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(Translation of Austrian Patent # 62,927)
Ottomar Fedor Bemberg and Edmund Weinhold, both at Laibach

(Austria-Bungary)

Device for Encipherment and Decipherment of Messages, Telegrams,
and the like.

Additional patent pertaining to patent 62,926

Applied for 9 October 1912, Patented since 15 August 1913.
Not Valid after 14 August 1928
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The object of this invention is a further develomaent of the
invenfion registered under (Austrian) patent No. 62,926 concerning a
device for encipherment and decipherment of messages, telegrams, and
the like. It has reference to a special development of the commtator
introduced in the electricazl circuits between the two typewriters. The
essence of the invention lies in the faet that the basic commections,
corresponding to the various cipher-keys, can be varied by means of
special contact-holders which may be placed in the commutato®. The
connections between circuit-contact points within the contact~holder
correspond to a particuler cipher-key and it is obvious that a large
nunber of contact-points permit an immense amount of veriations in
connections, Accordingly, a large number of such interchangeable contact-
holders can be made, and by the introduction of these in the commutator,
the set-up for encipherment and decipherment necessarily depends upon a
given sipher-key.

In the illustration a model of the device is represented. Fig. I
shows it as seem from below,

On bese 1 in which is 1nserted‘sleevo 2 for cable 3, three bolts 4
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are provided on which the circular plate 5 with appropriate holes has

been placed and can be fastened by means of wing-nut 6. This circular
plate 5 carries circuit contact-points 7 and 8 arranged in two concentric
circles, These are presgsed sgainst contact-springs 9 and 10 of plate 1,

by means of fasteninéwiiate 5 by wing-nut 6. The individual circuits

which correspond in pumber to the number of lettefs, figures and symbols
are connected with terminels 11 and lead from here- to terminals 10, while
springs 9 are connected with the individual wires from cable 3. By means
of & rendom connection of terminsls 7 of the inmner circle with individual
terminals of the outer circle of disk 5, different combinations can be
formed, each of which corresponds to a paerticular cipher-key., Disk 5 is
provided with a cover-plete 12 to cqnceal the menner in which the current
is conducted between terminels 7 and 8. Bolts 4, as shown in Fig. I, have
been arranged asymmetrically in order to prevent incorrect fastening of
disk 5 on base 1, and by this means mistekes in the selection of the cipher-
key can be avoided, In lieu of employing three bolts, & random number of
asymmetrically arranged bolts masy be used, Cover-plate 12 has been mounted
on disk 5 by introducing sleeves 13 with the aid of screwsl,.

In accordance with the number of symbols on the typewriters used, any
combinations desired can be made by selective conneetion of individusl
contact points 7 and 8 of disk 5, and in accordance with the number of
posaible combinations a corresponding mmber of disks can be manufactured
as contact-holders and suitsbly marked with eppropriate identifying symbols,
Each one of these combinations correspondsto & particular cipher-key, and
upon fastening a contact-holder corsesponding to a given ciﬁher-key to the

base, the encipherment or decipherment with the correct key must necessarily

follow.
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Patent-Clains

1, Device for encipherment and decipherment of messages, tele-
grsms, eto,, in accordanwe with Patent No. 62,696 characterized by the
fact that for emch cipher-key a particular contact-holder to be inserted
in the commutator has been provided, for which the connections betwsen
the circuit contact-points correspond to the respective cipher-kay.

2, Model of the device in accordance with claim 1 characterized
by the fact that below the base a circular plate is insertably arranged
carrying two concentric circles of eghtaet.points for conducting current
through the individuel circuits, each contact point of the imner circle

being connected with a contact point of the outer circle at random.
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OTTOMAR FEDOR BAMBER(G: uvxp EDMUND WEINHOLD,
BEinE I LLAIBACH.
Elnrichtung zum Chiffrieren und Dechiffrieren von Schriftstiicken, Depeschen und dgl.

Zusatzpatent zum Patente Nr. 62926.
Angemeldet am 9. Oktober 1912, — Beginn der Patentdauer : 15. August 1913,
Lingste moégliche Dauer: 14. August 1928.

Der Gegenstand der vorliegenden Erfindung hezieht sich als weitere Aushildung der durch
Patent Nr. 62926 geschiitzten Erfindung, betretfend Einrichtung zum Chiffrieren und Dechifirieren
von Schriftatiicken, Depeschen und dgl. auf cine besondere Ansgestaltung des in die elektrischen
Verbindungsleitungen der heiden Schreibmaschinen zwischengeschalteten Umschalters und

5 besteht das Wesen der Erfindung darin, dal die verschiedenen Chiffernschliisseln entsprechende
Grundschaltung und mithin der Chiffernschliissel durch besondere in- die Umschalteinrichtung
einsetzbare Kontakttriger abigeindert werden kann. Die Verbindung der StromanschluBstellen
untereinander in diesen Kontakttrigern entspricht je einem hesonderen Chiffernschliissel und
1aBt sich leicht einsehen, dal die grole Anzahl von Kontaktstellen eine Unzahl von Variationen

10 in den Verbindungen zuliBit, so dall dementsprechend eine groe Anzahl von derartigen aus-
wechselbaren Kontakttriigern gebildet werden kann, durch deren Einsetzen in die Umschalte-
einrichtung die Chifirier- und Dechifiriervorrichtung zwangweise einem bestimmten Chiffern-
schliissel unterworfen wird.

In der Zeichnung ist eine beispielsweise Ausfiihrungsform des Erfindungsgegenstandes

15 dargestellt, und zeigt Fig. 1 in Unteransicht bzw. Schnitt nach 4—B der Fig. 2 eine beispielsweise
Ausfiihrungsform, wihrend Fig. 2 einen Schnitt nach ¢—D der Fig. 1 veranschaulicht.

An der Grundplatte 7, in welche die Fithrungshiilse 2 fiir das Zuleitungskabel J eingesetzt
ist, sind drei Bolzen 4 vorgesehen, auf welche die mit passenden Lochern versehene ringformige
Platte § aufgesetzt und vermittelst Fliigelinuttern 6 befestigt werden kann. Diese ringlormige

20 Platte § trigt in zwei zueinander konzentrischen Kreisen angeordnete Stromanschlulstellen 7
bzw. 8, welche beim Festziehen der Platte 5 durch die Fligelmuttern 6 an die Kontaktledern 9
und 70 der Platte Z angepreBt werden. Die einzelnen Stromkreise, welche ihrer Zahl nach der
Zahi der Buchstaben, Ziflern und dgl. Zeichen entsprechen, werden an die Klemmen II an-
geschlossen, fithren von diesen zu den Klemmen 10, wiihrend die Federn 9 mit den einzelnen

25 Leitungen des Kabels 3 verbunden sind. Durch wahlweise Verbindung der Klemmen 7 des inneren
Kreises mit einzelnen Klemmen 8 des iiulleren Kreises der Platte 5 lassen sich entsprechende
Kombinationen bilden, von welchen eine jede Kombination einem besonderen Chiffrenschliissel
entspricht. Die Platte & ist vermittelst einer Deckplatte 12 abgeschlossen, welche die Art der
Stromfiihrung zwischen den Klemmen 7 und § verdeckt. Die Bolzen £ sind, wie Fig. 1 zeigt,

30 unsymmetrisch angeordnet, um ein unrichtiges Befestigen der Platte 5 an der Grundplatte 7
auszuschlieBen, wodurch Fehler in der Wahl des Chiffrenschliissels ausgeschlossen werden. Statt
der Verwendung von drei Bolzen kann eine beliebige Anzahl ungymmetrisch angeordneter Bolzen
verwendet werden. Die Deckplatte 12 ist unter Zwischenschaltung von Hiilsen 13 vermittelst
Schrauben 74 an der Platte J befestigt.

35 Entsprechend der Anzahl der Zeichen der verwendeten typographischen Maschine kénnen

beliebige Kombinationen durch wahlweise Verbindung der EinzelanschluBstellen 7 und & der .

Platte 5 gebildet werden und kénnen entsprechend der Anzahl der méglichen Kombinationen

ebensoviele Platten als Kontakttriger hergestellt und entsprechend bezeichnet werden. Eine

jede dieser Kombinationen entspricht einem hesonderen Chiffrenschliissel und braucht lediglich

40 der dem angegebenen Chiffrenschliissel entsprechende Kontakttriger an der Grundplatte befestigt

zu werden, worauf das Chiffrieren oder Dechiffrieren zwangsweise mit dem richtigen Schliissel
erfolgen musB.

PATENT-ANSPRUCHE:
1. Einrichtung zum Chiffrieren und Dechiffrieren von Schriftstiicken, Depeschen oder dgl.
nach Patent Nr. 62926, dadurch gekennzeichnet, da8 fiir jeden Chiffernschliissel ein besonderer in

45 den Umschalter einsetzbarer Kontakttriger vorgesehen ist, bei welchem die Verbindung der

StromanschluBstellen untereinander dem jeweiligen Chiffernschliissel entspricht.

2. Ausfilhrungsform der Einrichtung nach Anspruch 1, dadurch gekennzeichnet, da8 unter-
halb der Grundplatte. eine ringférmige Platte einsetzbar angeordnet ist, die in zwei konzentrischen
Kreisen angeordnete Kontaktstellen zur Zu- und Ableitung der Einzelstromkreise trigt, wobei

50 je eine Kontaktstelle des inneren Kreises mit einer Kontaktstelle des duBeren Kreises wahlweise - :‘

verbunden ist. 4

Druck von R. Spies & Co.. Wien

. -
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UNITED STATES PATENT OFFICE.

OTTOMAR FEDOR BAMBERG AND EDMUND WEINHOLD, OF LAIBACH, AUSTRIA-
HUNGARY.

WRITING-MACHINE.

Application filed May 29, 1913.

To all whom it may concern:

Be it known that we, OrromMar FEpor
Bameere and Epmuxp WEINHOLD, subjects
of the Emperor of Austria-Hungary, resid-
ing at Laibach, Austria-Hungary, have in-
vented new and useful Improvements in
Writing-Machines, of which the following
is a specification.

This invention relates to a device for con-
necting together two machines such as type-
writing machines in such a way that mes-
sages may be transmitted in cipher and may
be deciphered in a simple and convenient
manner. The apparatus is preferably ar-
ranged to be operated electrically by the
use of transmitting and receiving type-
writing machines of a known kind, the ar-
rangement being such that the depression of
a key in the transmitter machine closes a
circuit which operates one of the receiving
typewriter keys by electromagnetic means.

According to this invention a switch is
provided which may be set in a number of
different positions so that the cireuit connec-
tions may be varied either for a whole
message, or in different parts of a message
as may be required. The switch positively
controls the connections and eliminates all
possible errors both in the conversion of
messages into cipher, and in the subsequent
deciphering.

A further object of the invention consists
in the fact, that the cipher-code may be va-
ried by special contact holders or disks, each
of which comprises a special cipher-code.
These disks may be placed in the switch so
that a great number of variations in the
combinations may be obtained in such a
manner that ciphering or deciphering al-
ways proceeds with the proper key.

A switch suitable for use according to
this invention, for changing over the elec-
trical connections between two typing ma-
chines is illustrated in the accompanying
drawings.

Figure 1 shows the switch in plan. Fig.
2 shows it in side elevation partly in sec-
tion. Fig. 3 shows a modified form of the
switch and Fig. 4 a section on the line
C—D of Fig. 3.

In the construction shown in the draw-
ings two cables 1 and 2 are provided each
containing a number of conductors, and
serving to connect together the various
members of two typing machines of any
suitable type capable of operating with

Specification of Letters Patent.

Patented May 11, 1915.
Serial No. 770,797.

electrical transmission from one to the
other; the construction is such that on the
operation of a key of one machine, a par-
ticular type lever of the other machine is
operated through one of the conducting con-
nections as will be well understood. The
separate conductors of the cable 1 are con-
nected at their ends to terminals 3 of a
fixed disk 4, while the conductors of the
other cable 2 are connected to the terminals
5 of a disk 6 which is arranged to turn rel-
atively to the disk 4. Only one conductor of
each cable is indicated in Fig. 2 and the
connections are omitted in Fig. 1, but it
will be obvious how they may be arranged.
The disk 6 is mounted to turn on a hollow
shaft 7 through which the cable 1 passes,
and on which the disk 4 is fixed. A spring
9 presses the disk 6 upward, and a handle
8 1s provided to facilitate the turning of
the disk. The disk 6 has a number of pro-
jections 10 adapted to engage with notches
formed at 11 in the downwardly turned
edge of the fixed disk 4; the disk 6 can be
turned to bring the projections 10 into en-
gagement with any of the notches, the en-
gagement being insured by the spring 9
pressing the disk upward. On the disk 6,
preferably in line with the handle 8, an in-
dex mark 12 is provided, while on the sur-
face of the disk 4 close to the respective
terminals 3, numbers or other suitable char-
acters are marked in order to show in con-
junction with the index mark 12 the setting
of the disk 6.

If the mark 12 is set to the zero position
as .shown in Fig. 1, then for example the
same type levers of both machines mayv be
connected together, so that on the operation
of the keys of the one machine, the correct
types are operated on the second machine.
If, however, a despatch is to be transmitted
in cipher the disk 6 is set to a position in
which the mark 12 is opposite some num-
ber, for instance the number 6 on the disk
4, according to the code or key of the ci-
phered message. The conductors in the
cable leading from one machine to the ter-
minals 5 on the disk 6 are then connected
through the contacts and terminals 3 with
other conductors of the other machine so
that when the keys of the transmitting ma-
chine are operated different types in the re-
ceiving machine from those in the transmit-
ting machine will be caused to operate, de-
pending upon the position of the disk 6,
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so that the ciphering of the text is effected
automatically without the possibility of er-
rors. The deciphering is effected in an anal-
ogous manner, by using the device with
the disk set to a corresponding position and
transmitting the code message in the re-
verse direction so that the code letters will
be reconverted into the original letters in
another machine, thus reproducing the ori-
ginal text of the despatch.

By connecting the conductors to the con-
tacts in various ways, a great number of dif-
ferent variations in the ciphering ean be in-
troduced, and a number of contact disks may
be arranged in a series in order to give com-
bined ciphering effects which will render de-
ciphering more difficult or practically im-
possible by unauthorized persons not having

e or key.

According to the construction shown in
Figs. 3 and 4 a bed plate 13 including the
sleeve 14 for the cable 1 is provided with
three bolts 15, codperating with correspond-
ing holes of a second circular plate or disk
16 which may be attached to this bed plate
by means of thumb-nuts 17. On this disk 16
are arranged in two concentric circles the
circuit contacts 18, 19, which when the disk
16 is rigidly attached to the plate 13 by
means of the thumb-nuts are pressed against
the contact springs 20, 21 of the plate 13.
The several circuit wires the number of
which is equal to that of the letters, numer-
als or ciphers used, are connected to a ter-
minal plate 22 fixed in the plate 13 and to
the springs 21, while the springs 20 are con-
nected with the conductors of the cable 1.
By suitably connecting the contacts 18 of
the inner circle with the said contacts 19 of
the outer circle of the plate 16 there may be
formed different combinations, each of
which corresponds to a special cipher-code.
The disk 16 is provided with a cover-plate
23 to conceal the manner in which the cur-
rent runs between the contacts 18 and 19.
The bolts 15 are not symmetrically arranged
as shown in Fig. 8, so that the plate 16 can-
not be wrongly fastened to the bed plate.
Instead of vsing three bolts, as shown, there
naturally may be employed any other num-
ber of unsymmetrically arranged bolts.
Sleeves 24 hold the cover plate in necessary
distance from the disk 16.

According to the number of ciphers of the
typographic machine used, there may be
formed any number of combinations by a
suitable connection of the contacts 18, 19, of
the disk 16, and according to this possible
number of combinations just as many plates
or disks may be arranged as there are suit-
ably marked contacts-holders. Each combi-
nation corresponds to a special cipher-code
and it is only necessary to fasten that con-

1,138,832

tact holder to the plate which corresponds
to the giveu cipher-code or key, to cipher or
decipher with the proper key.

The contacts or terminals need not neces-
sarily be arranged on circular disks but

other suitably formed contact carrying.

members may be provided with means for
adjusting them relatively to one another for
the purpose of obtaining the corresponding
connecting positions.

Having thus described our invention,
what we claim as new and desire to secure
by Letters Patent is:—

1. A device for use in changing over the
operative connections between two type ma-
chines for the purpose of transmitting mes-
sages In cipher and for deciphering the
same, comprising two contact carriers the
one formed with a notched surface and the
other with projections adapted to engage
the notches, means for normally pressing the
projections into the notches, and connections
from said contact carriers leading to the two
tvpe machines from one of which messages
are to be transmitted to the other.

2. A device for use in changing over the
operative connections between two type ma-
chines for the purpose of transmitting mes-
sages in cipher and for deciphering the
same, comprising two contact carriers the
one formed with a notched surface and the
other with projections adapted to engage the
notches, a spring pressing the one contact
carrier into engagement with the other, in-
dications on the one contact carrier adapted
to show the setting pesition in conjunction
with a mark on the other, and connections
from said contact carriers leading to the two
type machines from one of which messages
are to be transmitted to the other.

3. A device for use in changing over the
operative connections between two type ma.
chines for the purpose of transmitting mes-
sages in cipher and for deciphering the
same, comprising two contact carriers, a hol-
low axle carrying the one contact carrier,
around which axle the other contact carrier
is revoluble, means for locking the revoluble
contact carrier in any one of a number of po-
sitions relative to the other contact carrier, a
cable of conductors passed through the hol-
low axle to the contact carrier fixed thereon,
and a second cable of conductors connected
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to said revoluble contact carrier, said cables /

leading to the type machines to be connected.
Tn testimony whereof we have signed our
names to this specification in the presence of
two subscribing witnesses. ‘
OTTOMAR FEDOR BAMBERG.
EDMUND WEINHOLD.
‘Witnesses:
Avcusr Fuccer,
Joser BAUER.

Copies of this patent may he obtained for five cents each, by addressing the “Commissiorier of Patents,
‘Washington, D. C.”
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This invention is an improvement of the
invention set forth in my copending appli-
cation Serial No. 675,898 Filed Nov. 20, 1923,
which has matured into Patent No. 1,683,072,
dated Sept. 4, 1928.

My invention relates to the art of secret
writing ; and provides a new system for trans-
forming language messages into decodable
secret code, an improved device for accom-
plishing the system, and a highly-refined elec-
tric coding machine.

The object of my coding system, device or
machine 1s to guard the secrecy of code mes-
sages. To the layman, one crypt is as unin-
telligible as another, but to the relatively few
cryptographic experts whose profession is the
deciphering of secret codes, no secret of past
systems, devices or machines has permanent-
ly resisted a determined and prolonged effort
at discovery.

Tt is an object of my invention to provide a
mechanism and a practical system for coding
and decoding absolutely or practically unde-
cipherable cryptograms.

Tt is an object of my invention to attain a
high ratio of complexity of code to complex-
ity of the mechanism and system for forming
and decoding messages in said code. It ig an
object of my invention to introduce a new
order of complexity of code into the erypto-
graphic art.

Tt is an object of my invention determined-
ly to break up the vulnerab, quences, rep-
ore discover-
able in code messages by experts bent on de-
ciphering said messages. It is an object of
my invention to break up these sequences,
repetitions, and recurrences according to a
definite system, whereby the coding and de-
coding operations are simplified.

Tt is an object of my invention to combine
a number of relatively simple code-forming
plans to produce a maximum resultant com-
plexity, (e. g. a complexity determined by an
exponential function of said number of
plans). Ttisan object of my invention to sub-
stantially exhaust the code-changing possi-
bilities of the combination of plans. It is a
further object of my invention to permit and
provide a maximum freedom of choice in each

1927. Serial No. 192,074,

of these plans, in their relation to one an-
other, in the manner of their combination or
composition, in the method of their use, or
in any one of these choices alone or in combi-
nation. It is an object of my invention to
permit the use of absolutely random relations
and plans or sequences. It is an object of my
invention to permit the code-forming plans
to be arranged in any order. Itisa %urther
object of my invention to permit the plans to
he transposed. Tt isan object of my invention
to permit the use of less than all the possible
plans or sequences. It is an object of my in-
vention to permit bodily displacement of any
plan or sequence to any starting position of
use.

It is an object of my invention to provide
one and the preferred generic device for ac-
complishing the system of my invention, and
it is a further object of my invention to pro-
vide a highly practical type of commercial
machine especially adapted to the system of
my invention. '

This machine is so constructed that it oper-
ates from a constantly changing group of dif-
ferently mixed up alphabets, the number of
alphabets used being practically unlimited
and only one letter called a primary letter is
used from any alphabet.

Coding machines have been designed and
built, but all have suffered from the very seri-
ous handicap of inflexibility of code, so that,
(barring the very few simple selections of
starting positions placed at the option of a
pair of correspondents using the machine of
the prior art), once the construction of this
machine had been obtained by a cyptographic
expert it was a relatively simple matter for
him to decipher any message coded thereby.
Tt is one object of my invention to provide
an improved system and machine which can
code a message undecipherable by any expert,
no matter how familiar he may be with the
construction and operation of the system and
machine. It is an object of my invention to
provide a maximum range of selection of dif-
ferent key and starting conditions for the
option of correspondents using the machine.
Asa further safeguard I have provided means
for guarding the secrecy of the key condi-
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tions of any machine, so that discovery even
of the starting conditions agreed upon be-
tween correspondents would be uscless to a
cryptographer who was equipped with a simi-
larly constructed coding machine: it being an
important characteristic of the machines of
my invention that lack of correspondence in
two machines of any one of the manifold
adjustable key conditions provided in each,
will make it impossible to decode on one ma-
chine, a message coded on the other.

In the design of an improved coding ma-
chine T have striven for simplicity, combpact-
ness, ease and foolproofness in operation, as
well as for durability and low cost.

In the working of my machine, certain
movements are entailed, and it is an object of
my invention to provide special structures for
respectively permitting, controlling, and pro-
ducing this motion, and I have striven for
certain advantageous characteristics of these
structures; which features will appear or be
sugeested as the description proceeds.

aving selected the clectric coding ma-
chine as set forth in a number of prior pat-
ents issued independently and jointly to me,
T have set out to improve this superior type
of machine in a thoroughgoing manaer,
Many of the improvements sre not speci-
fieally referred to in the “objects of inven-
tion”; the body of the specification heing re-
lied upon to imply these many objects.

Other and ancillary objects of my inven-
tion will be set forth or suggested by the fol-
lowing description of my invention or in the
use thereof. Certain objects of my invention
are attainable with the use of less than all
its advantageous features, and with modifica-
tions and permutatiens within its purview. I
desire not to be circumscribed beyvond the
reasonable limits of the claims finally deter-
mining my invention.

Throughout this description I have con-
sistently used the term “decipher” in connec-
tion with the attempts of unauthorized per-
sons to break the code, in contradistinetion
to the term “decode”, which refers to the in-
terpretation of the code message by author-
ized persons. The distinction is arbitrary
and has been made merely for convenience.

Devices and systems in the art of cryptog-
raphy may generally be divided into two
classes; one relying upon such simple tricks
as writing messages backward, adding dum-
my symbols and like confusing expedients;
and the other involving some thoroughgoing
plan of introducing complexity, such for ex-
ample, as that of the Vigenere* cryptographic
table. As soon as the trick is discovered in

-the former class, the message may be deci-

phered in the same manner in which it would
be decoded. In the latter class however, de-
ciphering must follow a less direct plan,

*See Langie—‘‘Cryptography,” Constable and Co. Ltd.
Loirdon.

1,861,857

such as that involving letter-frequency prob-
abilities. My invention belong to the latter
class, and it is to be emphasized that modi-
fications thereof by such tricks as are con-
tained within the first-mentioned class are
mere permutations within the purview of my
invention. Where my system, for example,
calls for a certain continuity or sequence, the
introduction of some such trick to break the
continuity or sequence must reasonably be
interpreted as not without the scope of my
system. Tt is to be expected that someone
may desire to complicate the system of my
invention by simply combining it with some
well-known system of the latter class above
defined. T desire to be protected from the
infringer who would thus adopt my inven-
tion and attempt to make it behind some
other cryptographic system. A thoreugh
mastery of the matters taught by my inven-
tion and the description thereof will suggest
countless such modifications within its pur-
view, and any interpretation of the claims
to my invention should therefore rest upon
a similar mastery of the matters herein
taught, and upon an understanding of the
fact that most of the past efforts in cryptog-
raphy were directed to precisely such con-
fusing combinations and modifications of
well-known systems, in an effort to outguess
crytographic experts. It is to be empha-
sized that, unlike such confusing complica-
tions and modifications, my invention entails
the production of a complex code which does
not become decipherable when the details of
the coding system or machine are guessed or
disclosed.

Referring to the drawings:

Figure 1 1s a top plan view of the elemen-
tal machine of my invention; Fig. 3 is a bot-
tom plan thereof; and Fig. 2 is a vertical di-
ametral section of the elemental machine in
its carrying case. Fig. 4 is a representative
wiring diagram of the elemental machine
simplified by showing ounly three of the
twenly-six circuits.

Fig. 5 is a top plan view of the five-wheel
indicating code machine or portable multi-
coder of my invention. 'The top flange on
each side wall of the machine has been broken
away to disclose certain parts thereunder.
Fig. 6 is a vertical median longitudinal sec-
tion of the machine with its middle code
wheel removed. The plane of section is in-
dicated by a line 66 in Fig. 5. Figs. 5 and
6 taken together coustitute a representation
(showing only two of the twenty-six cir-
cuits) of the electric wiring of the machine.
Fig. 7 is a right side elevation of the machine
as viewed in the direction of arrow 7 in Fig.
5. Fig. 8 is a skeleton perspective of the
code-wheel-actuating dogs and associated
mechanism as viewed in the direction of
arrow 8 in Fig. 5. Fig. 9 is a perspective de-
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tail of two dogging pins removed from the
assembly of Fig. 8.

The upper half of Fig. 10 is a diametral
section longitudinally through the code-
wheel unit common to both the five-wheel in-
dicating and recording machines. The plane
of section 1s transverse of and inclined rela-
tive to either machine as a whole, and is rep-
resented by lines 10—10 in Figs. 6 and 11.

Fig. 10, taken as a. whole, is a wiring dia-
gram of the five-wheel recording code ma-
chine showing only two complete circuits.
Fig. 11 is a vertical approximately median
section, analogous to Fig. 6, of the five-wheel
recording code machine. The plane of sec-
tion, which is indicated by a line 11—11 in
Fig. 12, 1s displaced slightly to show the
middle code wheel and associated dog mech-
an_sm in true elevation. Fig. 12 is a top plan
view of the machine with its cover and type-
buffer bars removed. Fig. 13 is a sectional
plan directed down upon the base portion of
the machine. The plane of section is indi-
cated by a line 13—13 in Fig. 11. In Fig.
13 annular sections of the commutator brush-
retaining plate have been broken away to
show the commutator beneath.

