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5 Clatms. (ClL 340—172.5)

This invention is concerned with 2 method of and ap-’

paratus for producing in binary teleprinter code extended
punched coding tapes of very long period, for use in cod-
ing machines. .

Some of the important terms which will be used herein
shall first be defined to facilitate understanding.

The term symbol element is commonly used in the
telegraph and teleprinter arts, referring to the element of
a symbol that can be represented by + and — or 1 and
0 or hole and no hole.
binary symbol elements are represeated by hole and ro
hole (absence of hole).

A symbol element sequence consists of successive sym-
bol elements regardless of using, for example, the S-ele-
ment or the 7-element teleprinter code. In the case of
punched tape operation, the symbol element sequence is
a sequence of hole and no hole disposed in parallel to
the longitudinal extent of the punched tape, the 5-element
code tape thereby having five symbol element sequences.

The term symbol element combination designates, de-
pending upon the code used, a combination of 3, 5 or 7
symbeol elements. For example, in the case of a punched
tape for the 5-element code, a symbol element combina:
tion is a combination of 5 elements (hole and no hole)
disposed perpendicular to the longitudinal extent of the
tape or transverse thereof.

In operation with punched tape,
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The designation sequence of symbol element combina-

tions means a succession of symbol element combina-
tions extending one after the other im the longitudinal
direction of the punched tape. For example, any punched
tape for the 5-element or the 7-element teleprinter code
can be designated as havmg a sequence of symbol ele~
ment combinations.

A coding tape is said to be periodic when it carries
transversely extending sequences of binary symbol ele-
ment combinations (for example, punched 5-element
groups), which are periodically repeated. The number
of the symbol element combinations in such sequence is
referred to as the period of the coding tape.

Coding methods are known wherein binary symbol
elements of an aperiodic coding tape, produced indi-
vidually, following no law and with senseless and arbi-
trary distribution of the code groups are multiplicatively
superimposed upon the binary symbol elements of clear
text tapes carrying the message to be coded, for exam-
ple, in the form of punched 5-clement or 7-element
groups. The individual 5-element groups of both tapes
are simultancously scanned along mutually correspond-
ing places and the signs of the corresponding punched
symbol elements (for example, hole=plus; no hole=
minus) are electrically multiplied according to the
algebraic sign rules, such that +-d=-; —ru=_|;
++—=—; —'--=—. While this method is dependable
from the standpoint of coding technique, it has the or-
ganizational and technical disadvantage that the aperiodic
coding tape must be as long as the clear text tape and
can be used only once.
considered as an improvement on the invention dis-

The present invention may be *
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closed in copending application Serial No. 543,549,
now U.S. Pat. No. 2,949,501, filed October 28, 1955.

The copending application Serial No. 543,549 describes
apparatus for effecting transverse reading of symbol ele-
ment combinations, in the production of extended cod-
ing tapes, comprising rotatable disks functioning as
storers, ferromagnetic coatings being provided peripher-
ally of the disks for magnetically storing the symbol ele-
ment sequences, the disks rotating at different speeds
acting in the manner of aliquant numbers but so that all
disks simultaneously execute a symbol element step.

Another prior structure proposes sunphﬁed apparatus
for effecting the transverse reading, comprising a drive
motor, a reduction gear, a shaft driven by the reduction
gear and carrying n sprocket wheels having the same di-,
ameter and the same number of sprocket teeth, such
teeth engaging into transport perforations prov1ded cen-
trally of endless bands which are respectively formed
of a plurality of punched coding tapes joined by gluing
or suitable cementing; furiber comprising n groups . each
with z photoelectrical or electromechanical scanning de-
vices disposed in a row in paralle]l to and in front of the
sprocket shaft, only one scanning device in each group
being at any time operatively connected for simultane-
ously scanning from the n punched tapes n longitudinal
hole sequences which are in this manner combined.

The common feature of the apparatus according to
the two above noted prior structures, for producing ex-
tended punched coding tapes by gradual shifting of the
individual symbol element sequences each with respect
to the others, resides in .the utilization of electrome-
chanically operating devices comprising rotatable parts.
This limits the speed of producing the extended punched
coding tape, which is for some coding purposes insuffi-
cient, for example, when it is intended to produce, in-
stead of extended punched tapes, extended sequences of
1mpulse combinations to be used directly for coding, that
is, without first producing an extended punched tape.
Moreover, wear of the parts that may cause operation
disturbances occurs gradually in the case of magnetlc
as well as optical scanning of mechanically moving stor-
ers including magnetic disks, magnetic tape and punched
paper tape.

