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The object of this invention is to provide new and useful improve-
ments in cipher machiﬁes or cryptographic mechanisms utiliziﬁg rotatable-
commutators fqr encipheringia plain—languagé mgssage'by Whét is commonly
known as & process of substitution, the latter being accomplished in a

systematic manner so that the process of substitution may be-automatically

" reversed in-deciphéring such an enciphéred message, thus recovering the

original ﬁléin—language message.

In the cryptographic mechanisms referred to there is usuelly provided

'a keyboard of the typewriter type, which controls a set of switches

corresponding to message characters, and a set of signaling devices which
may consist of a bank of giow lampé or magnets to indicate the.message
characters resulfing from operation éf the keyboard. The set of switches
of‘the keyboard and the set of signaling or inﬁicating devices are connected

to each other electrically by circuits and ‘apparatus by means of which the

. aforesaid substitution is accomplished.

The cryptographic principle of such'cryptographic mechaniéms; which

will hereinafter be termed simply;cryptographs, is,baséd on the establish-

‘ment of a p}urality of electricgl circuits or‘pathsibetwéen.the keyboard
switches and the indiéating déyices throﬁéh commutators of a gpecial type

now well known in the art. Tﬂese'commutators are construcﬁed in the form

-of flat disks béaring an annuiar set of contacts on each face,.individual
contacts of one face being éonnected by insulated conductors passing through
the disk to individual contacts of fhe other face in an arbitrary mannef.

'In the literature of cryptograephy such commutators are called "cipher wheels",

"coding cylinders", and the like; but, for purposes of greater clarity in

description they will hereinafter be referred to as "substitution commutators.”

In a single cryptograph there may be several such commutators juxtaposed eon

a common shaft. Thus, when more than one substitution commutator is used,

j

the cipher letter obtained upon dépressing a key of the keyboard is the result

of the passage of an electrical current along a complex path set up through
_8ll the juxtaposed substitution commutatofs; this path being composed of as

many sub-paths joined sequentially as there are commutators.
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Cryptographs of the foregoing descripﬁion may be divided into two
categories. Into one category may be placed all cryptographs having one or
more substitution commutators rotatably mounted on a shaft between two fixed
end plates, each end plate bearing an amnnular ring of contacts, the latter
being so_disposed a8 to coincide exactly with the contacts on the faces‘pf the
substitution commutators. In cryptographs falling into this category the keying
switches of the manually operated keyboard are connected to the contacts of one
of the end plates, ﬁhi;e members of the bank of indicating devices are connectéd

of twice as manmy contacts as there are keys on the keyboard
to the contacts of the other end plate. Also a reversing switcg/is provided,
which enables the operator to interchange the connections betwcen the two end
plates, the bank of indicating devices and the keyboard switches so as to pro-
vide for enciphering and deciphering equivalency. Into the other category may
be placed all cryptographs having a single end plate of the ﬁype described.
The latter contacts are, however, connected to the movable members of a set
of éingle.pole, aouble throw switches, the number of switcﬁes being the same
as the number of contacts provided on the end plate, and so constructed that
tﬁe switches are controlled by the keys of the manually operated keyboard.

Adjacent to the above-described end plate: are mounted one or more substitution

éommutators, the final commutator, that is, the one most remote from the end

' plate, being what is hereinafter described and referred to as a "reversing

comautator™, The purpose of the reversing commutator is to return a current

entering the commutators at one contact on the end plate to some other contact
thus comes

on the same end plate; he current xwmokeg into the reversing plate via one

, returns '

complicated path through the ccamutators andl;xtXXNXxg t> the end plate along

another path through the commutators. Thus, in this category of cryptographs

enciphering-deciphering equivalency is effected without the use of a reversing

switch which is necessary in cryptogravhs of the first category.