Fig. 14 is essentially a right side elevation
of the machine with the cover removed and
base frame broken away by a vertical section
longitudinally through the base frame near
the right side thereof. The plane of section
is represented by lines 14—14 in Figs. 13 and
17. Fig. 15 is a fragmentary enlargement of
a left-hand portion of Fig. 14 with certain
parts cut away to show the electr;cal switch
features associated with the keys. Fig. 16
is a fragmentary perspective view of the key-
board housing and associated parts, but with
the keys removed. Fig. 17 is a vertical trans-
verse Section of the machine through the rear
portion thereof and diametr cally through
the type-actuating mechanism. The plane of
section is indicated by lines 17—17 in Figs.
11 and 12. Fig. 18 is a fragmentary left
side elevation, in the direction of arrow 18
in Fig. 12, of the rear portion of the machine
with type superstructure removed, showing
the mechanism for driving and splitting the
printed tape. Fig. 19 is a fragmentary sec-
tion on the line 19—19 of Fig. 18 showing the
five-character spacer of the driving mecha-
nism. Fig. 20 is a fragmentary plan of the
spacer shown in Fig. 18. Fig. 21 is a skele-
ton front elevation of the revers'ng lever and
linkage associated therewith for makmg the
various adjustments provided when shifting
Letween coding and decoding operation.

IPig. 22 is a plan of a sample printed tape
as it leaves the type mechanism; and in line
with each code letter thereof, is given the
character alphabet sequence of the machine
at the instant said code letter is printed; to
indicate that the entire sequence is changed
after each character is printed.

Midget coder (Elemental commutator re-
versing code machine)

I will first describe the features of my in-
vention which I have incorporated in sim-
plest form in the midget coder illustrated by
Figs. 1 to 4.

An encasing member 1 is simply a packing
case to prov.de for transporting this ele-
mental device of my invention, and forms no
part thereof. It is illustrated to emphasize
the fact that this elemental machine is a com-
plete working device as it stands; even
though it forms a relatively small subcombi-
nation of the more elaborate final multi-coder
forms of my invention later to be described
in detail.

A cylindrical metal base frame 2, has a
perimetrically arranged plurality of stand-
ard (flashlight bulb) “electric sockets formed,
by depressions 6 on a circumference near the
periphery, .n its top end wall 8, The depres-
sions, and the bulbs 12 within them, are cov-
ered by plane lenses 10, each having a char-
acter etched thereon. The characters are, in
this case, letters of the English alphabet, and
such numbers and other characters as are
found convenient to transmit in code mes-
sages. The lenses are held in metal frames
14 each having a positioning tab 16 project-
ng beyond and below its body. A shallow
counterbore at the top of each depression 6
receives the lens with its frame, and a further
slight depression beyond the counterbore at
ane point receives the positioning tab 16 of
the lens frame. Cap screws 18 are screwed
into the top wall 8 between each pair of lenses
to clamyp them in posit.on. The cap screws
may be loosened at any time and the lenses
shifted to any desired position, as one means
of altering the code.

In radial line with each character-bearing
lenses 10 is a push button 20, and means are
provided whereby pressure upon any push
button, will cause response of a Light under
one of the character-bearing lenses. Thus,
for examiple, if the push button adjacent the
lens hearing “H” character were pressed, a
light under “I” lens might light so that “L.”
and “H” characters would be related so that
one was the code symbol for the other. Thus
“I” might be designated by “H” or “H”
might be designated by “L”, and the electric
wiring between the two characters constitutes
a designated interconnection therebetween.

These wiring connections between the push
buttons 20 and the bulbs 12 are such that any
given push-button is not necessarily in series
with the bulb adjacent thereto. As the de-
scription proceeds, the subscripts “a”, “b”,
“¢”, ete., to “2”, will be used after the number
of any element in the structure to designate
its position relative to any given arbitrary
positioning of the language characters. Thus
105 would designate the lens having the
character B etched thereon, while 200 would
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designate the adjacent push-button in radial
line therewith. Obviously the number of
characters is not limited to the twenty-six
letters of the English alphabet, for numerals,
signs, and word-space designations might he
added. In fact, as will be explained later
the use of a code symbol to represent WOI‘({
spaces constitutes an important feature of
my invention, and while I have preferred to
utilize the infrequently-used letter “Z” for
that purpose, it wonld be possible to add a
twenty-seventh symbol for that purpose.

The wiring connections will be e‘(plamed‘

first with reference to the wiring diagram
(Fig. 4), in which but three character posi-
tions are shown instead of the total twenty-
six for a complete alphabet. The bulbs 12e.
124, and 12¢ each have one terminal grounded
to the frame of the machine, and a dry-cell
battery 22 has its negative terminal grounded
to the same frame. The battery 92 has its
positive terminal connected, through the elec-
trically parallel set of push- button switches
20e, 204, and 20¢, to a set of (push-button)
(ommutatm brushes 24e, 247 and 24¢, one in
serles with each push button. The set of
(bulb) commutator brushes 26e, 267 and 26¢
are insulated from the push-button commu-
tator brushes, so that they may be connected
thereto only through the channels determined
by a commutator 28 arranged to contact with
the two sets of brushes. The commutator is
wired, (see commutator wires 40 plus cross
wires 86), to connect the push-buttons to
bulbs out of line therewith, so that the lan-
guage character marking any push button
may be transformed into a code character
llumined by a bulb electrically connected
therewith. The commutator 28 is of insulat-
ing material provided with an outer annulus
of (bulb) contacts 30, one for each bulb
brush 26; and an inuver annulus of (push-
hutton) contacts 32, one for each push-button
brush 24. Wiring within the commutator
connects each contact 30 with some (any) one
contact 32.

Fig. 4 represents the commutator in neu-
tral position; it being understood that in op-
eration the commutator would have to have
its contacts touching the commutator brush-
es.  Assume the commutator to have Deen
turned clockwise through a slight angle to
bring contact 30¢ under brush 24e.  This will
also bring every other brush into contact
with its (ouespon(hnoh charactenzed con-
tact. This will arbitrarily be termed a “cod-
ing position” of the commutator. In this
pmltlon and with the wiring illustrated by
Fig. 4, (which wiring is ar bitr ary and purely
illustrative), it wonld be possible to trans-
form the word “tie”, for example, into code
by pressing push buttons 20¢, 20¢ and 20¢
successively. This would cause the lights
12¢, 12¢, and 127 to light up in succession;
spelling “eti” which would be the code for

“tie”. Of course with twenty-six different
characters instead of only three, the possible
complications between code and language
characters become correspondingly multi-
plied.

Having already described the means (and
one commutator position and sample opera-
tion) for eoding, I shall next describe the
means for decoding, after which the means
for reversing from one funection to other will
become apparent.

Positioned in the same annuli of the com-
mutator as the (forward) contacts 30 and
32, are two other interspaced series of exact-
ly similar (reverse) contacts 30" and 32’, all
the same distance in the same direction from
their corresponding contacts 30 and 32 so
that when the commutator 28 is rotated
slightly counterclockwise, the contacts 80’
and 32" will lie under the brushes in the posi-
tions formerly occupied by the contacts 30
and 32. This counterclockwise position will
henceforth be referred to as the “decode” or
reverse position, in contradistinction to the
forward or “code” position. Kach set of
four commutator contacts 30, 32, 30" and 32’
is designated by a single code or language
character: e. 2., ‘the set deslfrnated by charac
ter “E? is 30e, 32e, 307¢, and 82%¢, but it will
later be shown that this deslgnatlon 1s a pure-
ly arbitrary one, since the commutator 1s ro-
tatable with respect to the character-bearing
lenses 10.

When the commutator is in “code posi-
tion” the contacts 30" and 32’ are inopera-
tive so far as contact with the brushes is con-
cerned, and when in “decode position” the
contacts 30 and 32 are similarly inoperative.
These contacts however, remain in circuit, by
reason of pairs of cross-wires 36 permanently
connecting the contact 30 of each set to its
radially adjacent contact 32 in the same set,
and connecting the eontact 30" of each set
to its radially adjacent contact 32. Thus
contact 30e 1s connected in series with con-
tact 32%¢, contact 30’e in series with 82e, 804
with 3274, etc. These cross-connected con-
tacts function as a reversing switch so that
if pressing push button 20¢ causes bulb 12
to lloht when the commutator is in “code po-
sition”, then when the commutator is rotated
thr (moh the slight amgle to “decode position”,
pressing push button 20e will cause bulb 12¢
to light. To decode the code word “eti”, it
is necessary to merely press the push but-
tons in radial line with the letters “E”, “T”,
“T”, on the lenses, when the commutator is
in decode position, and the bulbs 12¢, 12 and
12¢ ,x,vill light successively; spelling the word
“tie”.

The designating interconnections for use
during coding operatlon7 though they incor-
por ate elements in common with the inverse
designating interconnections for decoding
operation, are truly alternative thereto. It
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is this use of alternative interconnections
which permits either set of interconnections
to be connected at random between the char-
acters. It will be noted that by reason of
the reversing commutator many elements of
the interconnections are made to serve a dou-
ble function; the electric current being sent
through these elements in opposite direc-
tions during coding and decoding operations.
All the wires 40 are in circuit in either code
or decode position of the commutator, and
the only elements which go into-disuse are
certain of the cross-wires 36. DBy this ex-
pedient a great deal of mechanical and elec-
trical complexity is avoided.

The code and decode positions of the com-
mutator have been designated arbitrarily and
may be interchanged in use; the important
consideration being merely to shift from one
position to the other so as to reverse the cir-
cuits when changing from coding to decoding
operation.

So far it has been pointed out that the
character-bearing lenses may be interchanged

i to change the code, and that the designation

of code and decode positions may be arbitra-
rily interchanged. Either of these expedi-
ents, open to the owner of a coding machine,
may be utilized to entirely change the code so
as to make the unauthorized deciphering of
the code more difficult.

To further complicate the code, means are
provided for shifting the incidence of the
designating interconnections between charac-

o~ ters to change, not only the code, but the code

bt

séquence as well. By code sequence is meant
the order in which letters of the code alphabet
follow each other. This is illustrated 1n Fig.
22, wherein no discoverable sequence persists

. through the several code alphabets arranged

one above the other to the left of the mes-
sage-bearing tape 700. Shifting the inci-
dence of said interconnections does more than
bodily change the relation of the code al-

2 phabet to the language alphabet; it mixes

up the order or sequence in which the code
letters follow each other. In the midget
coder this shift of incidence is accomplished
by rotating the commutator 28 (beyond the
range of shift from code to decode position),
to bring different sets of contacts under each
given set of briushes. Thus for example, in
Fig. 4, the commutator might be rotated
through 120 degrees to bring contacts 30e

5 and 32¢ under brishes 26¢ and 24¢. It is con-

templated that the commutator will be ro-
tated after a specifiable number (prefer-
ably only one) of push-buttons have been
depressed, so that the code will not repeat

v itself each time a given character is coded.

The selection of initial commutator posi-
tion and of the interval, direction and amount
of movement is then open to selection and
change by the owner of the machine. Thus

»% he might elect to start coding with the con-

tacts 30e and 32¢ in radial line with the bulb
12¢, and to rotate three (or preferably only
one), full spaces counterclockwise after each
letter has been coded. To decode, it would
then be necessary to set the machine to with-
in a fractional space of the same initial po-
sition to attain the “decode position” nearest
thereto; i. e. with the contacts 30’e and 32'¢
in radial line with the bulb 12¢; and to ro-
tate three (or one) full spaces counterclock-
wise, as befove, after each letter has been
decoded.

Considering the wiring of the machine in
its broader sense as constituting designating
interconnections between characters, it will
be appreciated that each designating inter-
connection is broken up into relatively mov-
able (sce movable commutator) parts or
links. Thus each commutator wire 40 taken
with its appropriate cross-wire 36 constitutes
a link supported by the commutator disk and
movable therewith relative to the code and
language characters, whereby the incidence
of the transitory or changeable designating
interconnections hetween characters may be
shifted. And it should be noted that any of
said wires 40 plus 36 may be connected to
any character by merely rotating the com-
mutator. Statement that the commutator
contacts are arranged in rings is relied upon,
to imply the fact that the movable Iinks of
the designating interconnections are ar-
ranged circularly, i. e. perimetrically, so that
any link may be moved to any character,

In the commutator described in my prior
Patent, 1,510,441 of Sept. 30, 1924, and there-
in termed “code wheel”, it was necessary that
the two sets of commutator contacts be con-
nected inversely in complementary pairs in
order to permit inversion from coding to de-
coding operation. Thus, for example, if
character —H-— contact in one ring of con-
tacts where connected to character —Y— in
the other ring, then character H in said other
ring, would have to be connected to char-
acter Y in said one ring. The commutator
of my present invention is not so limited,
and T have provided means for: reversing
either way from coding to decoding opera-
tion. This is an important feature of the
present case, and, since it is incorporated in
the commutator 28, T shall henceforth term
this, and all other commutators including
the reversing feature, “reversing commu-
tators”. Tt will be understood, however,
that reversing commutators may have other
functions in addition to that of reversing
the electric circuits.

Relating the foregoing explanation of Fig.
4 to Figs. 1,2, and 3:

The commutator 28 is in general an in-
verted-dish-shaped body of insulating ma-
terial and of an outside major diameter equal
to the inside diameter of the cylindrical base
frame 2. The bottom of the base frame is
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opern, to permit insertion of the conunutator,
and a plurality of cap serews 42, in the
lower portion of the casing 2, project from
the inside cylindrical face thereof to retain
the commutator journaled within the casing.
The battery 22 is conveniently carried with-
in the dished portion of the commutator by
a metal saddle 44. The saddle is secured to
the commutator by bolts 46, is in elecirieal
contact with the negative terminal of the
battery, aund is grounded to the frame
through a resilient metallic brush 48 elamped
at one end by one of the bolts 46, and having
s other end sprung up into contact with
the under surface of the top end wall 8 of the
metal frame.

The annuli of contacts 30 and 32 (inelud-
ing contacts 30" and 32') are clearly shown
arranged in two concentric rings near the
periphery of the commutator. There are
four contacts for each of the twenty-six
character spaces of the machive. The con-
tacts are simply bolts pressed into comple-
mentary counterbored holes in the commu-
tator, with the tops of their heads (or nats)
ground off flush with the upper surface of
the commutator. 'The lower ends of the bolts
constitute terminals projecting below the
commutator to receive the contact washers
52, for the cross-wires 36.

As an aid te interchange of terininals, bus
bars 54 take the place of washers in the inner
ring of contacts 32 and 32" and these bus
bars are provided at their inwardly extend-
ed ends with contact screws 56 to receive the
terminal prongs of the commutator wires 40.
This provision fer interchange of terminals
provides another means by which the code
arrangements of the machine may be altered
to suit any correspondents. By merely shift-
ing the wires 40, the code relations of the
machine may be entirely changed to confuse
the unauthorized person attempting to de-
cipher a code.

It should be noted that, from an electrieal
standpoint the wires 40 could as well be con-
nected between the outer ring of contacts 30
and 30" (because of the eross-comnecting
wires 36), or they could be connected be-
tween the contacts 30 and 32, or between the
contacts 30" and 32°. Where connection is to
be made to the outer ring of contacts it will
be found desirable to use longer bolts for
these outer contacts, and to use axially elon-
gated washers 52 therefor, to support the
wires 40 in spaced relation below the inner
ring of contact terminals.

The commutator brushes 24 and 26 are re-
tained above the commutator in an annular

Y brush-retaining block 60 of insulating ma-

terial non-rotatably pressed into the casing
2. The brushes 26 are capped spiral contact
springs carried in loose holes, one beneath
each bulb 12, and in contact with the posi-
tive terminal thereof; the negative bulb ter-

minals being grounded to the frame of the
machine through their sockets in the metal
top wall 8.

The brushes 24 are elongated pins having

the push buttons 20 pressed upon their upper '

ends, so that the push-button switches 24—32
or 24—32" are intimately associated with the
reversing comunutator in this elemental ma-
chine.” The push buttons are retained by
flanges 66 on the pins 24. The push buttons
extend up through holes in the top wall 8 of
the casing and are urged upward by spiral
springs 68 surrounding the brushes 24 be-
tween the push buitons 20 and the brush-
retaining block 60.

An annular metal contact ring 70 having
an inner diameter slightly less than that of
the insulating block 60, has a ring of holes
registering with the brushes 24, and is inter-
posed between the block 60 and the springs
68 to connect the brushes 24 to the positive
terminal of the battery. A resilient metallic
contact brush 72 is supported at one end by
a bolt 71 through the insulating material of
the commutatoer and has its other end sprung
ont into contact with the metal ring 70. A
spring clip 73 1s clamped against the posi-
tive terininal of the battery 22 by the other
end of bolt 71 and so completes the circuits
from the battery through the push buttons
and commutator to the bulbs, and back
through the frame to the battery.

The means for rotating the commutator
consists of a hub 74 bolted to the top of the
commutator and projecting up through a
central hole in the top wall 8 of the casing.
A transverse hole in the top of the hub re-
ceives a rod 76 which constitutes a double-
ended crank arm and is retained by an axial
screw 78 in the hub. The crank arm 76 also
constitutes an index pointer having one end
distingnished from the other end by a mark
80. When the rod is_directly over any one
lens, the commutator is in “coding position”
for the character etched on said lens.
half-spaces for “decoding position” are
marked by the cap screws 18.

To the several means for complicating
codes so-far mentioned as possible with this
midget coder. two others may be added.
Either end of the crank arm 76 may be des-
ignated the index pointer, and the angular
relation of the hub 74 to its commutator may
be altered at will by merely loosening the set
serew 8, turning the hub to a new position,
and tightening the set screw.

The midget coder could be used to code
and decode messages even without its elec-
trical features by merely allowing one end

of the index pointer to designate the code of 220

the character under the other end of the
movable pointer. In this case the index
pointer would constitute a designating in-
terconnection between the two characters
under its opposite ends.
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coder might be operated without the rotat-
able code-changing feature of the commu-
tator by never rotating the commutator.
These apparently obvious methods of use are
pointed out as indicative of the wide range
of choice open to correspondents using this
cryptographic machine.

It is, throughont, one object of my inven-
tion to provide a machine which the operator
wmay use in a variety of different ways to foil
the unauthorized person who would decipher
the code; so that no amount of familiarity
with the construction of the Hebern coding
machines in general, or with any particular
coding machine of this class, or even such
inside formation as the knowledge of the
particular wiring and starting position used
on a particular machine, would be effective to
permanently destroy secrecy. The operators
of the code machine could foil such unau-
thorized spying by merely agreeing to change
the wiring, starting position, arrangement of
lenses, hub position, or interval and amount
of commutator movement during coding.
There are so many possible combinations and
permutations or complications of this sort
open to the operator that he can malke it prac-
tically a hopeless task to attempt to guess the
particular combinations, permutations, ant
complications which are used by any particu-
lar correspondents. These combinations,
permutations, and complications will hence-
forth be referred to as the “key and starting
conditions”, since, when they are all known,
the key to decoding the code messages is had.
“Key conditions” refer to such features as
the commutator wiring, and arrangement of
lenses which are ordinarily not altered dur-
ing the coding and decoding operations;
while “starting conditions” refer to such fea-
tures as the initial position of the index
pointer, and are reset after each message.
There is, however, no rigid distinction be-
tween the two, for what one pair of corre-
spondents may consider a key condition, an-
other pair will alter after each operation.
Moreover, in the more advanced designs of
my invention now to be deseribed, it becomes
practicable to relegate formerly important
starting conditions to the sphere of infre-
quently altered key conditions.

Multiple commutator code machines (malti-
coders)

The simple and inexpensive midget coder
performs its functions to even better advan-
tages than prior costly highly complex picces
of eryptographic mechanism heretofore used,
and 1s intended for use wherever code is used
on any but a large scale; but where a large
amonnt of code message from a given ma-
chine is obtainable by an unauthorized per-
son he may employ means, such as tables of
letter frequencies and the like, for decipher-
ing the code. The midget coder is equipped
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to combat such means of deciphering, only
by frequently changing the key conditions
and by excessively complicating the matter
which the operater has to remember when
voding anl decoding the message. I have
provided automatic means, independent of
the personal equation, in my multi-code ma-
chines for continually changing the key or
starting conditions 1n a  highly complex
fashion, and these in turn are provided with
a hierarchy of key and starting conditions
subject to selection by an operator.

The more complex- (multi-code) machines
of my invention incorporate the reversing
commutator of the midget machine. Inthese
multi-coders, auxiliary means are provided
for altering the code circuits so that code-
changing rotation of the reversing commu-
tator becoines of relatively less importance,
and is retained merely as an adjustment by
which the key conditions of the machine may
he altered. In the multi-code machines, the
wires 40, instead of being direct-connected be-
tween the commutator contacts, as in Fig. 4,
have auxiliary means for altering code cir-
cuits interposed in series therewith.

The auxiliary code-changing means, Figs.
5,6, 7,8, 9 and 10, is formed by auxiliary
(code-wheel) commutators 82, each having
two rings of contacts 84 and 86, on opposite
radial faces thereof, and analogous respec-
tively to the contacts 30 and 32 of the revers-
ing commutator. Each contact 84 on one
side of a code-wheel commutator is connectel
by a wire 88, constituting a link in a designat-
ing interconnection, to some (any) one con-
tact 86 on the other side. The code-wheel
commutators do not embody the reversing
feature, and therefore have no need for an
interposed ring of decoding contacts anal-
ogous to 30 and 32’. Instead of four con-
tacts per character as in the commutator 28,
each code-wheel commutator 82 requires only
two contacts per character, or a total of fifty-
two contacts for the English alphabet. The
code-wheel commutators are modifications of
the code-wheels described in Patent 1,510,441,
Sept. 30, 1924, to E. H. Hebern. From an
electrical standpoint the only essential differ-
ence is that in this early patent it was essen-
tial to operation of the device that the com-
mutator contacts on opposite sides of the code
wheel be reciprocally connected by the com-
mutator wires; so that if a wire connectad
contact “H” on the left side, to contact “Y”
on the right side, a complementary wire was
required to connect “Y” on the left side, to
“H” on the right side. Otherwise the ma-
chine would not decode. In the present in-
vention however, the contacts on one side of
the wheel may be connected absolutely at
random to the contacts on the other side. The
reversing commmutator feature permits decod-
ing regardless of this arrangement of wires
in the code wheel commutators. The code
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wheel commmutators constitute rotatable sujp-

‘Means are providéd for:interconnecting the

nports for the groups of Iimks or wires 83iwhich + codeswheel commutrtors. for rotation, so that
they embody, and will at times be referred i the elementall key. corniditions may be auto-

ttoomerely as supports, and at other times,

§ -more spectfieally-as code-wheels.

iTo: adapt: therreversing commutator. ¢8,
-shown in. Figs.:2 to 4, to the complex ma-
chines; each: wire 40-of the former is in part
‘replaced. in the latter by two: leads or hinks

110 40" and 40"/, shown ini Figs. 5, 6 and 10, s0 that

-connected so that::

i

the .auxiliary code-changing (code-wheel) -

commutatorsmay be connected in seriesthere-
swith. The original terminal connections re-
smain unchanged-so that any pairs of wires

115:40” and 40’/ 1f connected in series, would be
bl

equivalent to the wire 40 of the first embodi-
ament. ‘The wires. 40’ and 40’/ are connected
in-series through:a plurality of code-wheel
commutators. The end of each wire 40’ re-

maticably altered. The code wheels are inter-

through a certain numberof steps, a second
one will move a predetermined amount ; after
the second has moved through a certain nutii-
ber of steps a third will move -a predeter-

‘mined amount; and so on. The code wheels ¢

are interconnected to movedin progressive non-
recurrent succession. In the ideal application

- of thig type of movement each code wheel ig
-placed successively in every possible position

relative to every othercode Wheel;tc.exhaust

the possiblg-tortuous paths therethrough be-

“tween eath character. As will be explained

020 mote: from. commutator 28 terminates in a .

commutator brush 90 (Fig. 10) over the con- -
tacts 86 .on one face of the code-wheel com- -

<muthtor, and the other end of each wire 40"
remote from commutator 28 terminates in a

tacts 84:on the other face of the code wheels.
"By rotating:a . code-wheel commutator be-
“tween the brushes 84 and ‘86, just as the re-
.versing ‘commutator 28 in® the. midget:mu-

430 chine had been rotated through whole spaces,
e) b

the code may be: changed «during -operation
- of the:multi-code machineg just as it.had been
altered in the elemental or midget machine,
Vs g0 far ‘deseribed,; the complex: machines

135 merely embody one added key condition (wviz.

wadjustable rotation of the reversing commu-
tator) over the elemental machine.

Ini the complex machines, employment of

but ta- single code~wheel commutator -would

440 fail to exploit the fullest: advantage accruing

from the more ddvanced design. Actually,
“five code-wheel comniutators are employed 11
-series, each between a pair of brushes. ;For
convenience, these code-wheel commutators

445 and their brushes will be numbsred from 1&f¢

“to right by subscripts. -Thus, referring to the
upper portion of Fig. 10, commutator- 82,18
placdd between brushes 90, and 92, ; brushes
92,:are connected to brushes:90; ; commutator

150 82, 18 placed between brushes90, and 92, (not

- shown) ; and:so on,
“Tn the:drawings these subscripts will be:ap-
plied to the code wheels and to certain repre-
‘sentative elements associated therew ith,it be-

155 1ing understood that: they are apphcable to

- gvery element of, or directly associated with,
each separate code wheel. Tt should he
“noted that the number of key conditions is
greatly extended, by these auxiliarv commu-

160+ tators, for each commutator 82 may be wire

differently; may be bodily inverted in the ma-
chine, or may have its wiring changed at WiL,
and each may be rotated to a chﬁermf posi-
“tion and may be connected for rotation in dif-

‘53 { ferent -sequence.

15 similar commutator brush 92 overithe con-.

later, the preferred type of relative movement
is that in which each code wheel is advanced

one step after the wheel of next higher spged

haq completed the:major portion ofits rexolu-

tivn_and before it has begun torepeat itself.

In thetslemental machine, the code sequence
will begin' to repeat itself after twenty-six

operations (turmng through one whole com-*

mutator space after each character has been
coded y unless the key conditions are changed
by the operator. In the five-code-wheel ma-

‘chines so far described. it has been caleulated
‘that a cdde-sequence will not repeat itself’

~within' twenty-six-to-the-fifth-power, opera-
“tions;-after which each possibility of change

ot fmy final key condition by the operator will
produce another 1¥,881,376 sequences.
In the multi-code machines as descrihed so

‘far, the designating interconnections are split

into several 'different gronps, each supported
by one commutator, and movahle with respect,

‘to one”another as well as to the characters

they interconnect. *Where the interconnec-
tions in the mideet coder each had but a sin-
@le movable link; those in the multi-code ma-
chines have a plurality of movable links ar-
ranged  perimetrically in- groups, and each
movable relative’to the other links of its
series; and means are provided’ for moving
each of these groups successively to substan-
tially exhaust the possible incidences of .the
linkages.