The present invention proposes to produce symbol com-
bination sequences of exiremely long perlod in-a binary
code, for coding machines, by the use of a relatively
short, aperiodic, arbitrarily chosen sequence of symbol
element combinations, whereby the symbol element se-
quences respectively formed from the 1st, 2nd; 3rd, etc.
symbol elements (for example, -+ and — or 1 and 0 or
hole and no-hole) contain symbol element numbers no
two of which have a common divisor, and aveids the use
of mechanically moving parts by storing the bma1y sym-
bol elements of the symbol element sequences in storage
elements which allow as frequent reading as desired but
retain the binary information stored therein, and elec-
tronically simultaneously and pericdically réading with
the same stepping speed the storage element sequences
corresponding to the symbol clement sequences from a
desired selectable and agreed upon mutual start posmon )

The apparatus according to the invention comprises
a plurality of storage. elements (for example switches,
telays, flip-flop stages, magnetic ring cores) in number
corresponding to the total number of the. binary symbol
elements of the symbol element sequences, said storage
elements being arranged in different storage sequences
corresponding to the different symbol element sequences,
the individual storage elements being respectively set in
accordance with one of the two binary positions thereof
corresponding to the binary signal element respectively
alotted thereto; further comprising an impulse generator
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servmg asa trmer, the frequency of said timer determin-

ing the scanning speed of the storage elements, an elec

tronic: counter for each 'storage element sequence for
periodically counting the impulses of the impulse generator
up to'a number which is equal to the number of stor:
age elements of the correspo*ldmg storace element se-
quence, an indicating or signal device for each counter
having a nurnber of outputs whiz h is equal to the num-
ber of the storage elements of the respe tlve stor_age
element sequence, potential changes successively occur-'
Ting unpulse-wrse at said outputs, a settng devrce for
each counter by which the. counter' may be set to a de-
sired counting result within its counting perlod and
‘comprising ‘moreover ‘4 number of reading devices which
is equal to the numbér of storage elements of cach stor-
-age ‘sequence, each readmg device bemfr on its input
srde connected with a storage - element of the- storage

element sequence and:the correspondmg output being.

connected with.: the srgnal or “indicating device belong-
ing to the storage sequenice, the outpufs of sard readmg

20

devrces being for each storage element sequence Tespec- -

twely connected wuh a .common’ output line at which
will incident to comtinuous readmg successively appsar

the 1mpulse combinations of the extended impulse com- -

bmatmn sequence in the rhythm' of the impulse generator.

) The scanning of the storage element sequences is ac-
cordmgly effected purely electromca.ly without the use
of mechamcally moving parts, thereby avoxdmg the previ-
ously mentjoned disadvantages residing in limited speed
of productxon of tne rmpulse combnatrons and the wear
-of parts.

The vanous objects and Features of the invention wxll
'appear in the course of the descrlptmn of an embodr-
ment thereof whrch is rendered below with: reference to
the_ accompanymo drawings, FIGS. 1-5.

FIG 1 shows in block diagram manner the basrc cir-

25

30

35

curt arrangement usmg swrtches or relays as storage ele- _

ments,

FIG.. 2 represents a statlonary electrical storer u:,rng
a punched tape; -

FIG 3 shows in -block dragram manner the c1rc.nt

~40

of a stonng and scanning dev1ce using a punched tape )

and magnetlc ring cores as storage elements;
FIG “4 illustrates a storage Ting core which retains
_ its stored 1nformat10ns, allowing readmg as often as de-
’srred and

"FIG.'5 shows a transﬁuxor exhibiting the same proper-
ties asthe ring core..

‘To aid: the understandmg of FIG.: 1 it shall be as-
sumed that ‘the 'shorf symbol element combmatron se-~
quence wlnch is to be extended, is present in a binary
ﬁve-element code, for example, in the form of plus-

mmus combmatlons noted one below the other upon a .

r sheet or in the form of a correspondingly punched
It shall
’ further be assumed that the five symbol ‘element - sg-
quences formed. respectrvely from the 1st, Znd, 3rd,
- .4th"and 5th symbol elements. and lying perpendlcularly
to the’ combmatlons, are -of different length and exhibit
numbers of symbol elements no two of which have a
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- common drvrsor, for example, about numbers such as -

The

: pe‘ od of the symbol element sequence system is equal

to the product of: the.periods of the individual symbol
1e; 1} "sequences and amounts io