In both categories of cryptographs it is usual to provide means for angularly

displacing or rotating the commutators, the reason for which will be briefly

discussed. If, in cryptographs utilizing substitution commitators of the type

described, no provision is made for their angular displacement during the course

.of enciphering a plain-text message, the resulting cipher text will be mono-

alphabetic in character; that is, only one substitution alphabet will have been
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used in the entire encipherment. It is a well-known fact that such

monoglphabetic cryptograms offer little resiétance to cryptanalysis,
and, in order to ‘increase the crypipgraphic security of such cryptogranms,
factors other than mere change of alignment of the substitutiqn commutators
from message to message must be incorporated therein. Heretofore several
ﬁ&pes of cipher machines have been invented in which éne-or_more of the
substitution:éommutators are -rotated step by‘step with the encipherment
or decipherment of éach letter, but in a regular and/or meter-like manner.
Such cipher machines provide a considerable increase in cryptographic security
(that is, resistance to cryptanalysis) over those cipherlmachines in which
no angular displaée@ent of the substiﬁﬁtion commutators takes place, but still
not sufficient to insure éractical indecry?tabiiity for cryptograms producéd
by their use. This is because the latitude of vafiability offered by the
substitution commutator displacemeﬁt mechanism is limited and all forms
thersof may be readily reconstructed from a model of the ciphér’machine.

It is the objeét of this invention to provide a méans of effecting the
angular displacement or rotation of the.subsiitutioﬁ'¢ommntators in an

irregular, completely aperiodic manner, thereby greatly increasing the resist-

" ance to cryptanalysis of cryptograms enciphered by cryptographs of the'type

described.

A basic feature of the invention is the érovision of methods and means
for controlling the angular displacements of-the substitution commutators
by electrical circuits whichlaléo pass through rotatable commutators. vThe
latter thus constitute, in effect, commutatérs for the control of the
substitution commutators; for sake of brevity and ciarity in description,
comnutators performing this function of controlling substitution.commutatqrs
will hereinafter be designated simply as "control commutators". Several
specific embodiments of the basic invention will be described. At this point
it will merely be mentioned that the control commutators may form an inde-

_pendent unit physically separate from the substitution commutators but
electrically associated with the latter; it is possible, however, to make

one and the same set of commutators serve both as control comnutators and
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substitution commutators, there being provided associated means designed to

keep the control functions electrically separate from the substitution functions.

The several different embodiments of the invention and the modes of
operation of the various forms are explained in this specification in detail
sufficient for comprehension by those skilled in the art. The explanation is
made in comnection with the accompenying drawings, Figs. 1 - 6.

Fig. 1 is a schematic diagram of the simplest embodiment in which there
is shown a first set of commutators for performing substitution functions gnd
a second set of somewhat differently constructed commutators for performing
control functions, together with the associated circuits and contécts for
pcoper'operaticn of the cryptograph. Fig. 2 is a schematic diagram of a set
of commutators also designed for performing control functions but in this
case these commutatcrs are similar in cocstruction to the sucstitution commu-~
tators. Fig. 3 is a schematic diagram of another embodiment in which a single
set of double-ring commutators of novel construction performs both functions
of substitution and control. Fig. 4 shows a front and side elevation of one
of these double-ring commutators. Fig. 5 is a schematic diagram of another
embodiment in which a xomcie set of double-ring commutators is arranged with
associated switching mechanism so as to perform both functions of substitution

and f r computator. 6 is a schematjc
diagfggtof Zno Eggugmb igggtoinaw foh Siggle3¥? acommuta%%rs are useq for %his

purpose, one commutator being.a reversing commuta
P felerring no: sowcil R b Iy w2 rig. %, c.,JP'*~ Jesignated by the muisers

to 4, inclusive, are substitution commutators of the normal type hereinbe. ore
described, in which there is a single ring of 26 contacts on each face, the
contacts on one face being connected irregularly to the contzcts on the other
face. Commutator 5 is also a substitution commutator, but differs from the
others in that only one face of the commutator bears a ring of contacts, the
latter contacts being.interconnected irregularly in pairs. A current entering
one contact of the single ring of contacts is merely carried along on insulated
conductor to some other contact, from which it emerges from the commutator. In
other words the current enters the commutator at one contact and leaves it at
another, on the same face of the commutator. This is a commutator of the type
referred to above as a reversing commutator. Commutators 6, 7 end 8 are control

commutators of which 7 and 8 are similar in principle to substitution commuta-

tors 1 to 4, except that they have only4s1x contacts 1nstead of 26 in a ring
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on each face; commutator 6415 a reversing commitator and is similar in principle
to reversing commitator 5, except that it has onmly six comtacts instead of 2.