The more elaborate‘devics of my invention
will first be described in detail as applied to
an indicating code machine, and will later
be described in its'most advanced form as a
recording code machine,

In the drawings, Figs. 5, 6, 7, 8, 9 and the
upper half of Fig. 10 are unqualifiedly repre-
sentive of the indicating code machine first
to be described. In describing this indicat-

ing code machine however, infrequent refer-.

ence will be made to specified portions of Fig.
11 and the lower half of Fig. 10, where these
figures show elements common to both-multi-
code machines, to better advantage than do
Figs. 5 to -9 inclusive.

after one has moved
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Portable multi-coder (five code-wheel indi-
cating reversing code machine) (see Figs.
5,6,7,8 and 9)

A substantially rectangular metal base-

g frame 100 has a pair of upstanding metal

10

18

2¢

M

60

b neath each push button pin.

supporting walls 102 bolted thereto at its
opposite sides at its back portion, and is pro-
vided with a front superframe of insulating
material for housing the push-buttons and
indicating lights. The front portion of the
base frame is without a top wall, to provide
a rectangular opening; which opening is then
covered by the insulating base plate 106 of
the front superframe. Above the {front part
of the base plate 106 is the inverted box-like
push-button housing 108, forming the front
portion of the front superframe. The rec-
tangular opening of the housing is enlarged
for a slight distance above its bottom to re-
celve the horizontal metal push-button con-
tact plate 110 which is secured to the hous-
ing by bolts 112. The plate 110, and the top
of the housing, are provided with a plurality
of aligned holes to receive push-buttons 114.
The push buttons are metal pins each pro-
vided with an annular flange 116; the upper
surface of which is adapted to bear against
the top of the housing to retain the push
buttons. A coil spring 118 surrounds each

it pin between the flange 116 and the plate 110

to hold the push buttons in raised position.
Caps 120, of insulating material top the push
buttons, and each cap is provided with a dif-

.ferent language or code character printed
55 thereon; in this case being merely the Eng-

lish alphabet arranged as in an ordinary
typewriter. Fixed metal contact pins 122
are received by openings formed for them in
the insulating base plate 106, and one be-
When any push
button is depressed upon its contact 122, it
completes a circuit which will later be de-
scribed as including one of a plurality of
electric light bulbs 124,

The bulbs 124 are housed in a box-like bulb
housing 126 which forms the rear part of the
front superframe. The housing 126 has its
bottom resting upon an insulating plate 128,
which in turn rests upon the base plate 106.
The housing 126 has a plnrality of depres-
sions to receive the electric light bulbs, and
the depressions are covered by a two-ply
translucent plate 132 having language and
code characters printed thercon, one above
each depression. The translucent plate is
covered by a metal retaining plate 134 hav-
ing openings above each depression to reveal
the illumined characters. Bolts 136 secure
the plate 134 to the housing. A metal plate
138 closing the bottom of the housing has
standard screw sockets formed therein for
the butbs. The plate constitutes the negative
contact terminal for all the bulbs. The posi-
tive terminal of each bulb is contacted by one

of a plurality of capped springs 140 similar
to the springs 26 aforedescribed, and guided
in holes through the plate 126 in line with
the bulb sockets. Contact pins 142, exactly
similar to the pins 122, are also provided in
the plate 106; one in line with each bulb and
in contact with each spring.

The electrical connections between these
two sets of pins 122 and 142; i. e. between the
sush buttons and bulbs; will next be de-
scribed.

A dry cell battery 144, having a positive
tevminal 146 and a negative terminal 148, is
conveniently retained by a pair of insulated
clips against the side wall 102. The plate 110,
forming one terminal of each push button
switch, is connected to the positive battery
terminal 146 by a wire 152. Each comple-
mentary push-button switch terminal 122 is
connected by one of the wires 154 to one of
the reversing-commutator brushes 156 annu-
larly arranged upon a brush-retaining disk
158, of insulating material. The disk
158 closes a circular opening in the top of the
rear part of the base frame 100, and is secured
to the top of the rim 160, surrounding this
opening, by bolts 162. The brushes 156 are
flat brass springs slightly convexed at their
outer lower ends and secured at their inner
ends to the disk 158 by bolts 164 through the
disk. The projecting upper ends of bolts 164
serve for attachment of the terminals of wires
154 from the push-button switches. The
brush-retaining disk 158 is provided with an
annular depression below the free ends of the
resilient brushes to permit them to spring.
Concentric to and within the ring of brushes
156 is a second annulus of exactly similar
brushes 166 similarly secured by bolts 164.
Wires 168 lead one from each of these latter
brushes to each of the contact pins 142 of the
positive bulb terminals. Wires 170 and 171,
lead from the negative bulb terminal plate
138, through a master switch 294—296, Fig.
7, to the negative terminal 148 of the dry cell.
The master switch may, for present purposes,
be assumed always to be closed, so that the
only gap to a complete circuit from the push
buttons to the bulbs, lies between the two
rings of commutator brushes 156 and 166.

The circuit connecting the brushes of these
two rings will next be described.

The circular opening in the rear part of the
main frame 100 is counterbored at its top to
rotatably receive the reversing-commutator
disk 28" with its upper surface flush with the
rim 160, and therefore touching the brush-
retaining disk 158. A circular opening in
the disk 28’ is journaled upon an annular
flange 174 depending from the disk 158. The
commutator contacts 176, 178 and 1767, 1787,
(Figs. 6 and 10) are, in all essential respects,
like the contacts 30, 32, and 30", 32" in the
analogouscommutator 28 of theelemental ma-
chine, and they are similarly joined by cross
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wires 86’ to constitute, with their brushes
158 and 166, a reversing switch permitting
change from coding to decoding position.

A reversing lever is provided for shifting
the commutator 28°. A disc-shaped plate
182 has its rim bolted to the bottom of the
reversing commutator near the periphery
thereof, by an annulus of bolts 184; and the
reversing {ever 186 is pivoted at its inner end
to the center of plate 182 by a pin 188. The
outer end of the lever extends along the bot-
tom of the machine to the front thereof and
terminates in a shift handle 190. The
threaded bolt holes 192 in which the bolts
184 are received, are continued through the
rim of plate 182 to receive a thumb screw 194
passing through a hole in the lever 186.
‘When the thumb screw is removed the revers-
ing commutator 28° may be rotated to any de-
sired position, just as the analogous com-
mutator 28 may be, to alter the code. For
convenience, the shift lever 186 is provided,
so that when once adjusted to desired posi-
tion, the reversing commutator may he
shifted from code to decode position without
inverting the machine. Though the com-
mutator might conceivably be rotated, as by
ratchet means or the like, after each character
had been coded, it is not deemed necessary to
do this, in view of the auxiliary code-chang-
ing means now to be described.

Instead of interconnecting the reversing
commutator contacts as in the elemental ma-
chine, directly by fixed wires 40, one for each

i pair of contacts 32 (Fig. 4) ; separate wires

40 or 40" from each contact 176, (or other
of the four contacts 176, 176", 178, 178" of
each set), in the complex machines lead to op-
posite brushes 90 and 92 of the code-whee!
commutators 82, (Fig. 10). The brushes 90
and 92 are similar in all respects to the resil-
ient flat brass brushes 156, and are bolted to
the inside face of oval brush-retaining plates
200 by bolts 202 which form the terminals
for wires 40” or 40”” from the reversing com-
mutator 28’. These plates 200 are grooved
annularly to permit the brushes to spring.
A central opening in each plate 200 receives
a shaft 204, and journaled on this shaft, with
their radial faces hearing between the inside
faces of each pair of brush-retaining plates
200, are the rotatable code-wheel commuta-
tors. Each code-wheel commutator is a
wide-rimmed metal spider 82 (Fig. 10), hav-
ing an opposed pair of annular similar in-
sulating plates 208 clamped together npon
opposite sides of and including the narrow
spider web, by a ring of bolts (not shown),
just within the rim of the spider. The com-
mutator contacts 84 and 86 are bolts each ex-
tending through one of the plates 208 and
having their heads flush with the outer face
of the plate to form an annulus of contacts
on each side of the code-wheel commutator.
The threaded ends of the contacts 84 and 86

project slightly beyond the inside faces of
their plates 208 to receive bus-bars 214 simi-
lar to the bus-bars 54 in commutator 28. An-
nular insulating plates 216 separate the bus-
bars from the spider. Commutator wires 88
cach have one end connected to a bus bar on
one side of the commutator, and extend to
some (any) other bus bar on the other side
of the spider, so that each contact 84 on one
side of the commutator is connected, hy.gue
linlg 88 in the series making up each desig-
itingrinterconnection, to a contact 86 on the
offier side of the commutator; and, just as in
the reversing commutators previously de-
scribed, these commutator wires may be
shifted at will to alter the circuits through
the commutator.

As has been mentioned, there are actually
five rotatable code-wheel commutators, but
cach is identical, in its constructional aspects,
to that aforedescribed, and each is included
between a pair of similar brush-retaining
plates 200. In all but the two end brush-re-
taining plates, the brushes 90 and 92 on oppo-
site sides of a given plate are connected di-
rectly in series by the simple expedient of re-
taining both of them in common by a single
row of bolts 202. The end plates, of course,
have brushes only on one face thereof; which
brushes are direct-connected to the wires 40’
and 40’ to and from the reversing commuta-
tor 28,

The assembly of code-wheel commutators
and brush-retaining plates is secured be-
tween a pair of similar curvi-angular flat
metal plates 220, somewhat similar in outline
to oval plates 200, by two rods 222 passing
through aligned holes in opposite apexes of
each plate 200 and 220, and threaded at their
ends to receive the retaining bolts 224. The
belts 224 urge the plates together, and a plu-
rality of metal sleoves 226, one between each
of the brush-retaining plates 200, hold the
plates rigidly in spaced relation to rotatably
receive the code-wheel commutators. The
plates 220 have a central opening to receive
the shaft 204 upon which the code wheel
commutators are journaled. When the shaft
204 is removed the code wheels are held in
the code wheel unit only by the pressure
of the resilient commutator brushes and may
be removed, inverted, or interchanged.

As an example of one modification of the
code wheel set-up it has been suggested that
one of the end brush-retaining plates 200
be omitted from the code-wheel unit, and
that the wires 40’ (or 40”’) then be con-
nected fixedly to the ring 208 of commu-
tator contacts on one side of the code wheel
82, (or 82;). The fact that the contacts are
actually bolts, adapts them readily to the
modified function of terminal screws clamp-
ing the wires 40’ (or 40”’). The wires 40’
(or 40’") need be long enough to permit only
one full revolution of the code wheel 82,
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(or 82;) in either direction, and of course
this end code wheel would be rotated no fur-
ther than the wires would permit. It will
readily be appreciated why the illustrated
set-up is: preferred to the modification here
described. The main object of suggesting
this modification is to emphasize the fact
that; considering the wires 40" (or 407’), as
one set of links in the designating inter-
connections between characters; there is no
inherent reason why the incidence of any
given link may not be altercd (as by mov-
ing only one end of said link, while keep-
ing the other end fixed, relative to the rest
of the interconnection). In other words, it
is desired to indicate that the incidence of
an interconnection may be altered by alter-
ing the incidence of a link thereof, as well
as bv bodily moving <aid link. Movement
of the code-wheel commutator 82, (or 82;)
in the suggested modification would shift
only one end of each wire 40’ (or 40”") at-
tached thereto; whereas movement of the
commutator 82, for example, would bodily
shift both ends of the links defined by the
commutator wires 88, thereof.

Means are provided to yieldingly resist
rotation of the code wheel cominutators rel-
ative to the assembly of plates 200 which
snpports them; so that the assembly may
be rotated while only certain specified code
wheels are held, to cause their advancement
relative to the brush retaining plates 200.
A shaft 228 (Fig. 11) similar to the rods
222, is bolted between angular apexes of end
plabes 920, Forked crank arms 230, one for
each code wheel, are journaled on the shaft

298, and a roller 232 is pinned in each arm
with its peripbery aﬂnpted to bear upon the
notched rim of the code wheel above it. Ad-
justable springs 234 urge the arms with their
rollers against the rims of the code wheels
to resist their free relative rotation. The
springs are fixed at one end to the free ends
of arms 230, and at the other end to a rod
936 parallel to and in front of the shaft 228,
dl)d similarly secured to the end plates 220.

The entire code wheel assembly between
and including the end plates 220. constitutes
a “code-wheel unit,” which is journaled for
oscillation in the machine. Means (sce Figs.
5, 6 and 7) are provided for rocking the
code wheel unit about its axis. The end
plates 220 each have outwardly extending
hubs 250 concentric to the code wheel shaft
904. Each hub 250 is journaled in a bear-
ing 252 in each side walls 102 of the ma-
chine, so that the entire code wheel unit is
pivotally supported in the machine. A rock
shaft 254 is journaled in the side walls 102
parallel to and Delow the code wheel unit,
and a pair of erank arms 256 pinned to the
rock shaft is pivotally connected to a pair
of connecting rods 258, which in turn are
pivoted abaxially to the end plates 220 of

REF ID:A273646
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the code wheel unit by bolts 260. The shaft
254 extends beyond the side walls 102 and
an operating lever 262 extending to the front
of the machine, is keyed to one projecting
end of the shaft 254, When the operating
lever is depressed, the entire code wheel unit
is rotated through not less than one twenty-
sixth of a revolution. An arm 264 pinned
to each projecting end of the shaft 254 is
connected by adjustable springs 266, to the
side wall 102, The adjustable springs 266
resist depression of the operating lever and
restore the unit to normal poesition upon the
release of said lever.

Medns are provided for holding selected
code wheels against rotation in one direction

cause their advancement relative to the unit.

70

75

),

as the rest of the code wheel unit oscillates, to /

Depressions 267, in the midperiphery off

each code-wheel commutator forms its rim
into a cog wheel. Ratchet dogs 268, one for
each code wheel, are journaled on a shaft 270
{Fig. 8) extending between the side walls 102,
and parallel to and behind the code-wheel
unit. The active noses of the dogs extend
over to contact with the cogged portlon of the
surface of their respective “code wheels, and
are beveled to permit free rotation of the
code wheels in rvesponse to depression of the
operating lever 26Qemavhile preventing their
rotation (relative to the machine as a whole)
as the code wheel unit is rotated back by the
spring 266. The dogs 268 thereby cause the
code-wheel commutators to be adv anced rela-
tive to their brushes. Ad]uetmble springs 272
connect depending lugs 274 on each of the
dogs, to a fixed bar 276 extending between
the end walls 102. The springs 272 tend to
urge the dogs 268 into active contact with
the cogged rims of the code whee's. A plate
277 par: allels the bar 276 and extends forward
almost into abutment “ith the lugs 274 of the
dogs to limit movement thereof when a code
wheel is removed.

Means are provided to hold certain of the
dogs 268 out of contact with the code wheels
at certain times to permit determined non-
synchronous rotation of the code wheel com-
mutators. Adjacent each ratchet dog 268 is
a cam-follower dog 278 of somewhat similar
shape to the dogs 268, and similarly pivoted
on the shaft 270. The follower dog has a
cam-roller 280 pivoted to its rounded nose
and projecting into contact with its code
wheel along the uncogged surface near the
edge thereof, so that it is not influenced by
the code wheel at each denression 267 in the
mid-periphery of the rim. In each code
wheel, one of the depressions, 267’ extends
entirely across the rim of the wheel and there-
fore into the range of the follower dog 278.
Springs 272 are provided for the dOfrs 278,
and are harnessed exactly as for the dogs 268,
to urge them toward their respective code-
wheels. The characters A, B, C, etc. printed
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on the eode wheels are arbitrarily chosen for
convenience in designating starting key con-
ditions and bear no relation to language or
code alphabet relations. Index marks 269
are printed on the piates 200 to aid in setting
the code wheels to starting position. (See
Fig. 5.)

It will be noted that each code-wheel has a
ratchet and also a cam for causing and con-
trolling code-wheel commutator advance-
ment. In this respect they differ from the
construction of the code wheel in my earlier
Patent #1.510,441, aforementioned.

What I believe is a novel type of control
mechanism has been provided between the
ratchet dogs and the.follower. dogs to hold
the Tatchet dogs inactive at all times except-
ing when one of the rollers 280 rides into a

depression: 267/, - Four parallel bars-284;,

9844, 284., and 284,, (subscripts arbitrarily
chosen) arranged in an arc concentric to the
dog shaft 270, are pivoted at their rounded
ends in pairs of aligned holes in the opposite
side walls 102 of the machine frame. Ineach
bar 284, Figs. 8 and 9. ten squared holes are
formed, one above and directed toward each
dog 268 and 278; and any of the forty holes
thus provided, are adapted to receive one of
a total of preferably eight square-headed
dogging pins 286. The bars are recessed rec-
tangularly aboveeachho’etoaccommodate the
heads of pins 286. FEach dogging pin is long
enough to project appreciably below the bar
into one of a series of four notches formed
along the back face of each dog 268 and 278
and it is contemplated that each bar 284 will
carry two dogging pins; one cooperating
with a dog 268 and one with a dog 278. The
notches in the dogs 268 and 278 provide teeth
adapted respectively to be acted upon by, and
to act upon, the dogging pins 286. The ac-
tive (unbeveled) faces 288, of the teeth in
follower dogs 278, face away from the code
wheel unit so that the dogging pins bearing
thereon will be affected when a roller 280
ridesinto a depression 267’ on any code wheel.
The active faces 290, of the teeth in ratchet
dogs 268, face toward the code wheel unit so
that the dogging pins bearing thereon may
hold the ratchet dogs, against. the action of
springs 272, out of contact with the code
wheels. The notches are large enough to per-
mit free play of the dogging pins in a direc-
tion away from the active faces 288 and 290.
When the roller 280 rides up out of notch
2677, it raises the cam-follower dog 2 The
active face 288 of one of the notches in the
follower dog, moves the dogging pin cooper-
ating therewith, causing the bar 284 in which
it is carried to rock back with its second dog-
ging pin against the active face 290 of one of
the notches in the ratchet dog 268, thereby
moving the ratchet dog, against the action of
its spring 272, out of contact with the cogged
surface of its code wheel. Each time one

1,861,867

of the code wheels has rotated a full revolu-
tien to bring its noteh. 267 under the roller
280. the associated code wheel of next lower
speed is moved ahead one notch.

The projecting tips of the dogging pins 286
are cut away from one side to leave an active
central dogging face. "When the pinis placed
with its dogging face forward toward the
code wheels, 1t is operative upon the teeth in
the cam follower dog 278, and when turned
through 180° to place its dogging face back-
ward, 1t is operative upon the ratchet dog 268.

The squared heads of the pins 286 (Fig. 9)
are offset (longitudinally of the bars 284)
relative to the main axis of the pins, to permit
close enough juxtaposition of the pins. Be-
tween each pair of holes in each bar 284 is a
threaded hole adapted to receive a cap screw
292 for clamping any pin, or pair of pins, in
place.

Due to the involved character of the struc-
ture, Fig. 8 has been made fragmentary to
completely ilustrate only one or two control
trains through the bars 284. It is feasible
however to completely describe the operation
with one sample arrangement of the dogging
pins 286 in the bars 284 by the use of sub-
scripts.  Subscripts 1 to 5 after any refer-
ence character will designate juxtaposition to
code wheels 82, to 82;; subscripts «, 8, v, and
A, will designate juxtaposition to bars 284,,
to 2844 ; and subseripts R or F will designate
juxtaposition respectively to ratchet dogs 268
or to follower dogs 278. Thus, for example,
286 g2 designates a dogging pin in bar 284,
projecting into a notch in ratchet dog 268,
bearing one code wheel 82, As a sample
arrangement, take pins 2864, 286xrg, 2865y,
286R73, 286FA3, 2863A5, 28617'::5 and 2863&4'
These dogging pin pesitions have been tabu-
lated as follows:

ode | g 8% s s | 8%
2840 286R | 286F
H]
@
A 284p 286F 286R
Ry
Es i
£ 284y ! 286F 288R
5 —
284; i 286F 286R

Referring to the above table it will be noted
that the ratchet dog 268, bearing on code
wheel 82; has no dogging pin 268 cooperat-
ing with it to hold it out of contact with its
code wheel. This means that with the select-
ed dogging pin arrangement, code-changing
commutator wheel 82, will be continuously
rotated one step each time the code wheel
unit rocks. Once each revolution, the notch
267,” will roll under the cam follower dog
278,, causing the dogging pin 286y (see ta-
ble) in contact therewith to release its bar
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9845 with dogging pin 286zs: so that a ratch-
et dog 268, will be allowed to contact code
wheel 82, to advance it one notch or one
twenty-sixth of a revolution. When code
wheel 82, has rotated this way, through a com-
plete revolution, it causes wheel 82; (see ta-
ble) to advance one step. After each com-
plete revolution of wheel 82, this way, wheel
§2; is advanced, and so on, automatically in
progressive non-recurrent succession, until a

" number of changes of code has been accom-
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40
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plished which is measured by the number of
letters in the alphabet raised to the power of
the number of code wheels provided.

In this machine, with the described ar-
rangement of pins 286, the nurmber of abso-
lutely automatically controlled code changes
involving no shift of key or starting condi-
tions nor adjustment of any kind is twenty-
six raised to the fifth power (26°) or
11.9 X 10° independent and abselutely auto-
matically controlled changes of code relation,
lacking any regular recurrence, and based
upon a purely mechanical plan having no
relation to which letters are coded. ]

Commercially, the machine is supplied with
more than eight dogging pins in order that
certain of the code wheels may be held inop-
erative if desired by the users. This opens a
whole new range of selective key conditions,

j for if a third dogging pin 286 is inserted in

any one bar 284, in line with a second cam
follower dog, obviously one of the code wheels
will be controlled, not by a single cam fol-
lower dog, but by two said dogs, and will be
advanced but very infrequently. Similarly,

b by logical extension, any one or more code

wheels may control or be controlled by any
one or more other code wheels; or by using
enough dogging pins, may be prevented from
advancing; or by using less than two dogging
pins in one bar, certain wheels may he moved
continuously. In short, the bars 284 and
movable dogging pins 286 provide adjust-

s ments permitting practically every con-

ceivable arrangement and relation of code
wheel drives. While, in preferred form, my
invention specifies the aforedescribed ar-
rangement using eight dogging pins, the other
possible combinations of code wheel move-
ment might be tabulated, and each will be
found to produce a different specific coding
system. It would be inexpedient to describe
each of these systems in detail, and T have
chosen the more concise exposition; viz. to
explain how these systems are attained. The
machine of my invention may in fact, be con-
sidered a basie formmnla for deriving new
coding systems; the particular solutions of
the formnla being accomplished by substitut-
ing dogging pins 286 in the various holes pro-
vided in the bars 284.

In addition to those arrangements of dog-
ging pins which produce new coding systems,
there are of course, many different ways in
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which each system may be applied to the five
code wheels. In fact, with the single system
described as preferred, and using two dog-
ging pins in each bar 284, there are 120*
possible arrangements of these pairs of dog-
ging pins, This figure will be used in the fol-
lowing sample calculation of the number of
changes of key conditions provided by my
machine. The number of these possible
changes and the ease with which they may be
made practically insures the ability to main-
tain secrecy of code even though the construc-
tion and manner of operation of this type of
coding machine be common knowledge.

The adjustability of these dogging pins
provides selective means for altering the nor-
mal movement of any, or any combination; of
the code wheels. Thus the relative speeds
may be altered at will, and the speed of any
wheel may be varied from a stand-still to
maximum speed.

Aside from the aforedescribed means for
driving and adjusting the code wheels, any
one of them may be rotated by hand (due to
the fact that the ratchet mechanisms are posi-
tivein only one direction), and thus the phase
relation of the code wheels may be adjusted,
and the wheels may be reset to any starting
position.

There are 26° different possible starting
positions of rotation for the combined five
code wheels. In addition to the 120 dogging
pin arrangements there are 120* possible rel-
ative arrangements of the five interchange-
able code wheels in the machine (i. e. posi-
tions of each of the five groups of links rela-
tive to the designating interconnections) ; and
for each of these 120 positional arrangements
there are 2° possible arrangements between
normal and invert positions of the five code
wheels. So far we have 120X 265X 120% 95,
or over eight trillion possible changes. The
arbitrary designation of code and decode
positions may be interchanged, thus dou-
bling the possible number of changes to
120X26°X 120X 2°X 2. There are twenty-six
different key positions of the reversing com-
mutator, making 120X265X 120X 2°X2X 26
possible changes, or a total of 284 trillion,
(2.84X10**) changes securable by simple ad-
justment. Tn addition, there are a practically
infinite number of changes of wiring possible
in the combination of six commutators (five
code-wheels, and one reversing commutator).
It is intended however, that changes of wiring
be resorted to only in unusual circumstances,
for the more simple adjustments provided in
the structure of the machine, should be ample
for all ordinary purposes.

*This fizure is most easily understood by considering
that the dogging pins may control the relative speed of
five different code wheels in different combinations. See
Langie—*“Cryptography” (Constable and Co. Ltd., London,
pulishers) page 156 for possible arrangements of five
elements.
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A pair of corresponding machines must
have their six commutators respectively
identically wired and positioned in order for
one to decode a message coded on the other.
Assuming two machines are thus identically
wired, and have their reversing commutators
identically positioned, then a sample “final
key” condition, known to both correspond-
ents and serving as the starting position for
coding or decoding, might be:

Order of code wheels left to right: 5, 2, 1,
3, 4; code wheel #1 inverted, all others nor-
mal. Starting positions of code wheels left
to right: Y, B, A, C, X. Dog positions: as
per above table. Reversing lever in “code
position” for coding ; “decode” for decoding.

The machines must be set to these “final
key” conditions at each starting position of
coding and of decoding: and if any “key
condition” whatsoever, on either machine is
changed, a corresponding change must also be
made in the other machine, For conven-
ience in setting the code wheels to starting
position, the aligned index marks 269 have
been printed on the top edge of each oval
plate 200.

The master switch 294—296, heretofore

referred to, consists of a platmum contact

294 (Fig. 7) connected by the wire 171 to the
negative terminal 148 of the dry cell battery
and supported in an insulating clamp 298
bolted to the rock-shaft arm 264. An up-
standing contact 296 is bolted against an
insulating plate and to the side wall 102 in
the path of the contact 2084, and is connected
by the wire 170 to the negative bulb terminal
plate 138. This switch is closed only when
the majn operating_ Tever 262 1s fully de-
resse
only Since the code wheel advance is
a Heally accomplished upon release of
the lever 262, the operation of this multi-
code machine is not dependent upon the oner-
ator’s memory to advance the code whaels.

The five-wheel indicating code machine iz
of comparatively small size and light weight,
and may be carried about in a packing case
in much the same way as a portable type-
writer would be. A pair of horizontal lugs
300 project inwardly from the back of the
bottom of the base frame to form feet. and
are each provided with rubber seating pads
302. A vertical hole centrally through each
lug extends up through the top of the base
frame 100 to receive the thumb-screws 304
for clamping the machine within a portable
case, (not shown). It is intended that the
cage be of closed handbag type and be pro-
vided with a lock, so that the code wheels may
not he open to general inspection when the
machine is not in use.

The two portable machines of my inven-
tion, which T have so far described mayv be
used complementarily by a single pair of
correspondents, or either may be used with

_allowing. the Inachine~te.indicate,

the power-driven recording machine next to
be described. In other words, by proper
attention to the “key conditions” of the ma-
chines, either multiple-commutator machine
might be used to decode a message coded on
the elemental machine or vice versa; and
stinilarly the two types of multiple commu-
tator machines might be used complemen-
tarily. Thus, for example, an excessive
number of dogging pins 286 might be in-
serted into the bars 284 in the multi-code ma-
chine so that only one code-wheel would be
rotated. This multi-code machine would
then operate normally on the simple system
generally used in operating the mldget
coder. Then by proper selection of the wir-
ing and starting positions in the two ma-
chmes they could be used complementarily.