My Mg mgr 11y m5~2005

In FIG. 1, PG is an impulse generator the impulses of
whrch are penodrcally counted by electronic counters
21 - .« Zs which ‘are connected - in parallel thereto.
These counters which may, for example, consist of
: countmg tubes or flip-flop circuits are set so- that they
respecnvely count up to myst . ... msth impuise where-
upon they begin to count anew at the (my-+1)st .
(n15+1)th xmpulse, such counting contmumo for the
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duratlon' of the operaticn of the system. - References
Ay, Ag . . . Aj indicate electronic indicating and read-

" ing devices, there being five such devices, three of which

are shown, which are respectively connected with the
corresponding counters and ‘'which consist, for example,
of diede matrices in case the counters Z; . . . Zs are
binary counters Each of the reading devices has
my .. Mg outputs, the numbers of outputs being equal
to the counting periods of the pespectwely correspond-
ing counters. ‘Incident to the counting of the impulses,
potential alterations will successively appear at the in-
dividual ountputs of an indicating device. - The outputs
extend by way of manually controlled switches S; . . . Sy
to the 1npdts of a correspondmg number of electronic
gates T, ... Ty The switches S constitute setting de-
vices for the counters Z. When one of these switches
is briefly switched into its left hand position, a pulse is
given from the current source B to the corresponding
output of the indicating device. The consequence is
that the counter is set to the count-number allotted to
the corresponding outlet. “For example, if the mth out-
put. is energized, the counter will be placed in the po-
sition which it would ‘have assumed if it had counted
to the mth impulse..- When a first impulse is now ex-
tended to the counter, the indicating device will 1eglster

-, this impulse as m--1, a potential variation appeanng
- briefly at its (m--1)th output.

Allotted to each counter Z and indicating device A co-
operatwely associated therewith are swrtches Ui...Um

indicated in corresponding vertical columns, the co'ltactsv

of these switches being connected to the common cur-
rent source B. ~These switches U together with the cur-
rent. source :B. constitute binary electromechanical stor-
age elements for electromechanically storing the symbel
elements of the symbol element sequences which are to
be stored, This is effected by manually actuatmg the
swrtches U upwardly and downwardly or vice versa, ac-

tcordmg to the symbol elements 4 and — or hole and

no-hole of the noted symbol element sequences, where-
by the second inputs of the gates Ty . . . Tmi, respective-
ly connected to the switches will respectlvely assume pos-
itive and negatrve potential.  The symbol elements of

~the rernammg symbol element sequences are correspond-

ingly stored in the remaining storage element sequences.
The stormg of the symbol elements of the symbol ele-
ment sequences is therewith conciuded. The outputs of
the individual mdlcaunor devices A are numbered from
1 through to m in accordance with, the resp\,ctlve num-
bers thereof.. Customary relays connected i in holding cir-
cuits or polarized relays, adapted to be set by key con-
trols may be. employed in place of the switches U.

The scanning of the- storage element sequences is ef-
fected in the followrng manner:

The counters Z continugusly and periodically count the
impulses: supphed by the impulse generator PG, up to
the number of storage elements provided per stor age ele-
ment sequence. ‘The potential changes occurring with
each counting impulse at the corresponding outputs of
the mdrcatmv devices A open the gates T respectively co-
operatmg therewith ‘and release the respective plus- or
minus voltages set by the positions of the sthches U, im-
pulse-wise to ‘the..common:output lines Ly .. . L;, the
changing impulse combinations appearing at the telmmals
K; .. . K; where they are taken off. Owing to the dif-
ferent number of storage elements of the individual stor-
age element sequences, a mutual shifting of the individ-
ual storage element sequences will occur responsive to
each scanning of the sequences, giving rise to changing
impulse combinations of the 32 possible' combinations.
In the course of operation, each storage element of a se-
quence is scanned once slmultaneously with each stor-
age element of the remaining sequences, and the scan-
ning results ‘appear as transverse combinations at the ter-
minals Ky . . . Ky; the period of the impuise combinations
is equal to the product of the 11d1v1dual periods of the
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storage element sequences due to the aliquant nature of
the numbers of storage elements of the individual stor-
age element sequences. This means that, when the scan-
ning proceeds from a predetermined initial start position
of the storage elements of the storage sequences, this
start position wili for the first time recur only after a
number of counting steps which is equal to the product
of the storage element numbers of the storage element
sequences. Since the counters Z can be set prior to the
counting thereof, to a desired counting result within their
counting ranges, it is possible to proceed with the scan-
ning from a desired initial start position of the storage
elements of the storage element sequences. For example,
if it is desired to start from an initial position represented
respectively by the nyth, nyth, nsth, ngth, ngth storage ele-
ment of the five storage element sequences, the corre-
sponding counters must be set to ny~1, ny-2, ny-3, ny-1,
ns—1.