The substitution commutators are mounted upon a coumon shaft 20 upon which
' the& may.be'independently angularly disolaced stepwise 1/26 of a revolution,

bearing plate 302 the latter
between fixed end plate: 301 and/x% XX serving merely as a retainlng

plate and havlug no contacts or conductors u;thin ;t. The»commutators are’
oeparated by fixed piates 305, 306, 307, and 308 which bear fings of 26 contacts
'suitably'dispoéed,fof'bridging petweeu succéssive.commutators, in order to
‘provide for electrical continuity from one coumutator to its next adjacent one.
The contacts in these separator p}ates’arevbali-bearing spfing contacts exerting
sufficient outward pressure to insure gooo contact. The control commutators
are mounted upon the same common shaft 20 upon which they may likewise be an-
-gularLy displsced stepwise 1/6 of a revolutlon, between flxed end plate 304

bearing plate 303, the latter = .
aug/~, . KOXXXXRE serving merely as a retalnlng plate. 309 and 310 are

scparatora SLmllar in construction and function to separators 305 uO 308
except that they have rings of but 6 contacts. The motion of the three control
commutators is meter-llke, commutator 8 being moved 1/6 of & revolution for
»leach,character 01phered,-commutator 7 belngvmoved 1/6 of a revolutlon per com-
plete revolution of commutator 8, and commutator 6 being moved 1/6 of a revo-
lutlon per complete revolution of commutator 7. This set of three commutators
has a comglete poriod (return'to an inltial position) of 216; that is, after
216 characters have been enciphered or deciphered the commutators return to
their initial relative rototory positioné. The means for moving these commu-
‘tators-will be describod presently. 9, 10, 11, 12; and 13 are magnets, here
termed substitution-commutator selector magnets, Whichjwhen energized, deter-
mine which of the substitution commutators 1, 2, 3, 4 and 5 are‘angularly
ulsplaced either by acting directly on the commutators or by releasing an
.actuatlng mechanism wh;ch acts directly on the commutators. 14 and 15 are
two of a set of twenty-six.indicating devices such as glow lamps or magnets
for operating a pfinting mechanism, such indicating devices being well known
in the art. Each indicating device corresponds to a letter of the English

alphobet. 18 and 19 are two of a set of twenty-six single-pole, double-throw
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switch levers operated by the keys of a typewriter keyboard. The keyboard
is also provided with a universal bar 44, which controls switch lever 17,
the functions of which will be described later, and it also controls switch
lever 117 and contact 45, which control magnet 31, the latter serving to
displace commutator 8 one step per depression of any key of the keyboard.
When commutator 8 makes a complete revolution, it closes contact 32 which
cbntrols magnet 33, the latter serving to displace commutator 7 one step
per 6 depressions of keys‘on the keyboard. When commutator 7 makes a complete
revolution it closes contact 34 which controls magnet 35, the latter serving
to ‘displace commutator 6 one step per 36 depressions of the keys of the key-
board. Contacts 32 and 34 are operated by rollers on spring levers. These

rollers normally ride upon the peripheries of commutators 77 and 8, but at a

- certain point oh each commutator there is a transverse slot which allows the

roller to drop sufficiently to close the contact concerned. Of course, these
three commutators could be displaced mechanically, by means of ratchets and
pawls and direct control from the universal bar of the keyboard. To the right
in Fig. 1 is shown a side elevation of fixed end plate 304 which adjoinsi
céntrol commutator 8 on the exit face of the commutator. The whole lines
'show the conductors leading away from the 6 contacts on the right side of the
the dotted lines show the conductors leading from the left side of end plate 304
end plate 304y/into commutator 8. N

Having now particular reference to Figure 1 with a view to giving a
complete description of the action of this form of thelinvention, the sequence
of events which transpire during the encipherment of the plain-text letterswill
be related in detail. In erder to encipher a message, it is necessary first fo
mount the commutators upon the shaft according to some prearranged order, it
being obvious that commﬁtators 1, 2, 3, and 4 may be intercﬁanged in position
amongst themselves, and commutators 7 and 8 may be intefchangea; commutators
5 and 5 must remainin the positions shown, since they_are reversing commutators
and cénnot be replaced by the other commutators or by éach othér. Next it is

necegsary to align the several commutators, as regards their relative rotatory
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positions upon the shaft, according to a prearransed key. After all this
main power

has been accompllsheo&/Evitch 36 is closed, setting up a circuit as follows:.
' osed conductor 51 _