Auto-multi-codewriter (five-wheel recordin
: g
code machine)

In the final form of my invention I have
retained the advantageous features of the
aforedescribed multi-coder. some in con-
siderably refined form, and to them I have
added a number of improvements. Through-
out, however, I have retained the essential
features of the simpler device. The descrip-
tion which is to follow assumes a knowledge
of these essential features as described. I
have, throughout the design of this final form
of my invention, striven to provide a ma-
chine which does its own thinking (as by
mechanical and electrical auto-controlling
interconnections) so that errors introduced
through the “personal equation” are reduced
to a minimum, )

In broad terms, the five-wheel recording
¢ode machine would correspond to a five-
wheel indicating code machine arranged for
power operation, and having its electric bulbs
displaced by novel pnntlnrr mechanism.
Features of novelty relating to both of these
generally defined modifications of the previ-
ous device, will be explained, both as inherent
in the mechanism and arrangement, and as
auxiliary thereto.

A bage-frame casting 400, of generally rec-
tangular plan, has depending foot lugs 402,
one at each corner, an upwardly- directed
front keyboard base 406, and perimetral
walls 408 having a flat upper seating face
adapted to receive an encasing cover 419,

The cover 412 is hinged at 414 to the back
of the base frame. and has a pair of sockets
formed in its front rim to engage with lock-
ing bolts 416. The locking bolts are housed
in ]ugs 418 upstanding from the base frame
and are each slotted at their itner ends to
form yokes for the upper ends of actuating
cranks 420 attached by pivot pins 422. The
actuating cranks are pinned to a lateral shaft
424 (Fig. 13) journaled in the base frame,
and actuated by an appropriate “Yale” or
other standard lock 426, operated by a key
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428. When the cowver is lecked the machine
cannot be -eperated and the secret code-wheel
commutater wiring is hidden.

The machine is')provided with a typewriter-
like keyboard. Rising from the front part
of the base-frame 400 1s a keyboard housing
comprising a generally dome-shaped casting
430 (Fig. 16) having side walls 432, flanged
at their bases to seat upon the side walls of

1o the base frame, and attached thereto by

screws 434. The operating keys are pivotal-
ly supported by a key-bearing shaft 436 sup-
ported at its ends by aligned holes in oppo-
site side walls 432,

15 Journaled on the shaft 4386, are a plurality

-of separate typewriter-like switch-actuating
keys 438 (Figs. 11, 12, 14 and 15) analogous
to the push buttons 20 and 120 respectively
of the two machines-aforedescribed. and each

gp distinguished by a different language or code

character embossed on the finger tab thereof,
and hereinafter differentiated by these char-
acters as subscripts; e. g. 438a, 438D, ete.
Each key is a vertical strip journaled at its
rear end on the shaft 436 with its axis heri-
zontal. An upstanding ear at its front end
carries the finger tab. A depending ear near
its front, (Fig. 15), terminates in a rear-
wardly extending horizontally flattened

30 hook 442, to the top of which 1s fixed first

an insulating tab 444, and then one end of a
resilient flat brass conductor 446. The other
end of each conductor 446 is fixed to a single
insulating plate 448. Push button contact

35 tabs 450 and 452, one on the conductor 446

and one beneath it on the plate 448, make
each key 438 control a push-button switch
450—452. The contact tab 452 is a bolt ex-
tending threugh :the insulating plate, and

44 constitutes directly one terminal of the push-

butten switch. The gther ‘switch terminal
450" is formed by the holt which secures the
resilient conductor 446 to the plate 448. The
wagher 453 about each bolt 450" is merely a

45 spacer between the members 446 and 448,

The contacts 450—452 are held normally
separated and the keys are held in raised po-
sition by adjustable springs 454, (Fig. 11).
The springs have their lower ends hooked

50 through holes provided for them in the kevs,

43

and at their upper ends are held by long
threaded screw hooks 455 slidable through
holes provided for theny in the top of housing
430. The effective length of the screw hooks,
and therefore the spring tension. may be ad-
justed by the thumb nuts 457 for each screw
hook. The thumb nuts abut against the top
of housing 430. This type of spring adjust-

6uf ment-using a long adjustable bolt-hook at one

{ spring attachment has been standardized
throughout my machine, and will herveinafter
i) « k)

5 be referred to simply as an adjustable spring.

i Upward movement of the kéyrte-tnited %

8 depending flanges 456 and 458 extending
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from one side to:the other of the housing 430,
Fig, 16.

Means are provided for adjusting the nor-
mal distance between contacts 450 and 452.
The insulating plate 448 supporting the con-
tacts 452, is held at each end by a pivoted arm
458" (Fig. 16). The arms 458’ are pivoted at
460 to side walls 102" rising from the base
frame 400 immediately behind the walls 432
of keyboard housing 430. The forwardly
extending portion of arms 458 which sup-
port the plate 448, are provided with arcuate
slots 462. A screw 464 (Figs, 13 and 14) in
each lug 418 upstanding from the front part
of the base frame, has its shank extending
through the arcuate slot 462 so that its head
is adapted to clamp the arm 458" in adjusted
position to adjust the height of contacts 452.

A spacer bar 459 is provided and posi-
tioned as in an ordinary typewriter. Tt is
carried at the end of a pair of arms 461, (Fig.
16) one at either side of the housing 430 just
inside of the walls 432 thereof. The arms
461 are fixed to a shaft 463 journaled in the

walls 432 parallel to and behind the main

key-bearing shaft 436. No separate code
connection is employed for the spacer. In-
stead, a hook 465 is screwed to the spacer bar
with its end hooked over key 4382 (Fig. 12),
so that the code of the infrequently used let-
ter “Z” is charged with designating the
spaces between words; it being inadvisable
to space the code letters into blocks equal in
length to the words coded, for this gives a
clew to guessing certain words for decipher-
ing the code. It may be found convenient to
provide a plurality of screw holes in the
hook 465 and bar 459 so that the hook may
be attached in different positions to engage
different keys.

Whereas, in the machines aforedescribed,
closing of a push button switch actuated an
indicating light; in this recording machine,
type-writer mechanism is provided instead.
and will now be described. The typewriter
sub-frame is an annular hollow metal cast-
ing 474, having four apertured supporting
ears 476 projecting radially from its lower
circumferential surface. These ears are se-
cured by bolts to four vertical posts 478 ris-
ing from the base frame 400 at its rear por-
tion. An L-sectioned metal ring 480, con-
centric to the casting 474, rests with its rim
upon the casting, and carries the circle of
two alphabets of type bars.

Fach type bar 482 or 483 is pivoted in a
yoked lug 484 which is bolted to the plate 480,
The type bars are arranged in two aligned ec-
centric semi-circles of equal diameter so
that any two type bars 482 from the lan-
guage alphabet semi-cirele and 483 from the
code alphabet semi-circle, may be operated
simultaneously to print their letters one di-
rectly above the other on a paper tape 700
The terms language alphabet semi-circle and
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code alphabet semi-circle are not mutually
exclusive. It will be shown that (as in the
shift from coding to decoding operation)
either may print either code or language
characters. The type bars are of bell-crank-
lever shape, and each has a hole formed in
its outer end to receive one hooked end of
one of a plurality of stiff vertical actnating
wires 486. When any wire 486 is pushed up,
the type bar attached thereto is actuated.

Electromagnets are provided for pushing
the type-lever actuating wires 486 up, and
weight is utilized to return their type levers
to 1moperative position. The annular cast-
ing 474 has a ring of holes in its top surface
to receive a plurality of cylindrical arma-
tures 488, one for each type-bar-actuating
wire 486. Kach armature has a transverse
hole at its top to receive the lower hook end
of the wire 486, and has its lower end pro-
jecting considerably below the annular cast-
ing 474 and provided with a heavy brass col-
lar 490. The weight of the bar and its col-
lar combined, ave sufficient to normally hold
the type bars up it inoperative position. A
pair of semicircular felt-lined buffer bars
492 limit upward movement of the type bars,
and are rigidly supported by vertical posts
494 rising from and bolted to the top sur-
face of the casting 474.

Electro-magnet coils are provided for im-
pelling the type levers. Each armature 488 is
loosely surrounded by a magnet coil 496 for
the language alphabet, or 497 for the code al-
phabet, retained within the hollow casting
474 by a body of solidified sealing wax 498.
(See Fig. 11.) When any coil is energized
the armature is pulled up suddenly, causing
the corresponding type bar to be actuated.
The inertia of the narts provides the light
hammer-like blow desirable for clear print-
ing. The major portion of each armature 488
is iron or soft steel, but coupled to the top
of the iron portion is a brass or other non-
magnet portion 488, which extends down
about as far as the middle of its coil 496 or
497 when the keys are in inoperative posi-
tion. The purpose of this is to increase the
magnet efficiency, since the pull on an iron
core is greater when the core is half-way out
of the coil than when it extends the full
length thereof.

The wiring connections between the two
(language and code) sets of type actuating
magnets and the push button switches con-
trolling them will be described separately in
order before the detailed description of type-
printer auxiliaries is gone into.

The magnet coil terminals are all carried
by two somewhat similar centrally apertured
insulating plates 499 and 500 (Fig. 11) posi-
tioned horizontally one above the other, and
bolted to an inwardly extending bottom
flange 502 of the casting 474. Integral spacer
lugs 504 on the plate 500 hold the two plates

separated. One terminal of each language-
alphabet coil 496 is connected to a single
metal contact plate 506 in the upper plate
499 by short leads 507, (Figs. 10 and 11), and
the other terminal thereof is connected by
short leads 509 to a semicircle of contacts 508
in the lower plate 500. The terminals 508
(of the language alphabet coils only), are
connected each by a separate wire 510 through
a wire 511, Fig. 10, directly to one terminal
452 of the push button switch. The con-
tact ring 506, common to the other lead of the
coils, 18 connected by a wire 512 (through
power magnets 548, normally closed switch
556 and fuse block 558, not affecting the
present consideration,) directly to one lead
514 of a standard electric light plug 515 or
other source of current for the entire ma-
chine. The other lead 516, of the source of
current is connected (through the fuse block
558, switeh 556, and circuit breaker 294’—
296’ not affecting the present consideration,)
directly to the other terminal 450 of the
push-button switch, thus completing the cir-
cuit through the language alphabet type-
actuating coils.

The character on every type bar of the lan-
guage semi-circle 482 corresponds identically
to the character labeled on the key 438 elec-
{rically connected therewith; so that when-
ever a key 438 is depressed, its corresponding
type in the language alphabet semicircle 482
will print just as in a non-cryptographic
electric typewriter. The electrical conmec-
tions for operating the code alphabet semi-
circle 483 of type bars to simultaneously print
the code characters, will next be described.

One terminal of each code alphabet coil 497
(Figs. 10 and 11) is connected by a short
lead 517 to the common contact ring 506;
which, as aforedescribed, 1is connected
(through the source of current) to one termi-
nal 450" of the push button switches. The
leads 519 from the other terminal of each
coil 497 do not lead directly to the other
terminal of a definite and particular switch,
but are connected to their switches through
a series of commutators next to be described.
The leads 519 are connected to a semi-circle
of separate contacts 521 in the plate 500.

Kach contact 521 is connected by a short
wire directly to the inner ring of reversing
commutator brushes 166 now to be described.

Axially beneath the annular coil-housing
casting 474, is an opening in the base frame
400 which is identical in all respects both
structurally and fanctionally to the cireular
opening in the hase frame of the portable
multi-coder aforedescribed. The opening is

similarly closed by a commutator-brush-re- ‘

taining plate 158 superposed above a rotat-
able reversing commutator 28’. These parts
are all identical to the corresponding parts
of the portable multi-coder and therefore

will be referred to by the same reference -
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characters heretofore used in defining said
parts, and will not be described again.

_ A feature of the reversing commutator not
previously described in detail has been clear-
ly illustrated in Fig. 13 and will now be de-
scribed as appllcab]e to both multi-code ma-
chines. The rim 160, upon which the com-
mutator-brush-retaining plate 158 seats, is
divided off into twenty-six equal spaces each
designated by one language character A, B,
C ... Y ete. and corresponding to one set
of commutator contacts. The plate 158
above it, has a radially pointed notch 523
through which the characters are visible one
at a time as the commutator is rotated to
change its initial or “key” position. The key
position can be altered by sight and with-
out the necessity for guness-work and trial,
by this means. In Fig. 13 positions of the
(commutator-brush-retaining) plate 158 have
been broken away to disclose the rim 160 and
commutator 28’ therebeneath.

A cylindrical guard 525 (Fig. 11) encom-
passes most of the space between the revers-
ing-commutator brush-retaining plate and
the lower contact plate 500, to protect the
wires between them from the ring of moving
magnet armatures. An annular flange at the
hottom of the guard is bolted ao'alnst spacer
lugs 527 and to the periphery of the brush-
retaining plate 158.

Reverting to the electrical connection of
the code-alphabet magnets 497 through the
reversing commutator (Fig. 10): it will be
recalled that one lead from each code magnet
497 has been traced to the contact ring 506
which connects it through the source of cur-
rent to one contact hus bar 450" of each push-
button switch 450—452 operated by the keys
438; and that the other contacts 452 of each
switch are connected by a wire 511 to the
outer ring of reversing commutator-brushes
156. It has also been recited that the inner
ring of reversing commutator-brnshes 166 is
connected by wires 519 to the other lead from
each code-alphabet magnet 497. In order to
complete a circnit through the coils 497 when
a key 438 is depressed, it is necessary merely
to olectl ically connect 'the brushes 166 of the
inner ring to the brushes 156 of the outer
ring by means of the reversing commutator
O8’ but just as in the aforedescribed five-
wheel- indicating code machine, the commuta-
tor cirenits have code-changing commutator
wheels 82 interposed in them. The electrical
details in both cases are identical. Wires 40’
and 407 lead effectively from contacts 176
and 178" of the reversing commutator to op-
posite sides of the code wheel unit which
continually changes the circuits. (Fig. 10
actually represents wires 40’ connected to con-
tacts 176" and 178 instead of to contacts 176
and 178”; but since the contacts are cross-
Lonnected by wires 36/, the effect isidentical.)

In operation, each time a key 438 is de-
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pressed, the current flowing through its tortu-
ous circuit including the several commutators,
energizes one of the coils 497 which causes a
type bar from the code alphabet semicircle
to print upon the paper tape 700. This ac-
tion occurs simultaneously with the aforede-
scribed action of the type bar from the
language alphabet semicircle, so that the code
and language characters are printed adjacent
to each other on the tape, and may be com-
pared, as shown at the left of Fig. 22. To
change from coding to decoding operatlon it
is merely necessary to shift the reversing lever
186 as in the indieatiny code machine and to
reset to the initial “key conditions”.

It will he noted that the circuits which
operate the type levers 482, of the language
alphabet semicircle, are relatively short and
direct with few lmpermfment cont‘l(*ts as
compared to the tortuous circuits which oper-
ate the type levers 483 of the code alphabet
semicircle. The electrical resistances of the
circuits are therefore dissimilar, and since it
is desired to operate them all from a single
current source, means are provided to bal-
ance the system so that the type levers 483
will be impelled by the same amount of force
astype levers 482. To this end, the stiff wires
486 attaching the type levers 482 of the
language semi-circle to their armatures 488
are made slightly shorter than those con-
necting the type levers 483 to the code semi-
circle; with the result that the former arma-
tures are raised slightly above their central
position of maximum efliciency in their coils
496, and are therefore moved without exces-
sive force by the higher voltage of their low
resistance cireuits.

It will be recalled that in coding a language
message, the spacer bar 459 was permitted to
actuate the key 438z. In decoding then, a
“Z” would print between each word of the
decoded message. To obviate any possible
confusion from this source, means have been
provided for locking the type lever 482z of
the code alphabet semicircle when dec oding,
to space the decoded words exactly as they
were spaced in the original message. A lever
529 (Figs. 11 and 21) is pivoted by a bolting
pin 531 to the rear wall 540 of a box 534 rising
from the base frame 400, and has its top
broadened hook-end extending over the collar
490z of the armature 488z which actuates the
type bar 482z of the code alphabet semi-
circle. (It should be noted, to avoid mis-
understanding, that when decodlng, the
“language alphabet semicircle” copies, not the
language message, but the code message, just
as it is struck on the keys of the machine by
an operator wishing to interpret the code mes-
sage; and that the “code alphabet semicircle”
then simultaneously prints the language mes-
sage.) The lever 529 holds the armature 488z
and causes a space to be left when the code
(in this case “decode”) equivalent of language
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letter “Z” is struck. The collar 490z is ad-
justable longitudinally of the armature, and
by means of a set screw 533, it may be clamped
in raised position to incapacitate the “Z” type
bar when coding as well as decording, or
may be lowered to totally inoperative posi-
tion. (See Fig. 21.)

The lever 529 is connected operatively with
the reversing lever 186, <o that the shift from
code to decode position of the reversing lever
causes the type bar 482z to be incapacitated.
The linkage is diagrammmed in Fig. 21; the
lever 186 being distorted slightly therein to
clarify the showing. Pivoted to the revers-
ing lever 186 by a bholt 535, is a long rod
537 extending transversely of the machine
and pivotally attached by a bolt 539 to the de-
pending arm of lever 529, which is of bell-
crank shape. When the reversing lever is
moved to the left into “decode” position, it
causes the lever 529 to abut against the collar
490z on armature 488z.

It is anticipated that other characters than
“Z” might be used as the spacer, and provi-
sion has been made for screwing the hook 465
to different parts of the spacer bar 459 to en-
gage a key other than key 438z. Two split
collars 561, one of which is shown in Fig. 21,
are furnished with each machine, and if de-
sired one may be clamped about the base of
any armature 488 of either the code or lan-
guage semi-circle, to incapacitate the type har
connected thereto. The split collar 561 abuts
against the bottom of the coil when energy is
applied to the coil, and therefore the arma-
ture is held against movement. When the
split collar is used on the language type bar
482z for example, the language message reads
normally with a blank space wherever a “Z”
would otherwise occur. The nature of the
message will invariably indicate when the in-
frequently used letter “Z” should be actually
read into the message.

The code wheel unit is supported, as before,
by side walls 102" modified but very slightly
from the side walls 102, and bolted to the base
frame 400 just behind the keyboard housing
430. The code wheel unit, inclusive of the en-
tire dog action for advancing the code wheel
commutators, is exactly the same as in the
five-wheel indicating code machines, but the
Iinkage and mechanism for rocking the code
wheel unit is modified to replace manual
operation by power operation. A Iug 518
(Figs. 12 and 14), is attached acentrically to
each end plate 220 of the code wheel unit by
the bolts 224 which assemble the unit, said
bolts engaging laterally directed hase exten-
sions 519 of the lugs. The lugs 518 extend
outward to the sides of the machine, and each
has a connecting rod 520 pivoted at one end
to the outer end thereof by a bolt 522. The
other ends of the connecting rods 520 are
pivoted to the upper extremities of substan-
tially T-shaped rock levers 524 by bolts 526.

1,861,857

The rock levers in turn, are pivoted to the
forward outwardly flanged extensions 528 of
each side wall 102" by pivot bolts 530. The
long arm of each T-shaped lever 524 extends
horizontally back along either side of the ma-
chine and has a counterweight 532 belted to
its end to urge the code wheel unit to normal
position. The axes of the bolts 526 and 530
are relatively close together to provide a con-
siderable leverage for the counterweights.
Rubber-topped bumpers 532” are screwed into
the base frame heneath each counterweight.

Means are provided for rocking the code
wheel unit against the action of the counter-
weights. A metal box 534 bolted to the bot-
tom of the base frame 400, beneath the code
wheel unit, has eight holes formed horizon-
tally through its two spaced parallel front
walls 536 and 538, and eight holes aligned
therewith in its rear wall 540, to slidably re-
ceive magnet armatures 542. (Figs. 11 and
13.) Each magnet armature is slotted longi-
tudinally at its front end to receive pusher
bars 544 pinned thereto, and all extending
forward to a single transverse pusher rod
546. Each pusher bar has a hole formed
transversely in its front end to rotatably re-
ceive the rod 546. The ends of the rod 546
are bolted to the lower extremities of the T-
shaped rocking levers 524, so that when the
armatures 542 are pulled back, the code wheel
unit is rocked against the action of the coun-
terweights. Magnet coils 548 loosely sur-
round each armature, and are retained be-
tween the walls 538 and 540 within the box
534 by a bed of sealing wax 550 (Fig. 11).
Bumpers 551 (Figs. 18 and 14) similar to the
bumpers 5327, are screwed into the front wall
536 one at each side of the box 534 and be-
hind the depending leg of the T-shaped rock-
ing levers 524 to stop their upward move-
ment.

‘Wires connect the coils 548 in series, and
the series of coils is connected in series with
the type-actuating magnets (see Fig. 10) ; =0
that when any type is actuated, the power
magnets 548 are also operated to advance the
code wheels, The wire 512 from the con-
tact ring 506 common to all the type-actuat-
ing coils, connects to one terminal of the
series of magnets 548; and a wire 554 leads
from the other terminal thereof, through the
switch 556 and fuse 558 to the lead 514 of
the source of current.

In operation, when any key 438 is de-
pf’é’s‘s"éﬂ],9 the language type lever 482 corre-

sponding thereto is actuated, a type- lever |

483 selected by the coding feature of the ma-

chine is simultaneously actuated, and at the :

same time the code wheel unit is rocked for-
ward so that upon its release the counter-
weights will advance one or more code wheels
to alter the code sequence. Attention is di-
rected o the ¢otfipaet flat set-up secured by
the use of a plurality of power magnets 548.
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The switch 556 is placed in series with the
source of current to render the entire machine
inoperative when not in use. The fuses 558,
in series with the switch, are an added pro-
tective feature. Me

abutting relation with the hook-ended con-
tact-separating bar 586. When any key 438
is depressed, the bell-crank lever 596 is
rocked, causing the finger 608 to move bar
586 against the action of its spring 588, and

Malo.gaus.m.rb&m
ter switch 294—29§ of theafaredescribed ma- thus all()wmﬂ the brealer contacts 560—562
chine#tid “distinct from the push button; to contact sho-htlv after the push button con-

switches 450—452, are provided for makingj tacts 450—452
and breaking the entire series circuit at eachv

operation of the machine. Connected in se

ries with the lead 516 of the source of current
is a switch 560562 (Fig. 15), the platinumn
contact 560 of which is connected to the wire
516, and the contact 562 of which is con-
nected by a wire 563 to the push button bus-
bar 450”. The contacts 560 and 562 are each
carried in separate cap nuts 564 retained in
vertical brackets 566 and 568 by terminal
screws 570 passing loosely through holes in
the brackets and separated therefrom by in-
sulating washers 572. The screw heads and
cap nuts are also separated from the brackets
by insulating washers. The bracket 566, car-
rving contact 560 is secured by a bolt 576 to
the frontal side of a bracket 578 bolted to the
side wall 432 of the keyboard housing (Fig.
16). The bracket 578 has a horizontal shelf
580 and a parallel roof 582 integral there-
with. The bracket 568, (Fig. 15), carrying
contact 562, is L-shaped : and has its horizontal
arm 584 slidably retained under the roof 582
by a bar 586 independently slidable between
the bottom of the arm 584 and the top of
shelf 580. A hook 587 on the end of bar
586 engages the end of arm 584 to hold the
contact 562 away from contact 560, and a
relatively strong adjustable spring 588 is
connected between the hook ended bar 586
and the side wall 102/, for this purpose. A
stop 590, clamped to a flange of the keyboard

“housing by a bolt 591, limits movement of the
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bracket 568 under influence of spring 588. A

islot 593 in the stop plate permits adjustment
sof its- position.
- weak spring 592 between the bracketst 566

An adjustable relatively

and 568 serves to move the contacts together
when the spring 588 iy rendered ineffective.
In order that the breaker contacts 560—+562
may close after any of the push-button icon-
tacts 450—452 close, means are providéd for
moving the hook ended bar 586 agarhst the
action of its spring 588. A rod. 594 (Figs.
15 and 16) extending across the‘machine un-
derneath and against the keys 438, is bolted
at its ends to the front ends of levers 5986,
and 598. Each lever has a collar 600 at its
rear end, which is pinned to a shaft 602 jour-
naled at its ends in the side walls 432 of the
keyboard housing, The lever 596 on omne
side of the machine is of bell-crank shape
with a vertical arm 604 rising above its ful-
crum shaft 602. Pivoted to the top of the
arm 604, but normally held immovable with
respect thereto, is a trigger 606 having a hori-
zontal finger 608 projecting forward into

The machine does not start
to operate until the breaker- -points 560—562
contact.

Means are provided for separating the
breaker points as soon as the electro-magnets
of the machine have functioned, and without
regard to the position of the opcratmg keys
438. The trigger 606 is notched at its front
upper corner to form the vertical shoulder
610 adapted to abnt against the end of bar
586, and the horizontal ledge 612 adapted to
abut against the bottom of the bar 586. An
adjustable spring 614, connecting a depend-
ing vertical finger 616 of the pivoted trigger,
to the bell-crank on which it is pivoted, urges
the ledge 612 to its limiting posmon up
against the bar 586. When the trigger is
wtdted against the action of its spring 614
the vertical shoulder 610 is drawn below the
level of the abutting bar 586, allowing the
bar to snap back and separate the contacts.
A vertical finger 618 rises from the trigger
into the path of a tripper dog 620 on the
linkage which rocks the code-wheel unit.
The tnpper dog is bolted to connecting rod
520 (Fig. 14) in position to actuate the trig-
ger when the code wheel unit is rocked far-
thest from normal position; i. e. with its
counter weights 532 up. Actuation of the
trigger 606 opens the switch 560—562.

An electric condenser 622 (Fig. 10), of
standard construction, is connected across the
breaker switch 560—562 to reduce arcing
thereof. The condenser is strapped to a
bracket 624 rising from the rear of base frame
at one side thereof. A similar bracket 626
at the other side of the base frame carries
the standard fuse block 558 in which the fuses
are retained.