If the notation of the short symbol element combina-
tion sequence which is to be extended is present in the
form of a punched tape, the storing can be effected by
means of the device according to FIG. 2, instead of by
means of manually actuated switches or relays, such de-
vice constituting a further storage arrangement. '

Referring to FIG. 2, numeral 1 designates a plate made
of non-conducting material corresponding in length to
the punched tape 2, in which is embedded a thin conduc-
tive metal plate 3 corresponding in width to the width
of the punched tape. Numerals 4 and 5 indicate two
removably disposed bar-like frames of insulating material
in which are fastened L-shaped feeler springs 6, 7, the op-
posite ends of these springs forming soldering tabs pro-
jecting from the frames. The punched tape 2 is placed
upon the metal plate 3 and is fixed in a certain longitu-
dinal position proper for the feeler operation, by pins 11
arranged upon the metal plate 3 which engage into the
transport perforations 18. For each five-element trans-
versely extending symbol element combination, there are

20
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provided five feeler levers respectively indicated at 6 and .

7, two of which are carried by the left hand frame 4 and
three of which are carried by the right hand frame 5.
When the feeler levers encounter holes in the punched
tape, they project therethrough and make contact with
the metal plate 3. At all cther places, contact engage-
ment of the fecler levers with the metal plate is prevented
by the intervening paper tape. The metal plate 3 is
connected with the positive pole of a current source 13
and each soldering tab § and § is connected with the nega-
tive pole of the current source 13 by way of a resistor
i2. All soldering tabs are connected with the correspond-
ing left hand inputs of the gates T shown in FIG. 1. Re-
sponsive to contact engagement, current will flow from
the positive pole by way of the metal plate to the nega-
tive pole of the current source 13. At the soldering tab
9 will then be positive potential. Negative potential wiil
be at 9 if there is no contact engagement established due
to the intervening paper between a feeler lever and the
metal plate. The system of the feeler levers together with
the metal plate accordingly completely substitutes for the
switches U.

In place of the feeler lever arrangement shown in FIG.
2, there may be provided with equal effect a pin frame
with equally long resilient pins, which is placed with
slight pressure with the pins facing downwardly upon the
punched tape disposed on the metal plate, the individual
pins establishing or not establishing contact engagement
with the metal plate depending upon whether they are
or are not in aligniment with a hole in the punched tape.

FIG. 3 represents in block diagram manner a further

embodiment for the storing of the binary informations |,

of a punched tape in electronic storage elements in the
form of magnetic storage ring cores which retain the in-
formation stored therein allowing reading thereof as often
as desired, and for the periodic electronic scanning of
these storage elements. The operations are to be con-
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sidered in accordance with two aspects, namely, first, the
storing of the punched tape informations upon the storage
ring cores and, second, the scanning of the storage ring
cores. ‘

(1) The Storing

Between the filament lamp 14 which is disposed trans-
verse of the punched tape 2 and closely in front thereof,
and the five photocells or photo diodes 15, disposed
opposite the filament of 14, is guided the short punched
tape 2 which is to be exfended, such tape containing
arbitrarily chosen hole combinations 16 in the five-ele-
ment code. The punched tape 2 is transported by a
sprocket drum 17 having teeth I8 which engage into
transport holes 19 formed centrally of the punched tape
2. Whenever a hole of the hole combination permits
during the motion of the punched tape with respect to
lamp 14 passage of the light, a photo current will be pro-
duced in the oppositely positioned photo diode %5 illumi-
nated thereby. Of the six photo diodes, the dicdes indi-
cated by numeral 15 will act each by way of an amplifier
20 and an electronic switch 21 on five similar switching
arrangements which will hereafter be referred to as
storage channels. In view of the similarity of these
channels, it will suffice to describe only one.

_The photo diode 22 is in a separate position, being
aligned with the track of the transport perforations 19
of the punched taps 2 and producing a current impulse
incident to each transport step. These impulses are
extended over an amplifier 23 to the elecironic switch
24 which assumes for a brief interval working position
responsive to each:impulse. From the switching over
of the switch 24 is obtained an impulse which is extended
over. the mechanical switch' 25 and the line 2¢ to the
electronic gates 27 lying at the input of each channel.