From bettery 16 LQ};Wlth Eg¢/£ontact lever 17, closed contact 21, conductor

26, .contact 27 on the fixed end platev304, into, through, and out of the
‘control commutator unit via the route through 8, 310, 7, 30%, 6, 309, 7, 310,
¥Xx 8 as indicated to contact %38, thence along conductor 38 to selector me.aet
lO,:copductor 43 and back to battery 16. When magnet 10 is momentarily energized
it causes subsﬁitution commutator 4 to}be'displaceo angularly through 1/26th

of a revolution. The machine is now ready for enoiphering. If the letter A is
| so be enciphered, the key.corresponding thereto is depressed. At the beginning
of its downward travel the universal bar 44 causes contact lever 17 to move away
from contact 21. The key bar A causes COnuact lever 18 to break contact at 46
and to make contact ai 22, setting up a clrcult as follows: From battery 16 m
along conductor 23 tf/gzsgect 22, contact lever 18 and conductor 24 to a comtact
29 in-end plate 301, thence into substitution commutator 1, through the commuta-
tors and separators. l 305, 2, 306 3, 307, 4, 308 into and out of reversing
commutator 5, back through separators and commutators 308 4Ly 307, 3, 306, 2,
305, 1, out at contact 30, return along conductor 25 to contact lever 19,‘
oontact 47, thence to indicating device 14,'which in this drawiog corresponds
to the letter Q, conductor 43, and back to battery 16. At the end of the
ngwnward travel of the universal bar 4L, the latter moves switch lever 117 and
closes contact 45, momenterily closing the circuit for energizing megnet 31.
This causes control commutator 8 to be angulerly dispiaced through 1/6 of =
.revolution. When key 4 is releasea, the univers-l bar 44 is returncd to its
normzl positioo by a retrcetile spring end confect lever 17 returns to contuct
21, reestablishing the circuit from battery 16, .switch-36, lever 17, comteet 21,
conductor 26 to comtact 27 of fixed epd nlote BOA.xkxxxx‘bue to the angular

“ the current will now

displacement of control commutator Sa/ixsini traverse a new path through the
control unit and back so some other contact of end plete BOA.from‘whence it
passes through one of the selector magnets 9 - 13, to battery 16, causing one
of the substitution commutators to be displaced, and thus providing a new

substitution alphabet for the encipherment of the next plain-text letter.
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The deciphering operation of this machine is the same as the enciphering
operatioﬁ, the enciphering-deciphering relationship being by nature reciprocal.
In setting the machine for deciphering, the same procedure is followed as for
enciphering; that is, the commutators are arranged and aligned at the bench
mark according to the prearraﬁged key and switch 36 is cloéed, whereupon sub-
stitution commutator 4 is angularly displaced as hereinbefore described. The
key corresponding to the'ciphef.letter Q@ is depressed, which causes contact
lever 19 to bresk contact at 47 and to make contact at 42 causing current to

closed contact 42,
flow from battery 16 through conductor 23,/contact lever 19 and conductor 25
to contact 30 on end plate 301 of the substitution commutator unit. The current
passes into and through the latter along one path and returns along another
pgth as described before; it emerges at contact 29 on end plate 301 and flows
along conductor 24 to contact lever 18, closed contact 46, to indicating device
15, which cérresponds to the letter A. The universal bar 44, operated by the
depression of the key corresponding to the letter Q, closes contact 45 at the
end>of its downwérd travel and causes control commutator 8 to advance. When
the key corresponding to the letter Q is released, the universal bar 44
returns to its normal position, caﬁsing contact lever-17 to reestablish contact
at 21 thereupon causing a substitution commutator to move forward, as described.