The paper tape 700 on which the code and
language messages are printed one above the
other, is fed from a roll 700" supported in the
transverse diametral plane of the anuular
type housing 474 (Fig. 17). The housing is
undercut on one side to accommodate the
roll ; this being permitted by the absence of
type electro-magnets in this space between
the two type semicireles. The roll is jour-
naled on a removable pin 702 connecting the
upper extremities of a pair of spaced brack-
ets 704, one on either side of the roll. The
brackets are connected at a point just beyond
the cirenmference of the roll by a second pin
706, and a third pin 708 pivots them at their
lower extremities within a yoke 710 bolted to
a pedestal 712 rising from the base frame
400. When the cover 412 of the machine is
removed the roll-retaining brackets may be
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swung out until the heel portion of the
brackets 704 rests upon the rim of the base
frame. The tape 700 is led up from the roll
and over a horizontal metal guide strip 714
bolted to the top of the type-supporting ring
480, 'The plate 714 guides the tape under
the centers of the two type semicircles.
Means are provided for feeding the tape
and for splitting 1t into its code and language
components. A pair of upstanding ecars 716
on opposite sides of the guide strip 714 are
connected by a pivot pin (18 having a yoked
lever 720 pivoted thereon. The yoked end
722, of lever 720, extends horizontally above
and beyond the guide strip and carries a
stepped feed roller 724 (Figs. 12, 17 and 18),
pinned to a shaft 726 journaled therein. The
bottom of the roller is level with the tape 700,
and the step 728 of changing diameter oc-
curs sharply in line with the center ofthe tape.
A spring 730 (Fig. 17), connects the outer
end of lever 720, through an opening pro-
vided therefor in the top surface of sub-frame
474, to a radial bracket 732 bolted to the lower
rim of the sub-frame. The spring urges roll-
er 724 upon the paper tape and against a
complementary stepped shearing feed roller
734." The roller 734 is pinned to a long drive
shaft 736 which is journaled at one end in a
pair of ears 738 depending from each side of
the gnide strip 714 beyond the end thereof.
The other end of drive shaft 736 is journaled
in a vertical bracket 740 bolted to the top
of side wall 102’ of the machine. Fnmeshed
gears 742 and 744 are pinned to the ends of
the roller shafts 726 and 736. A hand wheel
746 on the end of the drive shaft 736 pro-
vides for manual advance of the tape. The
rollers not only advance the tape, but due to
their stepped contour, they split it to assure
separation of the language record from the
code message; both of which are printed, in
adjacency for checking, on the same tape.
Means are provided for rotating the drive
shaft 736 step-by-step to advance the tape one
letter at a time. A ratchet wheel 748 (Figs.
18, 19 and 20) is bolted to a disk 750 having
a collar 752 pinned to the drive shaft 736
near its forward end. A rocking lever 754 is
journaled on eollar 752 and pivofally carries
a ratchet dog 756 urged into operative rela-
tion to the ratchet wheel 748 by a spring 758.
The rocking lever is actuated by a vertical
arm 760 bolted to a peripheral lug 762 on the
side of one end plate 220 of the code wheel
unit, so that normally, each time the code
wheel unit rocks, the ratchet wheel 748 is
advanced one tooth. The ends of the vertical
arm 760 are a loose fit on the bolting ping
which p'vet it. Since its movement is slight,
the loose pins allow sufficient play to com-
pensate for its slight arcuate deviation from
straight line motion. An idler dog 766 piv-
oted to the bearing bracket 740 and urged to-

ward the ratchet by a spring 768, insures
against retrogression of the ratchet wheel.

“Moans are provided for advancing the tape
two letter spaces at certain times to separate
the code letters into groups. An integral
bracket 770 projects from the bearing bracket
740, and pivotally carries the cam-follower
lever 772 having 1ts end bear'ng on disk 750
and urged tow ard said disk by a spring 77
The rear or top face of the cam-follower lever
is itsolf a cam; being prov1ded with a hump
776 in the way of a pin 778 projecting from
the nose of the ratchet dog 756. Normally the
rt 1tchet dog is dragged bacl over two teeth
of the ratchet wheel 748, but is temporarily
held clear of the ratchet teeth by the hump
776 so that it only bites one tooth on its re-
turn stroke. In order that it may bite the
two teeth on every fifth return stroke, to space
the code into groups of five characters, the
disk 750 is provided with a depression 780
opposite every sixth ratchet tooth. Since the
ratchet is bolted to the disk, it rotates with
it, and when a depression 780 rides under the
cam-follower lever 772, the hump 776 is de-
pressed below the path of pin 778, and the

ratchet advances two spaces.

When a message is being decoded it is de-
sirable to alter the regular Tve-letter spacing
of the message into normal word spacing.
Two means are provided for this purpose.
’l he first consists of the aforedescribed (see

Fig. 21) means for holding the type lever
1892 z inoperative to leave a Dlank space each
time the code of “Z” is decoded. The second
consists of means for incapacitating the five-
letter spacer. Pivoted to the bracket 740 is a
lever 782 having its operatwe end 784 pro-
truding under the arm 786 of cam-follower
lever 772 so that when the lever 782 is rocked
.t will abut against the cam-follower lever
and prevent its recession into the depres-
sions 780. The lever 782 is actuated by a con-
necting rod 787 pivoted at its lower end to a
crank 788 (Fig. 21). The crank 788 is pinned
to a longitudinal shaft 790 journaled in
spaced lugs 792 (Fig. 13) on the s.des of the
power coil housing box 534. The shaft 790 is
connected to the rev ersing lever 186 by the
connecting rod 537, which actuates the “Z”
type clamping lever 529 aforedescribed. The
rod 537 (Fig. 21) 1s extended to the side of the
machine and is pivoted at its end to a de-
pending crank 794 on the shaft 790.

The tape is held tense by a roller 796 (Figs.
17, 12 and 14) at the receiving end of the
wu]de strip 714. The roller is ]ournaled n
a yoked lever T97 similar to lever 720 and
similarly pivoted between upstandlng ears
of the guide strip. Thelever 797 has its yoked
Dortxon extended and connected by adjust-
able springs 798 to horizontal ears 799 of the
guide strip. The springs urge the roller to-
ward the guide strip and upon the paper
tape 700.
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A typewriter ink-ribbon 800 is led over
transversely across the middle of the guide
strip 714 and over the paper tape 700; the
flanges of the guide strip being broken away
at the middle for its passage. The ribbon
800 is carried on two opposed similar reels
802 and 804 (Figs. 11, 12 and i7), within the
annulus of the typewriter frame and slightly
below and on opposite sides of the guide strip
714. The reels are journaled on pins 806
bolted to a vertical plate 803. The plate has
a threaded hole near its bottom (see Fig. 17)
adapted to screw onto the threaded end oi a
supporting tube 810, and is locked by a pin
812 spaced from the tube and extending from
the typewriter frame through a hole 1n the
plate 808. The threaded end of the pin 812
is screwed into a threaded hole provided for
it in the type lever supporting ring 480. The
tube 810 is projected through a radial hole
in the annular sub-frame 474 and is locked
therein by a round nut 809 engaging with a
threaded portion of the pipe. The nut i= re-
tained between the outer vertical face of the
sub-frame 474, and a spaced vertical flange
811 integral therewith. The purpose of this
type of retention is to permit the tube 810 to
be moved slightly in or out to adjust the rib-
bon position; the nut 809 being knurled to
permit this adjustment by hand. When the
center of the ribbon 800 becomes excessively
worn, it may be moved laterally slightly to
present either unused edge portion to the

_type.
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. pinion 818 with either gear.

Means are provided for longitudinally
feeding the ribbon 800. Integral with the
hub of each reel 802 and 804, 1s a gear 814
and 816 respectively. The two gears how-
ever, are spaced at different distances from
the bodies of their reels, so as to be out of
line with each other. The pinion 818 for se-
lectively driving either gear, is pinned to the
end of a shaft 820 journaled in the tube 810
and slidable axially therein to engage the
A locking pin
822 is urged against the shaft by a spring
824, hoth housed in a cup 826 screwed into
a threaded opening in the tube wall. Two
annular V-grooves in the shaft 820, cooper-
ate with the pin 822 to tend to retain the pin-
ion in mesh with either gear. A knurled
handwheel 832 (Figs. 17 and 18) pinned to
the outer end of the shaft permits it to be
moved in or.out, and permits its rotation, by

. hand.

Auntomatic means are provided for rotat-
ing shaft 820 to move the inking ribbon. In-
tegral with the hand-wheel 832, is a ratchet
834. 'The ratchet-operating dog 836 is jour-
naled on a pin 838 bolted to a rocking lever
840, and is urged toward the ratchet by a
spring 842 extending to an arm of the lever
840. 'The lever 840 is pinned to a rock shaft
844 which is journaled in a bearing 846 de-
pending from and bolted to the outside of the
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casting 474 by an integral plate 848. The
rock shaft is driven through a crank 850
pinned to its inner end and pivoted to a con-
necting rod 852 bolted acentrically to the end
plate 220 of the code wheel unit. Each time
the code wheel unit rocks it advances the
ratchet 834 and moves the inking ribbon, in
one direction or the other depending on
whether the pinion 818 is in mesh with gear
814 or gear 816. Retrogression of the ratch-
et 834 1s prevented by an auxiliary dog 854
pivoted to the plate 848 and urged toward
the ratechet by a spring 856 between it and the
plate.
General

In attempting to decipher a code message
the cryptographic expert is equipped with
tables of letter frequencies so that, in viewing
a message he may expect 11.4% of “E”s,
T7% of “A”, 5.1% of “D”s, 0.3% of “Z"s,
ete., and if the message is in code and is long
enough to reasonably meet these probable
percentages, he will be able to set up certain
“Equations of probability” toward decipher-
ing the code. If the code is arranged in
normal word length he can set up other equa-
tions of probability involving the one letter
words “A”, “I” and “O”, the percentages of
two-letter words which are “is”, “to”, “it”,
ete., the percentages of three-letter words, of
four-letter words, and so on. Other possible
equations of probability are also open to the
expert, and, by combining them all, and by a
process of trial and error he is enabled to de-
cipher the code. These experts have become
so skilled, that up to the time of the produc-
tion of the Hebern coding machine, no code
was considered invulnerable. Even where
the code was continually changed after each
letter had been coded, and throughout an en-
tire alphabet, the experts were able to set up
tables and equations of “secondaries” which
could be relied upon to recur every twenty-
six or other ascertainable number of times.
The Hebern multiple commutator machines
break up these secondaries into “tertiaries”,
the tertiaries again into a fourth power, and
so on; until the code becomes too complex to
be deciphered by any means known to crypto-
graphic experts. By spacing the letters into
blocks of five, and by using a changing code
sequence to designate the spaces between
words, this other clew to deciphering mes-
sages by word lengths is definitely closed to
the cryptographic expert, and the machine be-
comes a safe vehicle for such secrecy as may
be essential to the conduct of business, legal
or governmental affairs of a confidential
nature.

System of coding

From the standpoint of undecipherability,
the ideal method of coding messages would
be to select each code character or symbol at
random and according to no system whatso-
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ever, but such a code message would be un-
decodable as well as undecipherable, and so
would be useless. The code must follow some
system. It hasbeen well known that it a cod-
ing system could be sufficiently complicated,
the code produced thereby would effectively
be undecipherable, but in the past such codes
have not been evolved because they were,
from a standpoint of practicability, undecod-
able. Cryptographic experts have in the past
made good the boast that any message which
could be decoded, could also be deciphered.
The Hebern system will be seen to incor-
porate practically unlimited complexity to
make the code undecipherable and in such
a way as to not affect decodability. The
very essence of cryptography is modifica-
tion of existing cipher, and for this reason
it is desired that modifications and slight
permutations from the system herein taught
be regarded as within the purview of my in-
vention if they can be referred to as follow-
ing the general outline of the Hebern sys-
tem herein set forth in one of its specific
forms; it being evident of course, that cer-
tain steps and features of the system of my
invention might be eliminated without doing
violence to all the objects of my invention.

The system of my invention will be de-
scribed in steps each explained with refer-
ence either to some known system of coding,
or with reference to the coding machines
aforedescribed.

My system of coding is based upon relat-
ing language characters of a language alpha-
bet to code symbols of a code alphabet so
that at a given time a definite relation ex-
ists between the alphabets. Iach language
character is represented or designated by
some code symbol and vice versa, so that mes-
sages spelled out in language or in code may
be transcribed respectively into code or lan-
guage equivalent by attending to these desig-
nations. Thus we might write our language
and code alphabets one above the other as
follows:

abecdefghijklmn P r tuyw z
WA SR K NS [ OB
B t s a7

RV et "I 2T vicauerx Yphz

and the lines between the two alphabets may
be utilized to designate the characters. They
then constitute designating interconneetions,
and to transform any character into its code
equivalent it is necessary merely to follow the
designating interconnection from this char-
acter to the symbol in the cole alphabet
which it designates. The fact that the code
symbols and language characters are both
letters of the English alphabet need not af-
fect the present discussion. They might as
well be any language characters and any
symbols. This first step in my system may
be summarized as that of designating each
language character by a code symbol so that
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the code alphabet is related in a certain (pri-
mary) relation to the language alphabet. A
system which went no further than this first
step 1s readily decipherable by tables of let-
ter frequencies. (I&. g. in ordinary uncoded
messages we should expect to find 11.4% of
“Es, T.7% of “A”s, 5.1% of “D’s, 0.3% of
“Z”s, ete., and therefore the code character
which recurs most frequently we should ex-
pect to represent “K”, that which occurs
about eight times per hundred letters, would
most probably represent “A”, and so on.)

A valuable provision of the improved sys-
tem of my invention is that these designating
interconnections are not limited in incidence
but may be selected to connect any pairs of
characters at random. This constitutes an
improvement over the system followed by the
earlier code machine of my invention, (de-
scribed in Patent 1,510,441) in which the
characters were connected invertly in pairs.
Connection of the characters at random in-
volves more than merely avoiding a recipro-
cal or complementary relation between the
characters of the two alphabets. In this
random arrangement there is no special se-
quential relation between the code and lan-
guage alphabets. In other words a random
sequence exists between the alphabets. This
is a decided improvement over the Vigenere
cryptographic table, in which the code and
language alphabets have the same fixed se-
guence and merely are bodily displaced rela-
tive to one another. The importance of this
feature will be appreciated more fully in
view of the second step of the improved sys-
tem of my invention.

The second step of my system is to con-
tinually change the relation between the two
alphabets so as to change the character des-
ignations. The relation is changed accord-
ing to a definite plan, and this plan involves
moving, not merely one alphabet relative to
the other, but simultaneously moving the
designating interconnections relative to both
alphabets. This changes the sequence be-
tween the alphabets. It will be observed that
the plan of code-change, while dependent
upon the character of movement of the desig-
nating interconnections, is also dependent
upon their arrangement, so that the plan
may be changed by altering the effective in-
cidence of the interconnections or by alter-
ing the character of their movement. The
random sequence existing between the alpha-
bets makes my system as so-far described,
invulnerable to the method of deciphering
which is most effective against the Vigenere
code; viz. of blocking the code into columns
twenty-six letters wide and applying the
tables of letter frequencies on diagonal lines
through the column.

The features of the Hebern system so-far
enumerated, are accomplished by the normal

operation of the midget coder or elemental ‘-
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machine, aforedescribed. The electric cir-
cuits cause the language and code characters
to designate one another. The sequence of
designation (primary sequence) 1s deter-
mined by the positioning of the character-
bearing lenses 10. The designations are
changed, according to a definite (primary)
plan (or secondary sequence), by rotating the
commutator through a step after each letter
is coded. The secondary sequence is con-
trolled by the random wiring of the commu-
tator, (see wires 40) and is therefore a ran-
dom sequence. Each new commutator posi-
tion presents an interconnecting commutator
wire having an entirely different incidence
bearing no relation to that of the wire pre-
viously presented, to each pair of designating
and designated characters. In the normal
operation of the midget coder there are
twenty-six possible different primary rela-
tions between alphabets attainable by rotat-
ing the reversing commutator, and involving
no change whatever in the key conditions
such as commutator wiring.

As a further feature of the Hebern sys-
tem, and in order that the number of code
changes not be limited to twenty-six; the
group of designating interconnections are, in
cffect split down the middle to subdivide each
interconnection into two links. These links
are relatively movable so that each half-
group of designating interconnections may
he moved separately instead of only bodily
moving the entire group of interconnections.
Thus, for each position of one half the group
of connections there are twenty-six possible
positions of the other half, making a total of
twenty-six squared, or six hundred twenty-
six possible different code changes. There
are a number of different ways in which these
two half-groups of interconnections might he
moved, relative to one another and to the
characters they interconnect; but, if decod-
ing is to be accomplished, the movement must
follow some definite plan. The Hebern sys-
tem uses a plan adapted to exhaust, or at
least to substantially exhaust, the potential
six hundred seventy-six changes without rep-
etition. This may be accomplished by mov-
ing either one of the half-groups of connec-
tions (or both together) through approxi-
mately twenty-six spaces relative respective-
ly toone (or both) of the alphabets; and then
advancing the other half-group one space
relative to one of the alphabets, (or relative
to the other half-group). The same resnlt
might be accomplished 1n other more compli-
cated fashion, as for example, by moving
Doth halves together twenty-six times, then
one alone twenty-five times, and then both to-
gether again. The essential prescription is
that the possible relative positions be sub-
stantially exhausted, substantially without
repetitions or recurrences such as would take
place where the relative movements are not

7\_—
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planned to avoid such recurrences. In short,
the half-groups are moved in progressive
non-recurrent succession. One half-group is
moved continually (after each letter has been
coded) and the other half-group is advanced
one step after each twenty-six steps of the
first half, until the six hundred and seventy-
six possible combinations have been exhaust-
ed. Thus, if tables of letter frequencies were
to be used in deciphering code produced by
this system, they could be applied only to
every six hundred and seventy-sixth letter
thereof, and a tremendous volume of messages
would need to be acquired by the unauthor-
ized persons, to make these tables at all appli-
cable.

Actually, my system is not rigidly limited
to the use of every last possible combination.
Thus the use of only twenty-five or even
twenty or less combinations out of every
twenty-six possible combinations might be
tolerated so long as it does not vitiate the pur-
poses of the present invention. The impor-
tant qualification of my system is that it pro-
vides a code complexity measured not by the
sum, or even the multiple of the code-compli-
cating groups provided : but increases as the
exponential power of the number of such
aroups or code wheels. While calling for o
system which does not necessarily exploit
every last potential positional combination,
it is essential to emphasize that any plan (or
lack of plan) which permits recurrences of
code every fractional portion of the poten-
tial maximum is foreign to the spirit of my
invention. This will be more clearly appre-
ciated when it is understood, that in final
form my invention contemplates a system in
which the (said) group of interconnections
is sphit, not in halves, but into three, four,
five, or more parts, each of which is capable
of movement, and each of which is moved
at progressively longer intervals in “non-
recurrent” fashion. Whereas the intercon-
nections were capable of twenty-six squared
(26%) potentially different changes, when
split in half; they are capable of twenty-
six cubed (26°) changes when divided into
three parts: and so on to a number of changes
equal to the nmnber of letters in the alphabet
raised to the power of the number of parts
into which the connections have been split.
But in order to realize the advantages of such
subdivision it is essential that frequent re-
currences and repetitions be avoided. My
plan makes possible a limitless number of
changes, although I have found that in prac-
tice it is never necessary to use more than
five subdivisions, giving 26° potential
changes.

Recurrences of code sequence in and of
themselves are not essentially a weakness,
providing that the recurrences have no par-
ticular or discoverable sequence in the crypto-
gram. Recurrences are possible with the
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Hebern system unless the interconnections

are especially calculated to avoid them; but
since these interconnections are purely ran-
dom ones, they set up no particular sequence
of recurrences. In fact if the Hebern sys-
tem were carried far eunough there would
unavoidably be recurrences since there are
only about 4.07X10%® possible different se-
quences and displacements of twenty-six let-
ters. (This may be calculated by the equa-
tion @,=w, ;X (n—1) ; where @, 1s the num-
ber of different arrangements, for an alphabet
of n letters; and where, when n=1, &=1.)
Even if these 4.07X10% changes were ex-
hausted there still would be no law of their
recurrence in the Hebern system, and there-
fore no key to deciphering the code could be
applied.

The mechanistic features of the Hebern
system have been explained on the basis of
split groups of designating interconnections.
This expedient of splitting groups of inter-
connections is a valuable feature of the
Hebern system, but, in broadest terms the
system transcends any such expedient, and
constitutes a plan of selection of symbols for
coding messages. The plan is: to*relate a
code alphabet in some sequential relation to
a language alphabet, and to change this rela-
tion and sequence, (preferably after each
letter has been coded) according to a definite
(primary) plan, or secondary sequence, which
in turn 1s changed (preferably after twenty-
six letters have been coded), according to a
definite (secondary) plan, or tertiary se-
quence, and so on to a hierarchy of plans or
sequences, each of which comes into action
when, and not until, the one below it is near-
ly exhausted.

This system is exemplified by the portable
multi-coders of my invention, where each
language character on the operating push-
button keyboard would, at any instant, be
designated by some code character on the

' indicating light board; it being necessary

merely to depress the operating lever 262,
and then to press each push button succes-
sively without releasing the lever 262, to dis-
cover the relative sequence between the code
and language alphabets at that time. This
relative sequence is altered, each time code
wheel 82, (which has been arbitrarily assumed
as the constantly-rotating wheel) is advanced,
according to the (secondary) sequence de-
termined by the wiring of this code-wheel
commutator 82,. But after code wheel 82,
has advanced twenty-six spaces, the (second-
ary) sequence determined by it, is changed,
by the advancement of code wheel 82,, ac-
cording to the (tertiary) sequence deter-
mined by the wiring of this code wheel 82,;
and so on to a fourth, fifth, and sixth se-
quence, each of which is determined by the
wiring of one of the (differently wired) code
wheel commutators. And it will be noted

1,861,857
.

that the sequences are changed in progres-
sive succession lacking any fixed order of
recurrence, as the code wheels are moved in
progressive non-recurrent succession, so that
each higher sequence affects the sequence
subordinate to it when, and not until the sub-
ordinate sequence is nearly exhausted. Each
of these sequences or plans of change of code
is determined both by the wiring and move-
ment of the code wheels, and since each code
wheel is differently wired and is moved at a
different periodicity or speed, each of these
sequences or plans is different. The relative
speeds determine the order of sequence or
plan as between subordinate and higher ar-
rangement in the hierarchy of plans, while
the wiring of the code wheels determines the
particular random plan for any given order
of speed arrangement. In order to inter-
change these sequences or plans as between
higher and subordinate nature it is necessary
merely to interchange the dogging pins 286
to cause any one of the five code wheels to be
the constantly rotated one, and to cause the
other wheels to rotate respectively after each
twenty - sixth, six-hundred seventy - sixth,
seventeen thousand five hundred seventy-
sixth, ete., letter has been coded. Or by add-
ing or removing dogging pins, less than all
the sequences may be employed, or the
coding system may be changed. The effect
upon the system, of shifting any of the com-
mutator wires to different terminals, is to
replace the random sequence determined by
the commnutator affected, to some other ran-
dom sequence of the same order. Thus, for
example, altering the wiring of code wheel
82, without affecting its character of ad-
vancement from the case discussed above,
would alter the secondary sequence deter-
mined thereby to a different secondary se-
quence; and since the primary sequence is
subordinate to the secondary sequence, it
too, obviously, would be altered.

The effect of transposing the code wheels
by inverting any of them or by interchang-
ing them in position, is to alter the relation
Letween the movable links and the fixed links
of the designating interconnections, and
thereby in cifect, to change the basic plan of
code-change to another basic plan of the
same order.

The effect of setting the code wheels by
hand to different starting positions is to alter
their phase relation independently of the
driving mechanism, and thereby to alter the
starting point of the cyele of the 11,881,376
code changes.

The auto-multi-coder automatically fol-
lows this system exemplified by the portable
multi-coder, with the following feature of
refinement:

In addition to designating the language
characters by code symbols, the auto-multi-
coder provides for designating the spaces be-
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tween words, by code symbols subject to the
same code-complicating features as the other
symbols. In fact, for simplicity, one of the
language characters is arbitrarily nsed to des-
ignate word-spaces, and it, in turn, is des-
ignated by code symbols. Thus the grouping
of the symbols in a message coded to my im-
proved system, canuot form a clue to deciph-

. ering the code.

10

15

20

e
S

In the Hebern system, the rules of change
of code are purely mechanical ones bearing
no relation whatever to the particular lan-
guage letters or the order in which they may
be arranged in a message. Decoding may be
readily accomplished according to these me-
chanical rules, whereas known systems of de-
ciphering cannot be applied to non-recur-
rent code solely according to such complicat-
ing mechanical rules without regard to the
(grobable) original letters and their (prob-
able) arrangement in the message which the
cryptographic expert attempts to reconstruct
from the given jumble of code symbols. Thus
T have accomplished by object of providing
a eryptographic system for constructing un-
decipherable code messages which may read-
ity be decoded.

While the most stress has been laid upon

. tables of letter frequencies in this explana-

20

tion, it is recognized that this is but one of

the devices open to cryptographic experts
in deciphering codes. The device is fairly
representative however, and suffices to exem-

. plity the manner in which sufficient com-

2% pHeation of a code can make the nsual meth-

ods of attack ineffective. By utilizing a hier-
archy of sequences, the Hebern system makes
any known deciphering device too indirect to

_be of any value. And there is no limit to the

N
)

'\
3
H

- amount of complication, obtainable by car-

rying the hierarchy of sequences into higher
and higher powers.

T claim:

1. In a cryptographic machine comprising
a plurality of language and code symbols,
and like designating-interconnections be-
tween said symbols; said interconnections he-
ing all similarly divided up to provide a se-

. ries of relatively movable portions with cor-

c

60

responding said portions arranged in groups,
a movable support for each of said groups,
driving means adapted to move each support,
and selgctive means for prgventing normal
movement, of 1655 than all of said supports
whereby the number of driven supports may
be varied at will.

2. In a cryptographic machine comprising
a plurality of language and code symbols,
and like designating-interconnections be-
tween said symbols; said interconnections be-
ing all similarly divided up to provide a se-
ries of relatively movable portions with cor-
responding said portions arranged in groups,

~ a movable support for each of said groups,

driving means adapted to move each sup-
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port, and selective meany for préventing not- -
) ] el'éby{f

mal movement of any said suppott
the number and selection of driven supports

may be va }a,t will. ,}
3. In a d»Ptographic machine comprisin

a plurality of language and code symbols, 8n
like designating-interconnections  between
sald symbols ; said interconnections being all
similarly divided up to provide a series of
relatively movable portions with correspond-
ing said portions arranged in groups, a mov-
able support for each of caid groups, driv-
ing means adapted to move each support,
and selective means for pr i al
movement of a.n?' one or more supports where-
by any particular support or supports may
be driven, as desired. o
4. In a cryptographic machine comprising
a plurality of language and code symbols;, #nd
like designating-interconnections between
said symbols;: said interconnections being all
similarly divided up to provide a series of
relatively movable portions with correspond-
in% said portions arranged in groups, a mov-
able support for each of said groups, driving
means for meving said su
e S

T

ing the relat_iée speed..of any_ong or more

supports. . . v

5. In a crytographic machine comprising
a plurality of language and code symbols,
and like designating-interconnection be-
tween said symbols; said interconnections be-
ing all similarly divided up to provide a se-
ries of relatively movable portions with cor-
regponding said portions arranged in
groups, a movable support for each of said
groups
portsat defintite relative speeds, and selective

Aneans for varying the relative speed of any
{ one or more supports from zero to W
eed.

e

; pa fo1iachine comprising

a plurality of language and code symbols, and
like designating-interconnections between
said symbold; said interconnections being all
gimilarty divided up to provide 4 series of
relatively movable portions with correspond-
ing said portions arranged in groups, & mov-
able support for each of said groups; said
supports being transposable; driving means
adapted to move each support, and selective
means for altering the normal movement of
less than allsald supporfs.
7. In a crytographic machine comprising

a plurality of language and code symbols, and
like designating-interconnections between
said symbols, said interconnections being all
similarly divided up to provide a series of
relatively movable portions with correspond-
ing said portions arranged in groups, & mov-
able support for each of said groups; driv-
ing means for moving said supports at defi-

nite relative speeds; said driving means be:

ing adapted to permit independent move- 17
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ment, of a support to adjust the phase rela-
~ s

\ d_selegtizetnegn
for alterngg the normal fmovement of less

- O
aphic machine-gomprising

a .glurality of language and code symbols,
an

like designating-interconnections be-
tween said symbols; said interconnections
being all similarly divided up to provide

D g geries of relatively movable portions with

corresponding said portions arranged in
groups, a movable support for each of said
groups; driving means for moving said sup-
ports at defini i eeds; said sup-
ports being transposable, and said driving
means being adapted to permit independent
movement of a support to adjust the phase
relation between supports; and selective
means for altering the normal movement of
léss than all said Supports.
“'ﬁmmﬁﬁc'ﬁlachine, ‘a plurality
of code-changing code wheels, mpans for re-
volving one of said code wheels, cam means
adapted to revolve with said one-code wheel,
means controlled by said cam for revolving a
second code wheel in determined relation to
pnid one code wheel, cam means adapted to
revolve with said second code wheel, means
controlled by said last cam for revolving a
third code wheel in determined relation to
said second code wheel, and so on, for as
many code wheels as may be provided.