It shall be assumed that the gate 27 of a channel, which
is an “And” gate, is open, that is, that there is no voltage
on line 28. The impulse accordingly can pass through
the gate and reaches the collective line 29. "This line is
the control line for an electronic counting chain compris-
ing the bistabie flip-flop switches 38, 31, 32, etc. through
to 33 and 34. The output of each switch is connected
with the input of the next successive switch. In this
switching chain, known as such, any given fiip-flop ‘switch
consisting of a directional diode amplifier pair (double
triode or transistor pair) may initially be in the prefer-
ence position “In” while all others are in the position
“Out.” A blocking impulse on the common control line
29 blocks the single one of the switches which is in the “In”
position, while all others remain unaffected by such im-
pulse since they are disconnected. The switch which
switches back gives a strong opening impulse to the re-
spectively succeeding switch which now goes into the “In”
position. This occurs despite the blocking impulse on the
common control line 29 because the opening impulse is
stronger than the blocking impulse on the control line and
because the first becomes effective somewhat later than
the latter and thus determines the end condition.

It shall be assumed that the switch 34 is at the start
of the present considerations, that is, upon receipt of the
first impulse from the timing channel 22—27%, on the
line 29, in this preference position. This impulse switches
the switch 34 back into its normal position. From this
switching back which consists in the changing-over from
one stable position of the flip-flop switch into the other
position thereof, is by differentiation obtained an impulse
which places into the “In” position the mechanical switch
36, over line 35, and over line 37 the first switch 3¢ of
the counting chain. Due to the switching over of the
switch 30 which also is a flip-flop switch, there appears
on line 38 a new impulse which reaches the gate 39 and,
provided that such gate is open, causes switching over
of the electronic switch 49. The latter gives a strong
impulse to the magnetic storage core 41 which thereby
becomes permanently magnetic and remains in this con-
dition without any auxiliary measures. The second tim-
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ing impulse on the line 29 switches the switch 30 back
- again, thereby causing the switch 31 to go into the “In”
position. - An-impulse thereby effected in 31 reaches the
gate 42, The line 43 may be assumed to carry voltage
at that instant, so that the gate 42 is blocked. The switch
44 ‘accordingly remains at normal and the storage ccre
45 is not energized. Further impulses reach the line 29
in-regular sequence from the timing channel and all
switches from 32 to the last one of the chain, switch 33,
- are successively switched. - The respectively -associated
switches 46 to 47 are or are not switched, in accordance
with the voltage condition of the line 43 obtaining at
the respective switching instant, and the storage cores
48 to 4% accordingly are or are not made permanently
magnétic. -
The number of the counting switches 3¢ to 33 is equal
" to the number of perforation holes of the first symbol
element sequence: of the coding tape to be extended.
- This number is chosen so that it does not have a common
divisor with any of the number of the counting switches
.of the other four channels. Responsive to switching-in
of the last switch 33, there is extended a blocking impulse
to the gate 27, by way of line 5¢ and the mechanical
switch 51, whereby further txrnmg impulses are kept away
{rom the line 29.

8

which the switch 34 is omitted. The actuated switch 56

* disconnects the minus (—) line from the storage cores

10

41,.45, 48, etc. to.4% and connects the minus (—) poten-
tial to the scanning rifig cores 68, 61, 62, etc. to 63. The
actuated switch 51 disconnects the blocking line 59 from
the gate 27 which must be open during the scanning.
The coding partners must prior to the start of the scan-
ning agree “as to .the relative start position of the in-
dividual storers in the individual channels from which
the ‘scanfiing shall be started. These start positions of
the individual storers are set as follows:

1t has been explained in connection with the descrlp-
tion -of the storing, that the switching-in of oue of the

. ring switchés 39-33 is effected by the switching-back of
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The switch 21, as already “described, is controhed by -
“the photo diode 15 which is xllummated through. the

‘holes of -the first longitudinal hole sequence of the
punched tape.2 representing the first symbol element
sequence. In accordance with the. switching condition
of 21, there will or will not be voltage on the line 43
which will-or will not block the gates 39, 42, 52, etc.
through to §3. - The storage cores 41, 45, 48, etc. through
to 49 accordingly are or are not made permanently mag-
netic. - The permanent: magnetic condition of ‘a storage
“core accordingly corresponds to. a hole and the non-mag-
netic -condition corresponds to absence of a hole in the
punched tape. In the storage arrangements of the 2nd,
3rd, 4th and. 5th channels, there are stored in the same
. manner, in the storage cores thereof, the binary informa-
- tions contained ‘as holes ‘and no-holes in the 2nd, 31d,
4th and 5th longitudinal holé’ sequence (symbol element
sequence) of the punched tape. The storing is terminated
‘when the storing of the binary symbols of the hole se-
. .quence is in the storage arrangement of the channel con-

~cluded with the greatest number of counting switches.

