded thereon for producing the electri-
cal output indications from the sensing means having the
unit distance, cyclic permuting binary-decimal properties.

39. A digital encoder as defined in claim 38 wherein
the sensing means comprise electrically conductive means
adapted to provide the electrical output signals upon en-
gagement of an electrically energized conductive segment
on the encoding element.

40. A digital encoder as defined in claim 36 wherein
the sequence of the binary owtput signals are characterized
by the ability to provide a correct desired decimal se-
quence throughout the decimal orders by changing one
of the binary output signals of the inverted sequence of
the decimal signals to represent the binary signal of the
other kind.

bj

10

20

30

40

45

5

(=3

34

41. A digital encoder as defined in claim 36 including
means for decoding said binary output signals into the
normal decimal equivalents.

42. A digital encoder as defined in claim 36 for rep-
resenting decimal digits wherein the odd decimal orders,
the tens, etc. are arranged in inverted decimal sequence
and the even decimal orders, the units, etc. are arranged
in correct decimal sequence,

43. A digital encoder comprising a carrier having a
plurality of conductive and non-conductive regions re-
corded and arranged in tracks thereon in accordance with
a cyclic permuting binary-decimal code in which the re-
corded and arranged in tracks thereon in accordance with
are represented in a binary code which is cyclic per-
muting at least for each unit change in the decimal digits
0 to 9 and from 9 directly to 0, the elements of the
binary code being represented by the conductive and non-
conductive regions of the carrier,

and sensing means engaging the conductive and non-

conductive regions of each track of the carrier to
provide an electrical output indicative of the position
of said carrier relative to said sensing means in the
said cyclic permuting binary-decimal code upon the
production of relative movement between the carrier
and the sensing means.
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