10. The structure as in claim 9, in which
the cam means are constituted by cam pro-
files formed on the code wheels.

. 11. The structure as in claim 9, in which

e cam means are constituted by cam pro-

les formed on the code wheels, and in which

e code wheels are transposable.

12. The structure as in claim 9, in which
the cam means are constituted by cam pro-
files formed on the code wheels, and in which
the code wheels are independently movable
whereby their phase relation may be ad-
‘justed.

13. In a cryptographic maching, a plural-
ity of code-changing code wheels means for
revolving one of said code wheels, cam means
adapted to revolve with said one code wheel,
ratchet means for revolving a second code
wheel, means controlled by said: cam for
rendering said ratchet means inoperative at
certain times, cam means adapted to revolve
with said second code wheel, ratchet means
for revolving a third code wheel, and means
eontrolled by said last-included cgm for ren-
dering said last-included ratchet means inop-
erative at certain times, and so-on, for as
many code wheels as may be provided.

14. In a cryptographic maching, a plural-
ity of code-changing code wheels, ratchet
means for revolving each code wheel, cam

means adapte revolve with each cede
wheel, andg€ontrolling mneangjadapted to op-
eratively co ratchet means
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for rendering certain ratchet meahs inqpera-
tive at.certain times. : DA
15. In a cryptographic machine, a plural-
ity of code-changing code wheels, ratchet
means for revolving each code wheel, cam 7°
means adapted to-sexalye with each code
wheel, and :.:
eratively connett 5P aMTand ratchet means
for rendering certain ratchet means inopera-
tive at certain times; said controlling means 73
l@giltl_g_a%ﬂﬂh]e to alter the operative con-
nections between said ratehet and cam means.
16. In a cryptographic machine, a plural-
ity of code-changing code wheels, ratchet
means for revolving each code wheel, cam 89

means adapte e with each code
wheel, and &gutrolling meaiss adapted to op-
eratively connect said cam and ratchet means

for rendering certain ratchet means inopera-
tive at certain times; said controlling means 8%
being adjustable to operatively connect dif-
ferent.cam and ratchet means selec%'vely.
17. In a cryptographic maching™s. plural-
ity of code-changing code wheels, ratchet
means for revolving each code wheel, cam 90

means adap lve,with each code
wheel, and¢Controlling m adapted to op- {“A
95

i

eratively connect said cam and ratchet means
for rendering certain ratchet means inopera-
tive at certain times; said controlling means
being adjustable to operatively connect a
given ratchet means selectively to one or
more cam Ieans.

18. In a cryptographic machine, a plural-
ity of code-changing code wheels, ratchet 100
means for revolving each code wheel, cam
means adapted fo.zexelve

with each code A,
&atrolling mean adapted to op-¢ K4,
105

eratively connect said cam and ratchet means
for rendering certain ratchet means inopera-
tive at certain times; said controlling means
being adjustable to operatively connect a
given cam means selectively to one or more
ratchet means.

19. In a cryptographic machine, a plural-
ity of code-changing code wheels, ratchet
means for revolving each code wheel, cam
means adapted te—+evalve with each code
wheel, and r. adapted to op-
eratively confrertsardeamrand ratchet means
for rendering certain ratchet means inopera-
tive at certain times; said controlling means
being adjustable to operatively connect any
given ratchet means selectively to one or jgq
more cam means. o

20. In a eryptoghaphic machine. a plurel-
ity of code-changing code wheels, ratchet
means for revolving each code wheel, cam
means adapted . with each cod
wheel, andqgntrolling means adapted to op-
eratively connec ~sa1d cam and ratehet means
for rendering certain ratchet means inopera-
tive at certain times; said controlling means
being adjustable to operatively connect any 130

\
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given cam means te onme or more ratchet
A Ina hic machi lural-
21. Ina cryptograp ic machine, s plaral-

. ity of code-changing code wheels, ratchet

+ 8 means for revolving each code wbeel cam
meahs adapted-to.-revolve with efich code
wheel, and controlling mea:
eratwelv (47}
for rendering certain ratche NeAns inopera-,

10 tive at certain times; said edntrolling means®
being adjustable to operatively connect a
given ratchet means selectively to any one or
MOre €Am Means. T——

. 22 In a cryptographic machme. a plural-

® ity of code-changing code wheels, ratchet
means for revolving each code wheel cam
taeans. adagsyb»to pevelye.with each. code
wheel, and¢Controlli

eratively connect Sald ¢

9 for rendering certain ratchdt
tiwe at certain times; said
being adjustable to operativel;
given cam means selectively to any one or
more ratchet' means.

2 . .23. In a cryptographic machine, a plural-
ity of coderchangmg code wheels; ratchet
means for revolving each code wheel, cam
means adapted_to.revolyp.yifhy esch code
wheel, and Qntrolhng mef L;,j: ‘

%0 eratlvelv conne g
for rendermg certain rat et means inopera-

tive at,certain-tisn d #djusting means for
Selectlve:gnf%}?ui:gno said controlhncr
means f ¥ cam means.

3 M Ina cryptographlc meachine; a plural-
ity of code-changing cq¥e Whee]s ratchet
means for" revolv"mg ead

wheel, ® ﬁ. ' adapted to op-

- %0 aratively conneé'{:"sal ca
tive at'cer H
for- selechve v dlsconnect' g said controlhng
means from any

-25. In a cryptographic machine, a plural-
ity of code-changing code W eels having
ratehét teeth and cam p drmed thero—
on, ratchet dogs cooperabing with said
tor aid wheels, cam followers.

ing meaRs opex

748

taip. gatehet dogs at cerain times.
6. In a crvpﬁographlc mrachine, a plural-

lty of invertible code-changing code wheels
o8 having ratchet teeth. anc(i{)‘f@ﬁn les formed
thereon, ratchet dogs with said

teeth to aid wheels, cAnddollowers, and
cenfrolling med opettatively - connecting
» sald di ollowers for incapacitating

8 certain ratchet dogs at eertain times.

.. 27. In s eryptographicmachine, & CpTarality
of interehangedble code-changing code wheels
having ratchet teeth and cam profiles formed
thereon, ratchet dogs cooperating with said
W teoth fo. rotate said wheels, cam followers,

dogs,-end selements- a%ﬁf ~
- said Tinkage to both ratchet and Yollower go% Vi

,‘elementc; bemg shiftable to o

d con;
@Iﬁ&i ah tively eonpecting eryti]
dogs to said followers Tor mcam%ﬁnng_ge_r;_
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27

)
and {ontrolling meaD ‘iiédy connectt-
ing sal foflowers for incapaci:

tating certein ratx:het dbgs at certain’ times.

28. Ina cryptographic machine, a plurality
of code-changing code wheels having ratchet “°
teeth and cam profiles formed thereon; ra.tchet
dogs cooperating with said teeth i
said _wheels, cam followers, ang 2
g operatwelv connecting said dogs to |,

atd” followers ; for - incapacitating certain {5 i ,“f

ratchet dogs at certain times; said controlling {
means being adjustable to selegtwelx shift
eontrol of dlﬁ'erent dogs to or from any fol-
lower.

29. Ina crypwgraphlc machine, a plurality 80
of code-changing code wheels having ratchet
teeth and cam profiles associated therewith,
a plurality of ratchet dogs and cam follower 4
dogs in operable combination with said ratch- 2/’“ }

et teeth and cam profiles, linkage adjacent
said

vwhereby movement of the cam follower dogs—"
contréls the-ratchet. el

30. In a cryptographic machine, a plural- ¥
ity of code-changing code wheels having
ratchet teeth and cam profiles asseciated
therewith, a plurality of ratchet dogs and
cam follower dogs in operable combma,tlon
with said ratehet teeth and cam profites; kuk ;}
age adiacent said dogs, and elements adapte& L f %
to connect said linkage to both ratchet and 7 i
follower dogs whereby movement of the cam
follower dogs dentrols the ratchet dogs, snd«{mo

e I

1 “aeryptegraphic-machine, a plural-
1tv of code- changing code wheels, means for
effecting rotative displacements of all of said
code wheels simultaneously, and 'ratchet
means adapted to hold certain code wheels
immovable at eertain times to cause relative
rotation of the code wheels.

32. In a cryptographic machine, a plural-

306 { é’%

ity of code-changing code wheels, power- 10

driven means for effecting rotative displace- 3

ments of all of said code wheels simultaneous- F A
“ lyv. and ratchet means adapted to hold cer- ;

’ tain code whesls immovable at certain times ns

to cause relative rotation of the code wheels.
33. In a cryptographic machine, a plural-
ity of code-changing code wheels, means.in-
cluding a battery of electro-magnets for ef- A
fecting rotative displacements of all of said ypp |
code wheels mmultaneouﬂy, and - ratchet %
means adapted to hold certain code wheels
immovable at certain times to cause relative
rotation of the code wheels.
34. In a cryptographic machine, a plural- ®5
ity of code-changing code wheels, means in-
cluding a coplanar battery of electro-mag- s
nets for effecting rotative displacements of = ¥+
all of said code wheels simultaneously, and ;
ratcheét means adapted to hold certain code Img

«,m»«fﬁ,ﬂ
Fx

e
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wheels immovable at certain times to cause
relative rotation of the code wheels..
-85. In-a cryptographic machine compris-
mg e plurality of language and code symbols
5 and - like designating interconmections be-
tween ‘said ‘symbols; said interconnections
- being all similarly divided up to provide a
gﬁf *3  series of relatively movable portions with
! corresponding said portions arranged in
\ 10 groups, a common and movable support for

said groups, and power-driven means for
;—-—.movm said support.
=

36. In a cryptographic machine, a plural-

.. _ ity of electric circuits, character-designating

%’& 18 glectro-responsive devices and “controlling
switches therefor operatively connected in

said circuits, a plurality of finger-keys for
actuating said switches, code-changing com-
mutators interposed in at least some of said
20 cirgtiits, an electro-magnetic power unit con-.
‘ d in circuit. with said commutators, and
- e ators, whereby change of
RS ode is automatically ‘accomplished.
~ P 87, As a subcombination, an electric key-
7y - bodrd comprising a plurality of keys, indi-
& vidual switches actuable by said keys, a mas-
Q ter sw1tch actuable by any of said keys, an
0 the witches whereby the master switch and
1+ anindividual switch may be actuated in prop-
er sequence by said keys. ' :
38. A cryptographic devise comprising a
plurahty of language and code ¢haracters, a
5 directly-conditioned and an altérnative in-
nating interconnections between said charac-
ters; said interconnections being each com-
posed of a series of relatively movable por-
tions arranged in groups of one portion from
each interconnection; a support for each of
said groups, and means for moving one of
5 which are coded through one set of intercon-
nections are decodable through the other set;
said one group being movable o shift any
@iven portion to any interconnéction of its
set whereby said Interconnections are sur-
transpomble to different characters.
plurality of language and code characters,
a directly-conditioned and an alternative in-
versely-conditioned set of transitory desig-
B8 nating interconnections between said charac-
ters; said 1nterconnect10ns being each com-
posed of a series of relatively movable por-
each interconnection; a support for each of
said groups, and means for moving one of
said supports to complete eltHerSITarmtIvs
set of interconnections, whereby messages
which are coded through one set of intercon-
nections are decodable through the other set;

‘ means aTuated by said power unit for inov-
means for varying the relation of

versely -conditioned set of transitory desig-
et Thtersonmections, whereby mestages
39. A cryptographic device comprising a
tions arranged in groups of one portion from
said one group being movable to shift any

1,861,857

given portion to any interconnection of its
set, whereby said interconnections are sur-
transposable to different characters; driving
means adapted. to move others of said sup-
ports; and selective means for altering the .
normal movement of less than all said last-
included supports.

40. A eryptographic device comprising a
plurality of language and code characters, a
dlrectly-condltloneff and an alternative in-
versely-conditioned set
nating mterconnectlo

transitory desig-
wepn said charac-

tions arranged i groups of one poi
each interconnection; a support for each of
said groups, and means for moving one of
said supports to complete either alterna

set of interconnections, whereby messages
which are coded through one set of intercon-
nections are decodable through the other set;

said one group being movable to ‘shift any
given portion to.any interconnection of its
set, whereby said interconnections are sur-
transposable to different characters; driving
means adapted to move others of said sup-
ports; said last-included supports being
transposable.

41. A cryptographic device comprising a
pluraht{ of language and code characters,
a directly-conditioned and an alternative in-
versely-conditioned set of transitory desig-
nating interconnections between said charac-
ters; ‘said interconnections being each com-
posed of a series of relatively movable por-
tions arranged in groups of one portion from
each interconmection; a support for each of
said groups, and means for moving one of

said supports to com mplete either alternafive
set ol 1n rconnectlons whereby messages

whlch are coded {Mefoygh one set of intercon-
nections are degddab roughjthe other set;
said one grofp bei to shift any
given portifn to any interconnection of its
set, whereby said interconnections are sur-
transposable to different characters; driving
means adaptéd to move others of said sup-
ports; said last-included supports being
transposable and selective means for altering
the normal movement of less than all said
last-included supports.

42. A cryptographic device comprising a
plurality of language and code characters, a
directly-conditioned and an alternative in-
versely-conditioned set of transitory desig-
nating interconnections between said charac-
ters; said 1ntercon, petions being each com-
posed of a series 6T refatively movable por-
tions arranged.in groyhefbf ongfortion from
each intercorfnectior® algup ot for each of
said groups, and means for e of
said supports to comemmﬁ'%tlve
set 1ons, whereby messages
which are coded through one set of intercon-
nections are decodable through the other set;
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gaid one group being movable to shift any
given portion to any interconnection of its
get, whereby said interconnections are sur-
transposable to different characters; driving
'8 means adapted to move others of said sup-
ports; said driving means being adapted to
permit independent movement of a support
to adjust the phase relation between sup-
ports.
- 10 43, A cryptographic device comprising a
slurality of language and code characters, a
irectly-conditioned and an alternative in-
versely-conditioned set of transitory desig-
nating interconnections between said charac-
16 ters; said interconnegtions being each com-
posed of a series of Telatively movable por-
tiens arranged in groups of one portion from
each imterconnection; a support for each of
said groups, and_means for moving one of
£6 said sup"~ ¢ 1o a8 mﬁm:«nug uve, gLive
set of interconnections, whereby messages
which are coded through one set of intercon-
nections are decodable through the other set;
said one group being movable to shift any
25 given portion to any interconnection of its
set, whereby said interconnections are sur-
transposable to different characters; driving
means adapted to move others of said sup-
ports; said last-included supports being
80 transposable, and said driving means being
adapted to permit independent movement of
a support to adjust the phase relation be-
tween supports; and selective means for al-
tering the movement of less than all said
38 last-included supports.
44 A crygmtographic machine comprising a
plurality of langwage and code characters;
a directly-conditioned set of electrical ecir-
cnits constituting designating interconnec-
49 tions between said characters; an alternative
inversely-conditioned set of electrical cir-
¢ s CUite constituting oppositely designating in-
%',;} terconnections between said characters; a
" commutator incorporating a plurality of sub-
45 circuits, and eommutator brushes, for con-
necting all the separetecirenits of erthorsaid
set threwfh the commutator simultaneo:ﬁ;

P

Fcommutator being rotatable to alterph-

complete either said' set of circhits

"8 whereby messages which are coded through

one set of cirouits are decodable through the
other set. )

" 43. A cryptographic machine comprising a

plurality of language and code characters; a

55 directly-conditioned set of electrical circuits

constituting designating interconnections be-

tween said characters; an alternative inverse-

;{7 ly-conditioned set of electrical circuits con-

degignating interconnec-

3
stituting oppositel
?’"w tions betwéen sBid char ; a commuta-

tor incorporating a plurality of sub-circuits,
and cemmutator brushes, for connecting alk-
the separate ¢ircuits of o] ' :

the commutator-sifiltaneously; said com-"

83 muntm'belﬁé rotatable te alternatively eom-

"
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plete either said set of circuits whereby mes-
sages which are coded through one set of
circuits-are decodable through the other set;
said commutator brushes being perimetrical-
ly arranged, and said commutator being ro- 70
tatable beyond the inverting range to eon-
nect any given circuit of a set through any of
the different commutator sub-circuits, where-
by said designating interconnections are
shiftable to different characters. S
46/ In combination with a coding and de-
coding machine including & typewriter-like };
keyboard, s typewriter-like spacer-bar, and
a plurality of ccde-symbol selectors, means
for connecting said spacer-bar to a code-sym-
bol selector whereby an actusation of the spae-
er bar is arranged to produce a complete and
corresponding effect to that produced by the
8

actustion of ther of said selecters s

47. In combination with a coding and de- 88
coding machine including a type-writer-like
keyboard, a typewriter-like spacer-bar, and .
a plurality of code-symbol selectors, and ad- - ?!;{}
justable means for connecting said spacer-;
bar to any one of a plurality of said code’ 90

symbol selectors:

48. an attachment for a decoding ma-
chine inclur wality of means for des-
ignating different code characters, means

adapted to incapacitate a charaecter designa- 95

tor corresponding to a word space in the orig- iﬁ)
inal message; said means being arranged to

be applied to any one of a plurality of des-
ignators whereby different code characters
may be origimally utilized to represent word
spaces in proéducing the coded message.

49, In a cryptographic machine involving
gsimilar electric typewriter mechanisms for
recording bath language and code messages,
a eommon source of energy for said mecha-
nisms, and means equalizing the operating 3
force of the different said typewriter mecha-
nisms as derived from said sowrce of energy.

50. In combination with a recording cgﬁye
machine having means for recording both
language and code messages on a record tape,
means for splitting said tape into its langauge |
and code eomponents.

51. In combination with a recording code
machine having means for recording beth
language and code messages on a record tape,

100

a pair of cemplementary stepped rollers on
opposite sides of said tape, means for urg- \ L
ing said rollers into shearing relation upon @ ~
said tape, and means for feeding said tape lzv

eentrally through said rollers to split said
tape into its language and code component
messages.

52. A¢ a subcombination of the structure
elaimed in claim 50, a shears comprising a
pair of complementary stepped rolles

rressed against each other. 5

53. In a eryptographie machine, s plural-
ity of code-changing code wheels, means for
revolving one of said wheels, cam means

Iy |
i

|
|
i
i
1
-
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4p disposal of said follower controls the ope

80

80

adapted to revolve with said first wheel, and

means controlled by ‘said cam means oper-

ative against a’'second said wheel to revolve
the same in determined relation to said first
% wheel. -

54. In a eryptographic machine, a pair sf
code-changing code ‘wheels having ratchet
gears and cam profiles operatively associated
therewith, ratchet dogs operative against
o said ratchet gears to rotate the same, a cam
follower in operable engagement with the
cam profile of one of said wheels, and means
operatively connecting the dog of the other
- said wheel with said follower whereby the
T-
ative relation of said last dog to its ratchet
gear. o

55, In a cryptographic machine, a: rotat-
able code-wheel, a cam associated with said
o wheel for pperation therewith, a second code-
wheel, a ratchet gear associated with said
second wheel for rotating the same, a ratchet
dog for operating said ratchet gear and ar-
ranged for disposal in either operativa or in-
operative relation to the gear, a cam follower
in operable association with said cam, and
means operatively connecting said dog with
said follower whereby to control the said dis-
posal of the dog relative to said gear. .

56. In a cryptographic machine, a plural-
ity of code-changing code wheels, electro-
magnetically operated means for oscillatin
all of said code wheels simultaneously, an
ratchet. means adapted to hold certain code
wheels immovable at certain times ta cause
relative advancement of the code wheels.

57. In a cryptographic machine, rotatable
code wheels, means for oscillating all of said
code wheels simultaneously and eccentrically
of their axes, and means operative to hold
certain code wheels against rotation during
said oscillation thereof to cause the relative
advancement of a code wheel. C

58. In a cryptographic machine, a plural-
ity of code and language characters; pplural
means, responsive to electric circuits, for
designating said characters; plural means
designated by said characters for opening
and closing electric circuits; a set o?ecom-
mutator brushes electrically connected, to the
first-included said means; a set of commuta-
tor brushes electrically connected to the sec-
ond-included said means; a commutator hav-
ing one set of “forward” contacts for said
first brush set, a second set of “forward” con-
tacts for said second brush set, and third and
fourth sets of “reverse” contacts mytually
alternative to the contacts of the aforesaid
contact sets; conductors for connecting any
given “forward” contact of one set thereof
to a “forward” contact of the other set there-
of and for connecting any given “reverse”
contact of one set thereof to a “reverse” con-
tact of the other set thereof; said commu-
08 tator being disposable to alternately position

55
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the “forward” and “reverse” contacts:there:
of in registration with the differént:sets of
brushes, whereby the circuits may be reversed
to and from coding and decoding aperation
of the cryptographic machine. = ... 10

59. In a cryptographic machine, a plural- i
ity of code and language characters; plural
means, responsive to electric circuits, for des-
ignating said characters; plural means des-
ignated by said characters for opening.-and
closing electric circuits; a set of commuta-
tor brushes electrically connected to -the
first-included said means; a set of commu-
tator brushes electrically connected to the
second-included said means; a commutator
having one set of “forward” contacts for
said first brush set, a second set of “for-
ward” contacts for said second brush set,
and third and fourth sets of “reverse” c¢on-
tacts mutual%iy alternative to the contacts of
the aforesaid contact sets; a set of wires
connecting the “forward” contacts of the
first contact set to contacts of the third con-
tact set; a set of wires connecting each “re-
verse” contact of the fourth contact set to
its alternative “forward” contact of the sec-
ond contact set; wires connecting each wire
of the first set to a wire of the second set
thereof; said commutator being disposable
to alternatively position the “forward” and
“reverse” contacts thereof in registration
with the different sets of brushes, whereby
the circuits may be reversed to change to
and from -coding and decoding operation of
the cryptographic maehine.
- 60. In a cryptographic machine, a plural-
ity of code and language characters; plural
means, responsive to electric circuits, for des- .
ignating said characters; plural means des- .
i%nated by said characters for opening and 105
closing electric circuits; a set of commuta-
tor brushes electrically connected to the first- M

78 *

80

85

00

100

included said means;-a set of commutator
brushes electrically connected to the second-
included said means; a commutator having
one set of “forward” contacts for said first
brush set, a second. set of “forward” con-
tacts for said second brush set, and third :
and fourth sets of “reverse” contaets mutu- !
ally alternative to the contacts of the afore- 115

said contact sets; a set of wires connecting

the “forward” contacts of the first contact

set to contacts of the third contact set; a *
set of ‘wires connecting each “rexerse” con- A *
tact of the fourth eontact set to its alterna- 120
tive “forward” contact of the second contact
set; wires connecting each wire of the first

set to.a wire of the second set thereof; said
commutator being disposable to alternatively
position the “forward” and “reverse” con- 12
tacts thereof .in registration with the differ-

ent sets of brushes for reversing the circuits

to change to and from coding and decoding
operation of the cryptographic machine, or

to shift each set of contacts to a new posi- 130

110
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b ~ tion relative to their brushes for changing
. the circuits without reversing them.
61. In a cryptographic machine arranged f

i

i, umemana 10 produce and print coded and decoded mes-
— e 52.g2¢s With a plurality of symbols, means au-

=== tomatically operative for printing different
of said symbols in successive word spaces
of a code message whereby they appear as
characters of the code message, and means
10 automatically operative to reconvert said
- space filling symbols of the coded message
into spaces in a printed decoded message

produced by the machine.
In testimony whereof, I aflix my signature.

15 EDWARD H. HEBERN. -~
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My invention relates to an electric codin

" and decoding machine having a plurality o
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keys adapted to close a plurality of circuits
and having a plurality of rotatable circuit
changers aﬁapted to divert the current in said
circuits to some form of indicating means,
upon which the coded or decoded message i
to appear. , P

One of the objects of the invention is to pro-
vide a machine in which return circuits are
provided and used in to the decoding of a
code message. o

Another object of my invention is to pro-
vide a machine in which. the original and
cipher letters are not in complementary pairs.

Another object is to provide a machine in
which a visible code or original message in-
dicating means is used.

Another object is to provide a machine
with a plurality of rotatable wheels adapted
to be moved at predetermined intervals inci-
dent to each operation of the machine to
change the code each time they are moved,
which wheels will decode the message when
the decoding circuits are used.

Another object is to provide a new and im-
proved coding system. ‘

Further advantages and objects will be ap-
parent upon consideration of the detail de-
scription in connection with the accompany-

ing drawings, in which one modification of

my invention is illustrated in its preferred
form, it being understood, however, that the
invention may be embodied in other forms,
and that I desire to cover the same broadly
in any of its modifications.

Referring to the drawings, in which corre-
sponding reference numerals indicate like
parts throughout: .

Figure 1 is a perspective view of my code
machine; . : .

Figure 2 is a sectional view taken on line
9—2 of Fig. 1; ‘

- Figure 3 is a side elevation of one of the
code wheels;

Figure 4 is a sectional view taken on line

. 4—4 of Fig. 8;

Figure 5 shows a number of English and
code alphabets for both positions of the con-
trol switch;

Figure 6 is a diagrammatic fiew illustrat-

ing the means for operating the code wheels; -

Figure 7 is a wiring diagram of my ma-
chine showing three code wheels; and

Figure 8 is a perspective view showing the
ratchet operating means and the cooperation
of the ratchets with the code wheel operating
fingers.

Figure 9 is a
machine. .

My code machine comprises a casing 1 in
which the various parts are enclosed. plu-
rality of key levers 2 project from the front
of the casing 1 and are journaled upon a key
rod 3, which is secure& in the sides of the
casing. Finger keys 4 are secured to the
levers 2, upon which the letters of the alpha-
bet are formed in the arrangement ordinarily
emﬁloyed on typewriters. :

lurality of code wheels 75%, 754, 75, 758,

and 75° are journaled upon a shaft 6, which
is removably secured in the bearings 49 sup-
‘ported by the sides of the casing 1. The con-
struction of these wheels is substantiall
similar to the wheel described in my co-pentf:
ing application Serial No.. 457,419, filed
March 31, 1921, (Patent 1,510,441, Sept. 30,
1924). J ournaled on the bearings 49 are the
ratchet wheels 5%, 5% 5% and 59; each of which
is provided with twenty-six ratchet teeth 66
and a circular cam-forming flange 67 having
the major portion of its outer periphery even
with the outer parts of the teeth 66, and hav-
ing the cam depressions 5°, 5%, 5%, and 5"
formed therein. - These wheels cooperate

perspective view of my code

with the code wheels in a manner hereinafter -

to be explained. The letters of the alphabet
appear in regular order upon the peripheral
portion of each ratchet wheel, one letter being

written by each notch between the teeth 66.