In ‘case the described storing was mot the ﬁI‘SL, so that
storage cores are still permanently excited from previous
storing operations, all storage cores must be demagnet-
ized prior to each new storing operation. A key 54 is
-provided for this purpose, the depression of which causes
a current to flow through all storage cores, the magnitude
of such current being controlled by the resistor 53 and
the direction of the current being such as to cause the
cores to be demagnetized.

(2) Scanmng

The switching-over of the mechanical switches 25, 36,
" 581 and 56 produces all connections required for the scan-
ning of the stored symbol elements, while all connections
are ‘interrupted that were required for the storing but
would disturb the scanning. - The switching-over of the
switch 25 above-all disconnecis the inputs of all channels
from the timer 22—24 of the photo-electrical scanning

of the punched tape and connects the channejs to the -

impulse generator 57 as a timer, such timer confrolling
the channels for the scanning by way of the differentiator
58 and the switch 59. The frequency of the impulse
generator 57 is very considerably higher than that of the
photo-electric ‘timer 22—24. The switch 59 is the start

switch for the scanning and for the time being shall be
The actoated switch 36 connects.

assumed to be open.

.ment:

the preceding one. For example, if the first channel is
to start with the swnching-m of its first switch 38, the
switch preceding it, which is the last switch of the ring,
namely, switch 33, must be positively set to the prefer—
ence position. - This is effected by brief actuation of the
key 64. which is associated with the first switch 36 but
which actuates the switch 33.

Each channel can start with any desired storage ele-
For example, if another chapnel is to start with
the third storage element, that is, with the switch 32,
the switch 31 precedmg 32 is brought into the “In”. posi-

tion by the associated key 65. The switch 32 wiil thus

be switched-in upon scanning recponswe to the first tim-
ing pulse from 57. : The three remaining channels are

E s1mllar1y brought into corresponding start positions based

30

upon agreement betwsen the coding partners.
The scanning starts with the actuation of the mechan-
ical start key 52. The timing pulses of the timing gen-

. erator 57 are extended by way of line 66, switch 25,
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the output of the electronic switch 33 by way of line 37 -

with the input of the switch 39 and connects the chain
comprising the switches 30-33 in a ring circuit from

5

line 26 and gates 27 to the control line 29.  According
to the assumed example, the first impulse effects in the
first channel switching back of the switch 33 while
switching-in the switch 38; the second impulse effects
switching back of the switch 3¢ while switching-in the
switch 31, etc., until after the switching-in and switching-
out of switch 33, the switch 38 is switched-in again, when
a new switching cycle is started. ‘The switches of the
switching ring are actuated with constant speed in the
rhythm of the impulses delivered by the generator 57.
Similar operations are. effected in the remaining channels
connected in parallel to the line 26, in which operations
start with any other previously selected switches. Owing
to the different. number of storage -elements of the in-
dividual channels, a mutual shifting of the storage ele-
ment sequences will occur after each scanning thereof,
and due to the aliquant nature of the numbers of storage
elements, a given start constellation of the storage ele-
ment sequences can occur only after a number of steps
which is equal to the product of the storage element
numbers of all five channels.

Current impulses are produced on the lines 67 68, 69,
etc. to 70, by the switching-in of the electronic switches
30, 31, 32, etc. to 33, such impulses being extended
through the storage ring cores 69, 61, 62, etc. to 63.. A
reading line 7% is carried through all- of these cores
which terminates in the primary winding of the trans-
former 72.  Current impulses induced in the line 71 by
current impulses on one of the lines 87, 68, 6%, etc. to
79, are conducted to the amplifier 73 by way of the
transformer- 72. . The requirement for such operation is
that the storage cores 41, 45, 48, etc. to 49, are not mag-
netized.
mission of the impulses will be prevented since the ring
cores 68, 61, 62, etc. to-§3 are disposed in the fields of
the lines of force of the storage cores 41, 45, 48, eic.
to 49. Moreover, two cooperatively associated cores,

for example, 41 and 69.are so dimensioned that, if there

is permanent magnetism of the core 41, the material of
the core 69.will be over-saturated so that no inductive
transmission can take place from the line §7 to the line
71. However, in the storing of the binary punched tape

If they are magnetized, the inductive trans-.

P
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informations, as mentioned before, each storage core
allotted to a hole in the punched tape, was permanently
magnetized. Accordingly, all ring cores belonging to

these storage cores, remain ineffective for the impulse -

transmission to the amplifier 73. However, those of the
impulses which come from non-magnetized storage cores
reach the bistable electrenic flip-flop switch 74 by way
of the amplifier 73. The switch 74, upon its switching-in
places positive veltage on the line 75 which carries nega-
tive potential during the “Out” switching, while the pre-
viously positive line 76 now assumes negative potential.
Shortly before termination of each timing step, the switch
74 is returned to its “Out” position by way of the line
77 which is connected with the timing generator 57.

The lines 75 and 76 are the output lines of the respec-
tive channels which extend to the electronic transverse
reading devices. The transverse reading devices are
operative to extract from the period of the storage system
individual steps, namely, those steps in which the scanned
impulse combinations coincide with any one of the pre-
viously agreed upon impulse combination set in the
transverse reading devices. Incident to such “hit steps,”
which occur wholly irregularly, impulses are extracted
from an alternating impulse sequence occurring with the
same timing speed, and five such impulses occurring in
succession are utilized for the building up of the impulse
combinations of the extended impulse combination se-
quence. ) .

FIG. 4 shows an example of & magnetic switching core
having the property of retaining binary information stored
therein while permitting reading out thereof as often as de-
sired. Numeral 78 indicates a core of magnet steel carry-
ing two windings 79 and 88. From the ends of the steel
core 78 extend two soft iron yokes 81 and 82. Between
the free legs of these yokes is disposed a switching core
83 made of soft magnetic and highly permeable material,
for example, Mu Metal. The core 83 is provided with a
central bore §4 formed therein, lines 85 and 86 extending
through such bore. So long as the steel core 78 is not
magnetic, a current impulse directed. via the line 85 will
induce a current impulse in the line 86, since the switching
core 83 acts as a transformer having a primary winding
represented by the line 85 and a secondary winding repre-
sented by the line 86. A brief strong current impulse di-
rected through the winding 79 will make the steel core 78
a permanent magnet. The cross-sectional areas of the
steel core 78 and the soft iron yokes 81 and 82 are large
as compared with the effective cross-sectional area of the
switching core €3, which has been reduced by the area
occupied by the bore 84; accordingly, the highly permeable
metal of the switching core 83 will be over-saturated when
the steel core 78 becomes a permanent magnet. Owing
to the over-saturation, the switching core 83 cannot op-
erate as a transformer, that is, a current impulse directed
via line 85 cannot induce an impulse in the line 86.

The storing of one binary information therefore requires
that the steel core 78 is magnetic so that the switching
core 83 can not act as a transformer. The storing of the
other binary information requires that the steel core 78
is not magnetic so that the switching core 83 can operate
as a transformer. The retention of the storing with read-
ing out as often as desired is based upon the fact that the
two binary conditions of the steel core 78—magnetic and
non-magnetic—cannot change without auxiliary measures,
and that these two conditions are not influenced by cur-
rent impulses directed via the line 85.

The erasing of one binary information is effected by
directing through the winding 890, for demagnetization of
the steel core 78, either a current impulse of suitable
strength and of a direction opposite to the direction of
the imupise employed for the magnetization, or directing
therethrough an alternating current with diminishing am-
plitude. The erasing of the other binary information is
effected by directing through the winding 79 a strong
current imuplse for magnetizing the steel core 78.
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The described storing cores which retain the stored in
formation incident to reading out may be made as small
as is possible with customary switching cores;

Storage ring cores that have become known under the
name transfluxors exhibit similar operating properties. An
example. of such a ring core is shown in FIG.5. Ferrites
with nearly rectangular hysteresis loop are used as ma-
terial for such transfluxors.

In FIG. 5, numeral 87 designates the annular trans-
fluxor core and numerals 88 and 89 indicate two eccen-
trically positioned holes with considerably different .di-
ameters.,
larger hole 88 and the input and output or reading out
lines respectively indicated at 91 and 92, extend through

the smaller hole 89. The operation of the transfluxor is

as follows:
A strong current impulse via the control winding 99 will
magnetize the transfluxor ring core in one direction. A

-‘weaker current impulse of opposite direction, through the

same winding, will magnetize the area directly about the
hole 88 in opposite direction, while the more remote area
about thé hole 88 will retain ifs initial direction of mag-
netization owing to the lower field .strength obtaining

.thereat. The production of this magnetic condition effects

the storing. )

For the purpose of reading out of the stored informa-
tion, a current impulse is directed through the line 91 in
one direction, whereby a current impulse is induced. in
the line 92. This inductive effect would not be present
if the tranfluxor had not been previously placed in the
described magnetic condition by the control winding 98. -
For the second reading out, an oppositely directed current.
impulse is caused to flow in line 91 so as to again induce
@ current impulse in the line 92 due to the flipping over of
the magnetic condition in the near vicinity of the smaller
hole 89.- For the third reading out, a current impulse is
directed through the line 91 which is of the same direc-
tion as in the first reading ocut, etc.