In place of the letter “Z” on each ratchet
wheel, a notch 5°, 5, 5¢, and 5" is provided,
which notch is the same size as the remaining

_notches, but extends across the entire width

of the ratchet wheel so that each of: the
flanges 67 is thereby provided with one notch.
Each of the ratchet wheels is provided with
twenty-six counter-sunk round notches 69
adapted to receive a portion of a spring
pressed ball (not shown) carried in housing

&6
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70
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70 carried in the side walls of the casing 1,
.and by the stationary plates 71 mounted on
the inner ends of the stationary bearings 49.
The object of this arrangement is to hold the
ratchet wheels in the exact:positions desired.

A plurality of pockets 7, twenty-six in
number, are formed in the periphery of the
‘wheels 75, 75%, T5°, 75% and 75°, in which ap-
pear the letters of the alphabet from “a” to

'y”, and a number in the last pocket, which
the number of the wheel, as
cally shown in Fig. 8.

CZrtain of the code and ratchet wheels may
be rotated as the keys.are successively de-
pressed in the following manner: '

A bar 8 extends across the front of the

is iagrammati-

- machine under the keys 2 and is secured at

both ends to levers 9—9 which are journaled
on the rod 8. Thus, as each key is depressed,
it will engage the bar 8 and rock the forward
ends of the levers 9 downwardly and the rear-

* ward ends upwardly. A rod 10 extends be-

25

30

45

50

tween the levers 9 and ratchet dogs or fingers
722, 720, 72°, 724, and 72¢ are loosely mounted

upon the rod. These fingers are adapted to-

engage pockets 7, and as the levers 9 are
rocked by the actuation of the keys 2, the
wheels 75®, 75%, 75¢, 759 and 75° will be rotated
steﬁ b{l step but at widely different intervals.

ach of springs 12#, 120, 12¢, 124, and 12° is
secured at one end to an adjusting screw 61
carried by bar 62 extending between levers

9—9, and at its other end to an arm 13¢, 13%,
'18°, 13%, and 13° of the fingers 728, 79", T2°

724, and 72°, which springs urge the sai
fingers 72¢, 72%, 72°, 724, and 72° forwardly
into the pocket 7.

The finger 11" is loosely mounted on the rod
10, and is at all times pushed forwardly by
the spring 12* pulling upwardly on the lever
13t, forming a part of the finger 11*. Each
time any key is depressed, the finger 11* ro-
tates the ratchet wheel 5% for one notch. The
finger 72° likewise rotates the code wheel 75°
a similar distance, being pressed forwardly
into the notches 7 of the code wheel 75¢ by
the spring 12¢ pulling upwardly on the lever
13¢ secured to the finger 72°. Each time a
key is depressed, therefore, the code wheel 75°
and the ratchet wheel 5¢ rotate one notch and
make one complete revolution when twenty-
six keys have been successively depressed. -

As soon as the finger 11f, which extends
over the flange of the ratchet wheel 5¢ and
over the teeth of the ratchet wheel 5°, is ad-
jacent the notch 5 of the ratchet wheel 5¢, the
finger enters thé notch 5%, and one of the
twenty-six notches of the ratchet wheel 5°.
The fingers 11¢ and 11° are rigidly mounted
on a common sleeve 65’. The spring 12¢ pulls
the lever 13° upwardly, moving the finger 72°
into engagement with one of the notches 7
on the code wheel 75¢, which finger presses the
detent 11 forwardly, rocking tﬁe eeve 63 on

e
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the rod 10, and moving the upper end of the
finger 11f, carried by said sleeve, into the
notch 5*. Upon the depression of any key
when the parts are in this position, the ratchet
wheels 5° and 5¢ are rotated one step by the
finger 11¢ and the code wheels 75° and 75°
are moved forwardly a similar distance, being
actuated by the fingers 72° and 72¢, respec-
tively. It would, therefore, appear that the
code wheel 75° and the ratchet wheel 5° rotate
one complete revolution while the code wheel
75° and the ratchet wheel 5 make twenty-six
complete revolutions. , oo

The fingers 115 and 68 are rigidly mounted
on the rod 65 extending between the levers
9—9 and located above the rod 10. The finger
115 is normally engaged by the flange 67 of
the ratchet wheel 5°, which holds the finger
11¢ out of the notches on the ratchet wheel 5.
As long, therefore, as the flange 67 of the
ratchet wheel 5° is in engagement with the
finger 115, there is nothing to actuate the
ratchet wheel 52, and the same is held station-
ary by the sp;ing-pressed balls engaging the
notches 69.
ly mounted on a common slgeve As soon
as the finger 11%is adjacent the notch 5¢, being
the onl
moves forwardly by means of the spring 122
pulling the arm 13* upwardly, thereby mov-
ing the finger 72# into the pocket 7 of the code
wheel 75, The finger 72* presses against
and moves the detent 11* forwardly, rocking
the sleeve 64 on the bar 10 in a clockwise di-
rection. ‘As the finger 11° is secured to the
sleeve 64, the former is likewise moved for-
wardly and engages the finger 68, rocking the
same, together with the shaft 65 and finger
115, The finger 112 now enters the notch 5¢
and the finger 11° enters one of the notches
between the teeth 66 on the ratchet wheel 5
The finger 72° is always pressed forwardly
against the middle code wheel 75°. When the
finger 11¢ is in the notch 5%, the finger 11° is
in one of the notches on the ratchet wheel 52,
and the finger 72¢ is in position to actuate the
middle code wheel 75°. When the parts are
in this position, if the operator presses any
key 4, the ratchet wheels 52, 5°, and 59, to-
gether with the code wheels 75%, 75¢, and 75°
are actuated for the distance of one notch.
It is, therefore, apparent that the ratchet
wheel 5° and code wheel 75® are rotated only
one notch while the ratchet wheel 5° is being
rotated for twenty-six notches or ‘one com-
plete revolution. Since, therefore, the ratchet
wheel 5° moves only one notch while the
ratchet wheel 5¢ moves twenty-six notches,
and since the ratchet wheel 5* moves only one
notch while the ratchet wheel 5° moves
twenty-six notches, the ratchet wheel 52 moves
only one notch while the ratchet wheel 5¢
makes 676 revolutions, which represents the
successive depression of 17,576 keys,

he fingers 11¢ and 11° are rigid-

70

75

80
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notch in the flange, the finger 115
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The finger 11¢ is seécured to a rotatable
sleeve 73 mounted on the shaft 65, which
sleeve likewise carries an arm 74 normally
pressed forward by the finger 72%. When the

notch 5¢ is adjacent the upper end of the fin-

ger 114 the finger enters the notch, being
Pressed into it by means of the spring 129,
ever 134 finger 729, arm 74, and rotatable
sleeve 73. en the parts are in this posi-
tion, and any key is depressed, the code wheels
75¢, T5¢, 758, and 75%, will move one notch in
unison with the ratchet wheels 52, 5%, 5°, and
59, it being understood that the upper end of
finger 11¢ extends over the flange 67 of the
ratchet wheel 5° and over the teeth of the
ratchet wheel 5, so that when the finger 11¢

- is in the notch 5°, the said finger actuates both

of the ratchet wheels 5* and 5*. The ratchet
wheel 5° is, therefore, rotated only one notch

-while the ratchet wheel 5* makes a complete’

revolution or while the ratchet wheel 5¢ makes
17,576 complete revolutions, which represents
the successive depression of 456,976 keys.

The finger 11° is secured on a sleeve 75 ro-
tatable on the sleeve 73. The sleeve also car-
ries an arm 76, which is normally pressed for-
ward by the finger 72", the upper end of the
finger 11° normally resting against the pe-
rip%xer of the flange 67 of the ratchet wheel
5, en, however, it is adjacent the notch
5 on the said flange, it is pressed into it by
means of the spring 12°, lever 13°, finger 72P,
arm 76, and sleeve 75. The upperend of finger
72° now enters the notch 7 in the code wheel
75°. If, when the parts are in this position,
any key is depressed, the ratchet wheels 5°, 5*,
5¢, and 59, together with the code wheels T5°,
75%; 75° and 75° will move one notch. The
parts can, however, be in this position only
once upon a complete revolution of the
ratchet whee] 5% ~which “would represent
456,976 revolutions of the ratchet wheel 5% or
the depression of 11,881,376 keys. '

The five code wheels are thus moved pro-

, ﬁressively in non-recurrent succession to ex-

aust the possible relative rotative positions

'Y of the-code wheels.

As heretofore stated, any of the code wheels

~ may be removed, and as they are all of the
same size, they may be replaced in any order

" or with the letters inverted. When some are

inverted as are wheels 75* and 75° shown in
Figure 1, the reversed wheels give an entire-
1y new alphabet; and not a reversed primary
alphabet. Hence, we have 10 X8 X 6X4X2, or
8,840 possible locations of the code wheels,
each of which gives a different coding plan,

-thereby providing 11,881,376 alphabets times

3840, or 45,624,483,840 alphabets for the ma-

- chine. In using both the direct and reverse

currents, hereinafter to be explained, for

sending as well as receiving, there would be a-

range of 2X45,624,483,840 alphabets, which
is equal to 91,248,967,680 complete alphabets,
which is the possible range of my machine for

“one set of wires. ‘Of course the code wheels

may be moved by hand to any one of
11,881,376 starting positions for the con-
tinued five code wheels.

Of course, this arrangement can be varied
in any suitable manner by a proper arrange-
ment of fingers, and cooperation between the
various fingers and detents. ' Of course,a more
or less number of code wheels and ratchets
could be used as desired without departing
from the spirit of my invention.

A spring 14 is secured to each of the levers
2 and to an adjusting screw 15, which extends
into the casing 1 and which holds said levers
in their normal raised position. The code
wheels 752, T5% 75¢, 75 and 75° are all iden-
tical to one another in their constructional de-
tails and are similar in construction, to the
code wheel described in my prior Patent
1,510,441, but are free of one important limi-
tation imposed upon the wiring details of the
code wheel in this early patent; viz, that the
contacts be connected 1nvertedly in pairs so

‘that if the “H contact on one side of the code

wheel were connected to the Y contact on the
other side thereof, the Y contact on said one
side was required to be connected to the “H”

contact on said other side. In the code wheel .

of the present invention this inverted relation
is unnecessary, and inspection of Fig. 3 dis-
closes the random character of the intercon-
nections. A further slight distinction re-
sides in the placing, in the present invention,
of the opposed contacts on opposite sides of
the code wheel in axial alignment; the con-

70

76

80

85

90

95

100

tacts being insulated from each other. Just -

as in the code wheel of the said prior patent
however, there are 26 contacts 16 and 17 posi-
tioned on each side of the code wheel. A
separate wire extends from each of the con-

tacts 16, which may be termed the incoming’

contacts, through the wheel and each to a

(any one) contact 17 on the o%posi,te or out-
going side of the code wheel. The contact 17
(ordinarily) represents a different letter
from the contact 16, as is clearly shown in
Fig.3. Ordinarily no two code wheels in any
one machine will be wired exactly alike.

- The similarity of the code wheel to an elec-
tric commutator is at once apparent. In fact
each code wheel is a commutator, and will be
so-termed at times. ‘

Between each pair of revolvable code
wheels 5, is is which has
26 contacts on each face thereof which touch
the wheel contacts 16 and 17." The contacts
19 in the disk 18 extend therethrough and
conduct the current from one code W.Tleelv to

the next. End plates 20 and 21 are positioned

at the left and. right ends respectively of
the code wheels 5, through which the current
is conducted to said code wheels. 26 con-
tacts 22 extend through the plate 20, and
contacts 23 extend through the plate 21 and
bear against the contacts 16 and 17. A sta-
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tionary contact board 24, Fig. 7 is positioned
in the casing 1 in any suitable manner and a
plurality of contacts 25 are positioned there-
in. These contacts are formed in pairs, one
set being in use while the other is idle, the
object of the two sets being to reverse the di-
rection of the current through the code
wheels, (from left to right or right to left)
as will be described.

A movable contact board 26 is juxta-
positioned to the board 24, and has one set
of contacts therein adapted to cooperate with
either of the two sets of contacts. Leads 28
extend from the various contacts 27 to the
contacts 22 and 23. The board 26 is moved
relative to the board 24 by means of a suit-
able handle 29, which may project through
the casing 1 and the positipn of the contacts
therein may be indicated -by a pointer 30,
which also may project through the casing
and which pointstothelegend“Direct”or“Re-
verse”, which may be marked on the casing.

Each of the key levers 2 is adapted to enter
a knife switch 31 as it is depressed. *Leads 32
extend from the switches 31 to the correspond-
ing contacts on the board 24 and leads 33 are
tapped from the leads 32 and extend to the
corresponding duplicate contacts on the board
24. That 1s, one lead extends to a “direct”
contact and the other to a “reverse” contact.
Leads 34 extend from the direct contacts 25
to the lights 35, which are set back of a panel
36, in which are positioned the transparent
windows 37, upon which the letters of the
alphabet appear, and behind which the light
35 is placed to illuminate the letter. Leads
38 are tapped into the leads 34 and extend to
the “reverse” contacts 25. Thus, each light
is connected to both a “direct” and a “reverse”
contact. It is evident that the contact boards
24 and 26 cooperate to form a multipole re-
versing. switch for inverting the relation be-
tween all the characters simultaneously. The
incorporation of this compact effective elec-
tric unit constituted an important step in my
invention. .

A battery 39 supplies energy to the keys 2
through a lead 40. The other terminal of
said battery is joined by a lead 41 to a circuit
breaker 42, such as the one described in my
co-pending case Serial No. 457,419, above re-
ferred to, and a lead 43 cxtends from said
circuit breaker to a three-way switch 44, and
from said switch through leads 45 to the va-
rious lamps 35, thus completing the circuit.

To carry through one operation of the ma-
chine in direct position:—

If the key “b” is depressed, thus forming"

contact with the switch 31 and permitting the
current to flow through the lead 32 to the
“B” contact 85 on the board 24, thence to the
contact 27 and through the lead 28, the contact
23 on the end plate 21, the current takes a
tortuous passage throngh the code wheels 752,
75, T5°, 759, and 75, and disks 18 and finally

1,688,072

arrives at the contact 22 on the plate 20. A
circuit lead 28 is now energized and the cur-
rent extends to a second contact 27, and thence
to a C contact 25 on the stationary board 24,
from which a lead 34 carries it to a C light
35. This indicates that at this particular set-
ting the code letter of “B” is “C”.

In decoding, it is necessary to place the
board 26 in the other position. That is, if
the message is sent in the “direct” position,
it must be decoded in-the “reverse” position.
In the same manner, it can be -followed
through in “reverse” position, that is when
the C key is operated, the B light will shine.

In Fig. 5 is shown a number of examples
in the alphabet sent in code in both “direct”
and “reverse” position of board 26. Instead
of using the light board 36, the switch 44 may
be operated to throw out the lights and to
operate an auxiliary typewriter, as disclosed
in my application Serial No. 675,951 filed
November 20, 1923. ,

Leads 46 extend from the switch 44 to the
solenoids 47, which depress the key actuating
means 48. If desired, the tabulating mecha-
nism 50 may be used. Leads 53 extend from
the leads 34 tovarioustype armoperatingsodle-
noids 52. ILeads 51 extend from these sole-
noids to the switch 44. Thus, the type arm
is caused to print the code upon the ribbon,
It issometimes advantageous to have the Eng-
lish immediately above the code, and this may
be accomplished by a second set of solenoids
54, which actuate type arms to print the Eng-
lish on the ribbon. The leads 55 to these sole-
noids extend to various switches 31, thus pro-
ducing the English message.

A line 60 is formed along the ends 21 and
stationary disks 18, by which the code and
ratchet wheels are set in the starting posi-

5

80

20

10¢

106

tion. In starting to code certain predeter-

miried letters on the wheels 75, 75° 75¢, 759,
and 75° must be in alignment with the line
60 and the arrow 30 indicating either “direct”
or “reverse” position of the board must be
set. Todecode, the same letters on the wheels
752, 75%, 75°, 7562 and T5° must be brought in
alignment with the line 60, and the arrow
30 must indicate the opposite position of the
board 26 from that used in coding.

It is understood that the shaft 6 is remov-
able, and that the code wheels may be re-
moved and interchanged or inverted to
change their relative positions or to change
their direction of rotation. The relative ro-
*tation_ or the periods of rotation of the code
wheels may be determined by the ratchets or
certain of the wheels may be stationary at all
times, depending upon the will of the oper-
jator. The wiring of the wheels may be done
entirely by the operator and the correspond-
ing wheels of all machines in the hands of

arties with whom communication is carried
on are necessarily of duplicate wiring and
combination.
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A pin 77 is carried by the bar 65, which
‘pin projects through arcuate slots in the
sleeves 73 ‘and 75 and serves as a means to
prevent displacement of the sleeves longitu-
dinally of the shaft 65, thereby insuring the
correct positioning of the fingers in relation
to the ratchet wheels 5* and 5°.

While I have herein shown the preferred
embodiment of my invention, I'do not-wish
to limit myself-to the exact form shown, but
reserve the right to make all changes which

fairly fall within the scope of the ap-
pended claims. T
Devices and systems in the art of cryptog-
raphy may generally be divided into two
classes; one relying upon such simple tricks
adding
dummy symbols and like confusing expedi-
ents; and the other involving some thorough-
ing plan of introducing complexity, such
or example, as that of the Vigenere*
Cryptography Table. As soon as the trick is
discovered in the former class, the message
may be deciphered in the same manner i
which it would be decoded. In the latter
class however, deciphering must follow a
less direct plan, such as that involving letter-
frequency probabilities. My invention be-
longs to the latter class, and it is to be em-
phasized that modifications thereof by such
tricks as are contained within the first-men-
tioned class are mere permutations within
the purview of my invention. Where my in-
vention, for example, calls for a certain con-
tinuity or sequence, the introduction of some
such trick to break the continuity or sequence
must reasonably be interpreted as not with-
out the scope of my invention. It is to be
expected that someone may desire to compli-
cate the device of my invention by simply
combining it with some well-known device
of the latter class above defined. I desire to
be protected from the infringer who would
thus adopt my invention and attempt to
mask it behind some other cryptographic
system. A thorough mastery of the matters
taught by my invention and the description
thereof will suggest countless such modifica-

_ " tions within its purview, and any interpreta-
" 50

tion of the claims to my invention should
therefore rest upon a similar mastery of the
matters herein taught, and upon an under-
standing of the fact that most of the past ef-
forts in cryptography were directed to pre-
cisely such confusing combinations and modi-

" fications of well-known systems, in an effort

" to outguess cryptographic experts.” It is to

. 60

be emphasized that, unless such confusing
complications and modifications, my inven-.
tion entails the production of a eomplex code
which does not become decipherable when the
details of the coding system or machine are
guessed or disclosed. A
In order to assist in evaluating my inven-

‘these links which

5

tion the significance of the structural ele- 65

ments and combinations, of the preceding

specific description will be explained.
The alphabet characters on the kegs 4

and on the transparent windows 37 will be

referred to respectively as language char- 70

acters and code symbols; it being appreciated
that the distinction between them is arbitrar-
ily made for convenience, since the charac-
ters on the keys 4 become the code symbols
when the macﬁ

sage. The symbols and characters are the
essence of any cryptographic device, and the
purpose of cryptography is to establish mut-
ual relations between these characters and

ine is used to decode a mes- 76

symbols. My invention resides in the method 80 :

and means for estdblishing these relations;
and in the present instance I employ elec-

trical désignating interconnections between
e characters his purpose.

Thus, referring to Fig. 7, it is possible to 85

trace a designating interconnection from
the character “B” on finger key 4 to the
character “C” illumined by a bulb 35. This
designating interconnection; traced from

the switch 81 to the bulb 35; is seen to in- 90

clude a wire 32, contacts 25 and 27 (of the
reversin, switch 24—286), wires 28 (lead-
ing to the code wheels), the series of sta-
tionary wires 19 between code wheels, and

movable wires (not numbered) carried by 05

the code wheels. Each of these separate ele-
mental parts of the designating intercon-
nections constitutes a link in a designating
interconnection, and it will be noted that the

Iinks l%eﬁne_d:;'by the_code-wheel wires are 100

shiftable relative to each other and relative

to the designating interconnections a5 &
whole. It is these shiftable links that con-

trol the incidence of the desi

ating inter- .

connections. relative to the characters and 108

ymbols; and it is the shiftable nature of
1[1)ermits altering the rela-

tion between the characters and symbols.
Each code-wheel constitutes a movable

support for a group of links and the links are ll%

circularly (i.-e. perimetrically) arranied in
these supports so that they may be shifted
simultaneously to a new set of connections.
The object of moving the commutators in -

rogressive non-recurrent succession to ex- 118 -

Eaust the relative rotative positions is sim-

ly to exhaust the possible groupings of
Enks. Thus each movable link is connected
once and only once in the 11,881,376 differ-

l

3

ent relative code wheel positions, to every 190

other possible series of links for any one
given arrangement of the code wheels and
wiring thereof. And it is to be emphasized
that there are 3840 such code wheel arrange-

wiring ‘combinations.
Reverting to.the operation of the code:

machine: 1t will be recalled that one: code

*Sec Langle "Cryptography” Constable and Co. L4d. London,

ments, and ‘2 countless number of different 128

%
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wheel is continuously rotated, so that if any a tertiary plan or sequence affecting the sec-

one language character is re%;atedli selected, ondary sequence. This second code wheel is

as by depressing a single finger key time- advanced at a relative speed such that the
after-time, a different code letter will appear : change of secondary sequence occurs immedi-
each of the first twenty six times the key is ately prior to its exhaustion so that; on the 7¢
depressed. If one, and only one, code wheel - one hand the entire secondary sequence is util-
were_rotated (or if all were advanced to- ized; and on the other hand, avoidj% recur- o
gether or synchronously), the code letters rence of the secondary sequence avoids recur- T
would begin to repeat themselves in regular rence of code. It is of course possible to ' ‘
order the twenty seventh time the key was change the plan of code-change without af- 7o
depressed, and this repetition' would be in fecting the sequence of this plan, (as by con-

- identical alphabet sequences so that each necting the wires in the second code wheel in |

18

" my invention would follow.a certain cod:- wheell introduces a hierarchy. of sequences

as that used in the ere Cryptographic of al
‘Table (See Langie ‘%1!'13,',pbogmphy%r EonA links

" able sequence o

twenty sixth code letter of a given language proper fan-like relation), but it is preferred S
character would be the same. With only to utilize the more fundamental type of :
one code wheel operating, the machine of cha.n?e. Use of a third, fourth and fifth code 80

ing system obviously, and this system might each related similarly to the tertiary and sec-
be concisely described as follows: ondary sequence. KEach code wheel is a ro-
The language and code alphabets are re- tatable support for a group of links of the
lated to one another definitely (in this case designating interconnections. N :
by designating interconnections. therebe-  Sinpe each code wheel i ' if-
tween), and this relation is periodicalldy feren two of the hierarchy of plans
changed (each time the code wheel is ad- areidpntical.. Since each code wheel is wired
vanced) according to a definite plan. The at radom and differently, each of the hier-
particular plan of change in this case; for archy of se&ue’nces of these plans is random 90
example, being dependent upon the charac- and dissimilar. : '
ter of movement of the code wheel. As . Tr i
stated so-far, this syvstem will be recognized or in

83

ring the incidence of the groups of < T
[ _ lative to their interconnections and so 95
stable & Co. Ltd. London), in which the plan ch or interchanges the plans of code-
of change of code is dependent upon someé change to others of the same order. . ] i
key word for the table. The use of this = ‘Th¢ combination of the hierarchy of plans !
key word has the'effect of bodily moving formqa highly complex basic plan of change - o
a single code alphabet relative to the lan- of code and, though arrived at by fairly sim- 100 .
guage alphabet, while retaining an invari- ple mpchanical rules, there is no simple for- -
£ letters in the code alphabet. mula yelating the basic plan to the code pro- cr !
Thus the nature of change in the Vigenere duced While it may be decoded by thissim- - -

- table is_dependent solely upon the charac- ple mpchanical rule, it cannot be deciphered, o . {

~ changed according to a definite plan. Where-_phab

~ these lines and is more than twenty-six times .

.. wheel, then the second code wheel jutroduccs ‘ot

“frequency. With only one code wheel how- sponding code wheel whereby one of the code,

chs
" relation is changed actording to a definite -

ter of this movement. In the machine of since kthere is no relation between the basic 105 S
my invention however, another factor; viz, plan &nd the particular letters as they occur i
the commutator wiring, also affects the in thp message. Especial emphasis is di- : )
change of code, and serves to alter the se- reeted to the avoidance of recurrences of code T
quence as well as the bodily relation of thetwo in any but a random and purely accidental -
alphabets. In other words, the sequential orderiwithin a total number of code changes 110
relation of the language and code letters is measjred.by the number of letters in the al-
x ) ) df, not merely multiplied by, but raised ~
as the Vigenere code can be deciphered by to the power of, the number of plans in the
blocking the message into’ columns twenty- = hieraqchy. - : ’ ;
six letters wide and applying tables of prob-  Hating described thy invention, I-claim: 11
able letter nencies along parallel lines, 1, In a coding and decodin m“hhtl:ﬁ 8
of ratchet

the code_formed bgsﬁ'sing one code wheel Qf plui'a ity of code wheels, a plura
my ‘machine breaks up the parallelism of whaeel means;whereby‘kt%rﬂ&étms

X e acdtuated and means operatively connect- Y
as invulnerable to attack by tables of letter’ ing edch of the ratchet wﬁels with a corre- 13§

ever, the code does recur at regular intervals. and oje of the ratchet wheels is actuated only
The effect of employing a second code wheel after fnother ratchet wheel has made a com- ) -
is to periodically change the plan of code- plete fevolution. wis {
anglo;:ooordmgto'adeﬁmte rule, or second- - 2, Fna coding and decodi ﬁne’, 8. pl
plan. If the code and language letters 'rality of code wheels, a pluzality of rafchet -
related in a primary sequence and this whes m:;ng gvh:treby ﬂ:ie ratchet".a}-a ‘ :
Retuafe tep, and means operative ~
plan or secondary sequence by one code conpetting ers’tchyoft e ratchet wheels withi ‘ ‘ ;
pgponding code wheel whereby o of the: S i




) i

{; 4" ratchet wheels is held stationary after having'

A whevreby said lever. is actuated a.ﬁluraliﬁ‘ of
/X A\ ratt wheels, a finger carried y said. bar

=
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code and one of the ratchet wheels is moved
forward one step .only after another ratchet
‘wheel has made a complete revolution.

3. Ina coding and decoding machine, a plu-
rality of code wheels, a g i
" wheels, means whereby the ratchet wheels
' are sctuated, means whereby each of the:

s

\

‘t 10 necting each of the ratchet wheels with a

e
]
+

: i . -been actuated, and means operatively con-

corresponding code wheel whereby one of the
code and one of the ratchet wheels are actu-
ated only once i

T

_ rality of intgrchangeable-code wheels, a plu-

.+ rality of raﬁ%h‘et‘%ﬁzi, means wher:a}_)\}'rl)ﬂfe‘

7 rafcﬁef wheels are actuateéd and means oper-
- atively connécting each of the ratchet wheels

one of the code and one of the ratchet wheels

»_fo with a corresponding code wheel whereby
¢
o+

) 28 ralfty of code wheels, a rod on which the code

adapted to be lifted from the machine when
'\ ‘said rod is removed, a plurality of ratchet
- wheels, means whereby the ratchet wheels

- }o ing each of the ratchet wheels with a corre-
faj"“ \, sponding code wheel whereby one of the code
: \and one of the ratchet wheels are actuated

only once while another ratchet wheel 1?