The erasing of the stored information is effected by a
strong current impulse via the winding 90 which causes
magnetization, in the same direction, of the near and re-
mote areas about the hole §8. v

The individual magnetic processes incident to reading
out and erasing are very complicated and discussion there-
of is omitted since knowledge thereof is unnecessary for
the understanding of the invention.

Changes' may be made within the scope and spirit of
the appended claims which define what is believed to be
new and desired to have protected by Letters Patent.

We claim:

1. Apparatus for producing, for use in coding ma-
chines, extended coding tapes of extremely long period,
with symbol element combinations in binary code, by the
use of a relatively short, aperiodic and arbitrarily selected
sequence of symbol element combinations, whereby the
symbol element sequences, formed respectively from the
symbol elements of the symbol element combinations,
exhibit numbers of symbol elements no two of which have
& common divisor, wherein the binary symbol elements of
the symbol element sequences. are stored in storage ele-
ments -which retain their binary information while per-
mitting reading out thereof as often as desired, and where-
in the stored symbol element sequences are read-out simul-
taneously and periodically with identical speed from any
desired selectable and agreed upon relative. start position,
said apparatus comprising a plurality of said storage cle-
ments in number corresponding to the total number of the
binary symbol elements of the symbol element sequences,
said storage elements being arranged in different storage
element sequences in accordance with the different symbol
element- sequences, means for setting the individual
storers each to one of its two binary positions in ac-
cordance with the respectively associated binary symbol
element, an impulse generator serving -as a timer, the
frequence of said impulse generator determining the speed

The control winding 90 extends through the
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- of scanning of the storage elements,. an electronic counter

for each storage element sequence,said counter periodical- .

ly counting the impulses of the impulse.generator up to a
number which is equal to the number of storage elements
of the" corresponding storage element sequence, an indi-
cating device for each counter, said indicating device hav-
ing ‘a number of outputs equal to the number of the re-
. spectively available storage elements of the storage ele-
ment sequence, potential alterations occurring successive-
Iy impulse-wise at said outputs incident to the counting of
the impulses, a setiing device for each counter adapted for
the setting thereof to a désired counting result within its
-¢counting period, and a plurality of read-out devices in
 namber corresponding tothe number of storage elements
of each storage element sequence, each read-out device
being on the input side connected with ‘a storage element
of the storage element sequence and the output belonging
to said input being connected with the indicating device

belonging to the storage element sequence, the outputs of

said read-out device being for each storage element se-
quence conneocted each to ‘a common output line, the im-
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pulse combinations of the extended: impulse combination -
sequence appearing in the continious read-out operations -

successively on said common output lines in"the rhythm
. of the impulse generator.

2. Apparatus accordmg to claim .1, wherem each stor-
“age element comprises a core made of magnet stee] and
provided with two windings, two yokes of soff iron ma-
terial fastened to the faces of .said core, a further core
made of magnetic soft and highly pe:rmeabl\. material

25

30

12 - '
and having a bore formed therein, said further core being
disposed between the free legs of the soft iron yokes, the
cperatively effective -cross-sectional area of said further
core being small as ‘compared with the cross-sectional
areas of said steel core and said soft iron yokes, two
lines constituting the read-out line and the take-off line ex-
tending through said bore, said lines constituting the pri-
mary and secondary wmdmns of a perforated core trans-
former.

3. Apparatus according to claim 1, comprising trans-
fluxors constituting magnetic storage elements.

4.  Apparatus according to-claim:' 1, comprising shift
tegisters closed in ring circuit and constituting said elec-
tromic counters, said. shift registers comprising flip-fiop
stages corresponding in number to the number of the
storage elements of a storage element sequence: whlch are
to be read.

5. Apparatus according to claim 1, wherein said elec-
tronic counters are represented by open binary counting
chains’ comprising- serially related flip-flop stages, the
number of flip-flop stages being equal to the logarithm for
the fundamental 2:of the smallest power of 2 which is
greater than or equal to the number of storage elements
of a stomgc element sequence that is to be read.
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