Y85 mm c “Tevolution. —
. In a coding and decoding machine, a.

s r} lever, means whereby said lever is actuated,
) “coding wheels having notches on their pe-
A(_ riphery and fingers actuated by said lever
40)and adapted to extend into said notthes and

* ¢ rotate one of the coding wheels one step each
ng time the lever is depressed and the ;jremainizlg‘
Al )\ coding whedls at varying intervals ot simul-

. ‘Ataneously. -~ .- s
45 7. In a coding and décodi

machine, a

"} \ levers, coding wheels having notches on their
-periphery and fingers actuated by said rod

60, and adapted to extend into said notches and

*{/ rotate one of the coding wheels one step each
¢ time said levers are depressed and the re-
maining coding wheels at varying. intervals

or simultaneously. , _
8. In a coding and decodin% machine, a
‘lever, a bar carried by said lever, means

1;-93_ -

&fd adapted to move one of the ratchet
00, Y¥hoels one step each time said lever is de-

D ,.8 second finger carried by said bar,
"4l means whereby said second finger is held in-
Al operative until the ratchet wheel operated by
1 Athe first finger reaches a certain point in ifs
-yevolution, and means whereby the second

\ % ‘15 making a complete revolution,
18 ~% Ina coding and decoding machine a plu-

1. are actuated only once whi ~10.'In a coding and decoding machine, a
wheel is ing a complete revolution. . ~ lever, means whereby said lever may be ac-

ecoding machine a plu- tuated, a

wheels are mounted, said code wheels being W

~ "Iplurality of levers, means whereby said levers ri
J\.are actuated, a rod extending between said s

o

finger is then rendered operative to actuate -

the second ratchet wheel one step upon-the

depression of the latter.
9. In a coding and decodin

t lever, a bar carried by said lever, means

whereby said lever is actuated, a Elma.ht.)m- f
ratchet wheels, a finger carried iy said bar
afid adapted to move one of the ratchet

wheels .one step each time said lever is de-
pressed, a second finger carried by said bar,

machine, a .
70

means whereby said second finger is held in- | 3§

operative until the ratchet wheel operated by
the first finger reaches a certain point in its
revolution, means whereby the second finger
is then rendered operative to operate the sec-
ond ratchet wheel one step upon the depres-
sion of the lever, a plurality of code wheels
_and means operatively connecting the first of
the ratchet wheels to one of the code wheels
and the second ratchet wheel to the second
code wheel. ' '

ratchet wheel and a code wheel, a

e adapted to actyale The suid ratchet 90
L je. Lhe
S0 g Wh 1eANS CATT ever &
wh ‘ m A
wheraby both of said fingers are Reld inop- ¢

are actuated, and means o'Eeratively connect-' erative until the ratchet wheel is in a prede-
e

termiped position, and means whereby both

of said fingers are then rendered operative to
move. the wheels one step when the lever is
deprepsed. : '
‘11, In a coding and decodin¥ machine, a

lever, a bar carried thereby, a gle
" bar, 4 detent and .a finger ca by said
sleevd(i a second finger, means whereby said
{ ressed forward

eve on said

secondl finger is normall
-againgt said detent; a ratchel W y . 105
v'v%e‘;%_m&ger is held inoperative -
unti] the ratchet wheel reaches a predeter-
mined - position, and_j : id
¢t wheel is. hrough d_position,
St Tinger being e the {110

hcel one when the pa
Bosition and the lever is depressed.:
12.:In & coding and decoding machine. a

sleev% a second finger, means whereby said
seconfl finger is no_rmal% pressed against said
detent, a ratchet wheel and a code wheel,

meang where by said first finger is held inop-
* erative until the ratachet wheel reaches a pre-
- determined position, and means whereby said

-

rts are in

_lever, a bar carried thereby, a s ide  \Ax 0n
bar,"‘g detent and a ﬁnger’ Carr 1e§ gy said 118 zw

/

120

/

ratchet wheel is brought into said position,
said first finger being adapted to actuate the

ratche¢t wheel one step when the parts are in’

125

meang whereby said code wheel is simultane-

said ?;sition.and the lever is depressed, and

oved forward one step. :

ously

13.'In a coding and decoding machine, a

lever, a bar carried thereby, s sleeve a
bar, 8 detent and a finger ¢




Y

§
EA

[

, \20

§ 28 adjusting screw and said last' mentione
‘/\ év_er, a ratchet wheel, means whereby said

~
&
>
A
§

N
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sleeve, a second finger, means whereby said

second finger is normali{ pressed against said

detent, said means including a rearwardly

extending lever forming an extension of the
6 said second finger, means whereby the last
mentioned lever is normally pulled up-
wardly, a ratchet wheel, means whereby said
first finger is held inoperative 'until the
ratchet wheel reaches a predetermined posi.
tion, and means whereby said ratchet wheel
is brought into said position, said first fin-
. ger being adapted to actuate the ratchet

wheel one step when the parts are in.said po-

sition and the first mentioned lever is de-
15 pressed. - ‘

14. In a coding and decodin machine, a
. lever, a bar carried thereby, ggsigﬁgfn.aﬁd
bar, a detent and a finger Carried by said

sleeve, a second finger, means whereby said
second finger is normally pressed forward
against said detent, said means including a
rearwardly extending lever forming a part
of said second finger, an_gdiysting screw
and spring means operatively conne id

10

J{j st ‘mentioned finger is held inoperative.
»¢ tntil the ratchet wheel reaches a predeter-
mined position, and means whereby said
30 ratchet wheel is brought into said position,
said first finger being adapted to actuate-the
-ratchet wheel one step when the parts are in
said position and the first mentioned lever is
depressed.
35 15. In a coding and decoding machine, a
lever, a bar carried thereby, a sleeve on §ajg
- bar, a detent and a finger c8ffied by sal
sleeve, a second finger, means whereby said
second finger is normally pressed forward

' 40 against said detent, said means including a

g

| ;\

16. In a coding and decoding machine, &
[{ - plur coge

_ rearwardly extending Tever forming a part

of the sait{ second finger, spring means adg,ptr-
-ed to normally pull said last mentioned lever

iﬁ Yupwardly and said second finger forwardly, a

§¥ code wheel adapted to be engaged by said
second finger, means whereby said fingers are
held inoperative wuntil the ratchet wheel
reaches a predetermined position, and means.
whereby said ratchet wheel is brought into

50 said position, said first finger being adap
to actuate the ratchet wheel and the second
finger to actuate the code wheel one step when
the parts are in said position and the first
mentioned lever is depressed. -

ality of ‘wheels, a plurality of
t wheels, means where ,
Y ratchet® and one of the code wheels are
actuatéd in unison while the remaining code
00 and ratchet wheels remain stationary, and
means whereby the last mentioned wheels are
moved ome. ste
Tived at & predetermined position.
6+ 17, In a coding and decoding machine, a

, \/él / "‘,t' ii{”*[,ﬁj ?i ,

1,688,073

ted wheeld has reached a predetermined position.. 115

p when the_'fﬁtggt,mmd_‘plufa y of ratchet and code whe g, MEANS
ratchet whee] is actuated dffer having ar- ,;)v.'here y the said wheels may be actusted step

7

plurality of ratchet and code wheels, nheans
whereby the said wheels may be actuated step
by step, each of said ratchet wheels being pro-
vided with a plurality of teeth and a periph-
eral portion adjacent the teeth, said periph-
eral portion being adapted to render inopera-
tive the operating means for one code and
one ratchet wheel until one of the ratchet
w_liegelslhas rea&hed a Ig'egeterx_nined p(igition.
. In a coding and. ggdm.gk_l.m’ achine, a
plurality of ratchet "iiﬁ(f%ode wheels, means
whereby the-said wheels-may be actuated
step by step, each of said ratchet wheels be-
ing provide(i with a (f)lurality of teeth and a
periphieral portion adj
tending to the outer feripheral edges of said :
teeth, said peripheral portion being adapted 3/}
to rerder inoperative the operative means
for one of the code wheels and one of the
ratchet wheels until one of the ratchet wheels
has reached a predetermined position.

19. In a co and decoding machine, a
plurality .of ratchet and code wheels, means
whereby the said wheels may be actuated step
by stap, each of said ratchet. wheels being
provided with a plurality of teeth and a
periplieral portion adjacent the teeth and ex-

™
y

70

75

90

of saifl teeth, said 3 ng
adapted to render inoperative the operative' 95
meand for one of the code wheels and one of

the ratchet wheels until one of the ratchet, /-
wheels has reached a predetermined position,~ 1

said peripheral portion being provided with
I ch, which notch permits the operative 100
M ‘for the remgining ratchet wheel and
code wheel to become effective when the said
operative means is adjacent the said notch.
20. In a coding and decoding machine, a
pluraljty of ratcget and code wheels, means 105
whereby the said wheels may be aetuated step

wheeld against movement after having been
Y each of said ratchet whepls being

actua _ 15 e, -
with a plurality of teeth and a 11b-

provi

?gerip ral portion adjacent the teeth, said .- ./

apge: being adapted to render inoperative
‘the operative means for one code w&iaand" :
one rgtchet wheel until. one of the ratchet

2l. Ina codtlgg and. decoding machine, a
pluraljty of ratchet and code wheels, means

whereby the said wheels may be actuated step

by step, each of said ratchet wheels being :
provided with ¢ -gix togth and & periph- 18§ ‘
eral pertion adjacent ti Bth, said periph- /
eral pqrtion being adapted to render inopera- v
. tive operative means for one code wheel

and onp ratchet wheel until one of the ratchet

wheelg has reached a predetermined position. 128
99, In a coding and decoding machine, 8

i, ench of said ratchet wheels being pro-
vided with twen'gfsix teeth, and & peripheral 130

acent the teeth and ex- 80 _

tendiilg: toward the outer peripheral edges ?
peripheral portion beng ¥,

‘by step, means adapted to hold said ratchetl}/d |

A)
i

el
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portion extending to the outer periphery of

said teeth, said peripheral portion being
» adapted to render inoperative the operative

, means for one code wheel and one ratchet
» 6 wheel until one of the ratchet wheels ha:

L reached a predetermined position.

e~ 23, In a coding and decoding machine, a

’ plurality of ratchet and code wheels, means
whereby the said wheels may be actuated step

10 by step, each of said ratchet wheels being pro- g

~ vided with agluralityaaf teeth, and a periph-
-eral portion :a§ja¢
eral portion Peilg:¢
tive the operftivgiriy
16 .and one ratchiet wleel, until one of the ratche
ogched a predetermined positioy,
and means wlereby said ratchet wheels age
held in position after having been actugpte
said means ng a sp DLASSe

'3. teeth, said periph-
bledl to render inepera-
iens for one code whee

\ | :,:,o atcne wheels
> In a coding and decoding machine, a
lever, means whereby said lever may be actu-

ated, a bar and a shaft carried by said lever,’

2 a ratchet wheel provided with teeth and a
geripheral portion, s~id peripheral portion

aving a notch therein, a finger carried by said
- bar.and adapted to engage said teeth to rotate
. said ratchet wheel, a finger carried by said
30 shaft and adapted to normally rest against

. said periphera portion qntil said notch en-

. gages a point adjacent-said-fimpercarried by

10 shaft, meang whereby Jhe latter finger is

_ then forced iy i 3 {hereby partial-

g turning sy on said bar-e

. i iﬁ-_' HIYO g -cete EPDY Sald sleéve,
‘A - a second fifger cgffedfby said shaft, an

S h. - adapted to pormally pubss against the finger

Co ... on said slepve, but to relieve the pressure

: . CP when the s§id shaft is turned, a code wheel,

- .+ asecond fingrer on the bar and means whereby
;- > - said second finger on the bar is prossed against
P iphegy of said wheel when the second
S b shaft moves away from and re:
‘. & lieves the pressure on the finger of the sleeve,
i -~ said second finger on the bar being adapted-

i _to actuate the said code wheel when the parts’

- are in this position and the lever is actuated.
-~ - 95, A coding and decoding machine com-
.3..prising a pluralily off&de wheels, a pdurali-
..ty of elegtrical ggnducors passing through
each code\wl\L % Sltfality of circuits oper-:

; atively co  with each eonductor pass-
ing through thé\code wheel, one of said cir-
cuits being used When coding and the other

of said circuitsibding employed when decod-
2. A codmi and- decoding miachitie-com-
. prising a plurs tg of keys, switch means
b actuated by said keys, a plurality of code

v}hegls, a plurality of electrical conductors
~ " passing through each code wheel, a plurali-
5; of circuits operatively connected with

-+ said switch means and with each conductor
passing through e cog 510018, one of said

SR

AtehtS pals in & slidable plate, and means whereby ss

T ~ o
663,073 A -2
Htggr_ﬂh S | ,

used when coding and the
Wd_circuits being employed when
decoding,/and means whereby the operator
gltively bring either of said circuits

TR 10
: coding and decoding machine com-
iig a plurality of keys, switch means ac-
ed by said keys, a plurality of code
wheels, a plurality of electrical conductors
ing through each code wheel, a plurality yg

T circuits operatively connected with said
switch means and with each conductor pass-

ing through the code wheels, one of said cir-
cuits.befng used when coding and the other

of said circuits being employed when decod- go
inF, and means whereby the operator may .-
selectivaly bring either of said circuits into

', Yoperation, said last mentioned means con-

sisting of terminals in a fixed plate and termi-

the last-mentioned terminals may be brought
into-confact with either of two terminals on /
the fixed plate. S :

28. Ini a coding and decoding machine, a
plurality of code wheels ha.vin%‘electric con- 90
ductors extending therethrough, a slidable
_plate having electrical conductors extending
t erethrgu y a_moxable plate having elec-
trical cénductors extending thersthrough, A
means whereby said movable plate may be 95 A
shifted to either of two contact itions, !
one of said positions being the posi-

ion and the other being the decoding posi-

on.
29. In a coding and decoding machine, & 100
plurality of code wheels having electrical
conductors extending therethrough, & slid--
able plate having electrical conductors ex-
tending therethrough, a movable plate hav- '
ing elecfrical com%uctors extending there- 105 /7
thrpuﬁzx, .means whereby said mo&_cg_glgg/'— A
may be shifted to either of two comtact po- -~
sitions, oge of said positions being the coding- ~ -
"position and the other being the decodi
gdsition,?the conductors in the coding wheel 110
orming* part of the electric circuits when

the movsgble plate is in position and

a part of the other electric circuits when in
decodingiposition. . . . R
80. A ¢oding and decoding ma com- 11§
prising al series of keys, switch means actu-. | |-
.ated by spid keys, g plurality of code wheels ./ ;'
s’dag)te& 'be traversed by an electric cur- |\’
rent, meahs whereby a code wheel is actuated /. s '
one step fncident to the operation of any of 180"
gaid keys, means whereby a second code whee '
i rotated one step only after the first-men-
tioned code wheel has made a comnplete revo- -
Tuation, anfl means to conduct the current from,
said switch to said code wheel. 188
81, A cpding and decoding mear:s compris-
ing « serips of keys, switch means con
by said kdys, a plurality of code wheels hav- iy
ing - conductors extending  therethrough, .
> means operating & ood de wheel incident 1g0 °

§
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to the operation of said keys, means to con-
duct the current from said switches to said
code wheels, and means whereby each of said
conductors form a part of a circuit when the
‘message is being coded and a part of another
circuit when the message is being decoded.
- 82. A coding and decoding machine com-

prising a series of keys, switch means actu-

ated by said keys, a plurslity of code wheels

i

: 10 aghpted to be traversed by an electrical cur-
-\ } - pény, means to conduct the current from said
\ A / tswitthes to said code wheels, and means to
YoMy, _"g:\rot-ate a code wheel one step incident to the
2w - % ¥ operation of any key, a second codé wheel
’ % " 16 being rotated one notch only after the first
o code wheel has made a complete revolution, a
o _-third code wheel being rotated one notch only
N ,h after the second wheel has made a complete
" 3 revolution, and so on for as many code wheels

20 &2 may be employed. : '
83. A coding and decoding machine com-
prising a series of keys, switch means actu-
g ated by said keys, a plurality of code wheels
4 ., adapted to be traversed by an electrical cur-
\g\ 28 ‘vent, means for conducting the current from
W, snid switches to said code wheels when the
o wl machine is being used for coding a message
'\3{‘/ and other means for conducting the current
, . \ from said switches to said code wheels when
/\“»@. % 380 the message is being decoded, key levers ac-
oy tuated by the said keys, means actuated by
‘ \" said key levers to actuate the code wheels
. step by step so that said means will causethe
&A‘} 85 tion only after one of said code wheels has
"\%i )C\ ‘\rlotated as many times as the number of steps
L% v
SR
‘ 40

said code wheels'to assume their initial posi-

thereof raised to the power equal to the num-
ber of code wheels employed.

84. A coding and decoding machine com-
prising a series of keys, switch means actu-
ated by said keys, a plurality of code wheels
adapted to be trgversed by an electric cur-
rent, means to conduct the current from said

witches to said code wheels, and a '

/ 4 core-i -
Lfgmatinﬁ % ns adapted to be controlleg!Ey suh

r\¥i-“\ ﬂ(’ R

a !&X '
(AN
R bo having contacts thereon ;
‘ 55 adapted to contact with either said direct
contacts or said reverse contacts. 2
- 86. A code machine comprising a series of
3\ke:,m, switch means operated by said kegz a
V-

8. , T
. A coding machine comprising a series
a plurality of code wheels, a stationary % rd
a plurality of direct conditioned contacts on
said board, a plurality of reverse conditioned

"N\ plurality of code wheels adapted to be
ersed by an electrical current, means to con-

® Aduct a current from said switches to said

code wheels, means to reverse the direction of
through code wheels .8 bar

the current said

-each of said conductors forming a part of an

" ¢o

ecessary to make a complete revolution

of keys, switch means operated by said keys,

contacts on said board, a_movable contact .ing eact \
ing ' such that each member is brought into series

1,683,072 -

bar, fingers mounted on said levers, said fin-
gers being adapted to engage said code wheel
to rotate the same, :

37. A coding and decoding machine com-
prising a series of keys, levers actuated by 7o
said keys, switch mepns actuated by said g
levers, a series of rotatable code wheels adapt- AU
ed to be traversed by an electric current,/ V"' .
means to conduct the current from said |’ it
switches to said code wheels, code wheel op- ﬁ LA
erafing means adapted to '
each of said keys comprising a plurality of
means adapted to cause rotation step by ste
of the code wheels so that said means wi
cauge the said code wheels to assume their &n
initial position only after one of the code
wheels lll)aos rotated as many times as the num-
ber of steps necessary to make a complete
revolution thereof raised to the power equal
to the number of code wheels employed. -

3B. A coding and decoding machine com-
priging a series of keys,.switches operated by
said keys, a plurality of code wheels having
eledtrical conductors extending therethrough,/ -

8&

'K .

ele¢trical circuit when a message is being
led and a part of another electrical circuit
when the message is being decoded, and |

megns o i lgxs for rotating a \
c’otfé Wh%d %;‘gﬂ incident to each op- o5
eration of the keys, and other code wheels at
prddetermined longer intervals.
. In a c?Ftogruphic device comprisin

a plurality of language and code characters,
and designating interconnections between' )
cémracbers; said interconnections being

ivided up into a series of relatively

shiftable members arrapfed in groups; mov-

able supports for ss pups; means fory# =% .
moking each of saig / s at relative 105 *~
speeds such that aftfr ol 1t has car-

ried its memjgers ppst Yo¥less than half nor

mope than all saidfintérconnections, the sup-

pott of next lower speed moves one of its -

mejnbers past one interconnection. .
'40. In a cryptographic device comprising a ,
ality.of language and code characters,
designating interconnections betg;gen :
oharactars: gaid inte ons bein

6ach divided up into a series of relative
Ftable members arranged. in-grorps;sov-
Suppe 55id groups; means for mov- |’

‘ fsdid o ports at relative speeds

La¥ i

with substantially a ?omb),a combinations,/ 120
-of members shiftable relative thereto. ’

41. In a cryptographi¢ device comprising'a
rality of language and code characters,
designating interconnections between
characters; said interconnections bei
divided up into a series of relativel

.

m ) J

shiftable members arranged in 4
ups; movable supports for ssid groups;-’
mepns for moving each of said sup at

‘relgtive speeds such that after esch support o

a

\

110 -

b d -1



j

has carried its m t not less than
half nor more tha, id interconnections,
the support of nejt 18wer speed moves one of
its members past pne interconnection.
42. In a cryptographic device comprising '
a plurality of language and code characters,
en

7jaid characters; said int4
+ ‘pach divided up into A
7shiftable members 4
‘oups ; movable syppo

tivel
ndom
id groups;

L

51, Ineaiis” for-meving feac

: Kv relative speeds sug] atiér each support
{4 - has carried its. Members past. not less than
15 half nor more than all said interconnections,
. the sup]iort of next lower speed moves one of
its members past.one intercontiection.
43. In a c?ngraphic device comprising
a plurality of language and code characters,
) and desighating interconnections between
~said characters; said interconnections being -
j ieach divided up into a_series of relatively
1 shiftable members arrap¥ed in groups; mov-
. ;éable supports for said/g s; said supports
{bei ; opf yoving each
yel s such that
port /has €artied its members
past not less than Half nor more than all said
. ginterconnections, the support of next lower
- ’ao‘speed moves one of its members past one in-
.. tterconnection. -, o ' ,
4') 44. In a cryptographic device comprising a.
5 ({ plurality of language and code characters,
v . . > . :
NV and designatjng interconnections ‘between
"+ 3% said charactefd; sgid interconnections being
¢ o a)series of relatively
igkd in groups; mov-

Aupports at relative speeds such-that
of eac suﬁport_has carried its members
gt not less than half nor more than all said
preonnections, the support of next lower
d moves one of its members past one in-
greconnection. - SR :

. {46. In a cryptographic deyice comprising a
phrality of language and code characters,
arid designating interconnections between
conpgctions being
of  relatively

': I?.\

ftable members arghngd infirgbups; mov-
table supports for said grifipg; #hid supparts
being intgrchangeahle; gneans for movin,
} each of said s'u'pg

f at Telative speeds such -
A gort has carried its mem-
ISANE not les; half nor more than all
.7 paid interconnections, the support of next
.- lower speed moves dhe of its members past -
|, omsinterconmection. ' ©"
*=743, . 46. In a cryptographic device comprisin
R ﬁ?‘urtmy of langyfge and code charac&ersg;
~ 'and  desi g In pections “hetween
..~ said characters; said § gnections being
. each divided up ipto

g ts of relatively
65 shiftable members prrafiged in groups; mov-
, NN
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able supports for said groups; sai

ing i ihle and i ngeable; means
for moving each- of saifl supperys at relative
speeds such that after jeadh eppbort has car-
ried its members past not-Te an half nor
more than all said interconnections, the sup-

n port of next lower speed moves one of its -
connections being “n\embers past one interconnection.

igs of rela .
! rand

7. In a cryptographic device comprising
a plurality of language and code characters,
and designating interconnections between

s.at—6aid characters; said interconnections being

each divided up into a series of relatively
shiftable members arranged in groups; rela-
tively movable supports for said groups, and
means for moving said supports at deﬁni?_
relative speeds; said last included means be-
ing adapted to permit independent movement
of o1t to adjust the phagé Telation be-
tween sa1d supports. T
—"48. Th a eryptographic device comprising
a plurality of language and code characters,
and designating intereonnections between
said characters; said interconnections being
¢ach divided up into a series of relatively
shiftable members arranged in groups; rela-
tively movable supports for said groups, and
means for moving said supports at Eﬁﬁngﬁ
relati gds; said last included means
ing adapted to permit independent movement
of any said supports to adjust the phase rela-
tion between said supports.

49. Inac¢ f)tographic device comprising

anguage and code characters,

a plurality o
and desigrating interconnections between
said characters; said interconnections being
each divided up into a series of relatively
shiftable members arranged in groups; rela-
tively movable supports for sai ups, said
supports being tran:
moving said supports at defini

speedg; said last included means being adapt-

d to permit independent movement of a sup-

port to adjust the phase relation between.

supports, ' Ry -
- 50. In'a e?ftographm device comprising.
a plurality pf language and code characters,

i e

‘and - desigmating interconnections between

said characfers; said interconnections being
each divided up into a series of relatively
shiftable members arran
in groups of one member from each intercon-
nection, revplvable supports for said groufs,‘
and means including ratchet mechanisms for
revolving sdid supports. -

1. In a r?ptogra.phlc device comprising
a plurality of language and code characters,
and. designpting interconnections between
said gharacters; said interconnections being
each divided up into a series of relatively
shiftable members arranged perimetrically
in groups of one member from .each inter-.
connection, - revolvable supports for said
groups, and’ means including cam-controlled
means for revolving said supports

11

e; and means for

70
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perimetrically 7 ™ .
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52. In.a cr ptographic device comprising
a plurality of language and code characters, in
and designating interconfections between
" said characters; said intérconnections being
each divided up into a series of relatively

in groups of one member from each inter-
connection, revolvable supports for said
groupy, and means including cam-controlled
ratchet mechanism for revolvmg said sup-

ports.
53. In a c tographic dev1ce comprising
a plurallty anguage and code characters,

Ut C"’“T
and designating interconnections ‘between

-#\15 said characters; said interconnections being
3 each divided up into a series of relatively
shiftable members arranged perimetrically
in dissimilar groups of one member from eac
interconnection, revolvable supports for said
20 groups; said supports being symmetrical and
.1 alike to permit inversion and interch
# thereof; and cam-controlled ratchet m
anism ad] usted to move saxd supports at ol
tive speeds such” that given suppert
5 jioves oﬂone step wEu e e support of next
d m fion.
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' shiftable members arranged perimetrically
| -advanced one ste

me».{xlsl
- driving means controlled by said one wheef

' . In a cryptographic m ghine, a plural-
4 ity of code-changglrg code; )y ’means for
rotatmg said ybfels i Jrelative

meaps controlled by said aecopd wheel for
- rotating a third code wheel 61 stép per fnll
revolution of said second wheol.
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speeds and means for independently mov- 30
of said wheels to adjust their phase s
e a5t1011:1 hi hi; lural- ()
b a cryptographic machine, & plura i’ S
ity of code-changing code wheels and means % ¥ J‘ v b
for rotating said code wheels at determinedly 35 Ji" /"
diffrent speeds such that each code wheel 15 ' {
aftér the code wheel of 3§+

next higher speedll)ms completed not less thaw*""" :
a half nor more than a £
graphic machine, a plural- 0!} Y

ity of code-changing code wheels, means for q
rotating one of said code wheels, means for
rotating a second code wheel one step per
full revolution of said one code wheel, and.
means for rotating a third code wheel cne
step”per full revolution of said second code
wheel. :

57, In a cr{lptographlc ma»chme, a lural-

ity of code-changing code wheels, vmg
for rotating one of said code wheels.

for totating a second ¢ode wheel vne step per\
full revolution of sa.ld one wheel, mdﬂnvmg

6 /‘f‘?’(/%f}.

O // Y £

.. }\g 3{; FE

/ i A Ao

Pra
-

773 / el

74/'3‘ z,{‘/)

B!

g

P
A

s £ u

L '

i
N
P g W
P '4/ i :’ f;ﬂ‘:’l,‘ ;-