In Fig. 1 the control commutators were provided with rings of but six \
contéct surfaces on ﬁachAface, whereas the substitution commutators were pro-
vided with rings of 26 contact surfaces. There is, however, no reason why
the substitution and the control commutators should not be identical in this
regafd, thus providing for their interchangability and gregtly increasing
the keying possibilities of the cryptograph.

In Fig. 2 is shown how the homologous elements of Fig.-1 may be modified
to accomplish this effect. End platé 304 and the commutators 6, 7, 8 now
bear rings of 26 contacts instead of rings of only 6 contacts. Céntact R7
remains a single contact for the entrance of the current into the control
commutators, leaving 25 contacts on end plate 304 for the emergence of the

current from the control commutators. These 25 contacts are then joined in

5 sets of 5 contacts each, to the five conductors 37, 38, 39, 40 and 41.
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Other groupings in respect to the numbers and identities of contacts con-
stituting each of the five groups may be preferable, or this may be subject
to variation, according to a key.

The arrangement shown in Fig. 2 provides a sequence of keying impulses
which will not begin to repeat until control commutator 6 has made a complete
revolution, or after 26 x 26 x 26 = 17,576 depressions of the universal bar,
corresponding to the encipherment of exactly 17,576 letters of plein-text.

.Due to the irregular manner in which the internal connections of the control
commutators are made, the substitution commutators will be caused to rotate
through unequal angles, so that when the second cycle of the control commutator
unit is begun,>the alignment of the substitution commutators will differ from
its initisl alignment. As a conseguence of this new alignment of the substitu-
tion commutations, the period of the sequence of selection of substitution
alphabets will be greater than 17,576 by some multiple of that number, depeﬁding
upon the Wiring of the three control commutators aznd the manner in which the
contacts of end plate 304 are comnected to the selector magnets. This substitu-
tion period is therefore one of tremendous length.

A third form of the invention is schematically depicted in Figure 3. From
a cryptographic standpoint the essential difference between this form and the
first described form lies in the utilization of a single commutator unit, which
serves both as a substitution commutator unit and as a control commutafor unit,
the two functions being performed by independént, concentric rings of contacts
borne on the same commutators. In Fig. 4 there is shown & side view of one
such commutator. In this figure there is on each face of the commutator an

for the sake of clarity,
outer ring of 26 equidistant contects, of which,/only six indicated by numeral
48 are shown, and a concentric inner ring also of 26 equidistant contacts, -of
which only six indicated by numeral 49.are shown. The coﬁtacts 48 of the outer
ring on one face are irregularly connected by insulated conductors 50 to the
contacts 148 of the outer ring on the other face. Similarly the contacts 49
of the inner ring on one face are irregularly connec£ed by iﬁsulated conductors

150 to the contacts 149 of the immer ring on the other face of the commutator.

The two rings are therefore entirely independent of each other, though they
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are both carried on the same commutetor. Commutators of this type will

C‘k‘.

" hereinafter be termed double-ring commutators.
Reference is now made to Fig. 3 in whicﬁ this embodiment of the invention

1 also shown merely in schematic form. 101, 102, 103, 104 and 105 are double-
ring commtators mounted on & common shaft 20, separated by separators 305, 306,

307, and 308. Means are provided to cause the commutators to be closely pressed

against one another so that positive eleectrical contact may be madé between
‘ aﬁjoining commutators and separatoré and between commntatbr 101 and énd.plate
S 301. A aideigievation of end plate 301 is depicted at the ieft in Figure 3,

showing the connections between the contacts thereon and the selector magnets 9,
10, 11, 12, and 13. The dotted line through the commutators 101 to 105 indicates
the path of the curreﬁt through the inner rings of contacts while the continuous
line marks the path'through the outer ring of contacts.

The sequence of events during the encipherment of a letter is as follows:

When main switch 36 is closed, at the commencement of operatiom, a circuit is set
up a8 follows: From battery 16 ﬁhrdugh closed"main'switch.36, conductor 51, con-
tact lever 17, conmtact lever 17, closed contact 21, conductor 26; inner-ring
contact 127 of end plate 301, into commutators 101 to 105 and out ofAthem along
broken-;nne path to another mef-ﬁng contact 128 of end .plate 301, thence
along conductor 38, through selector maénet'lo, along condncfor 43, back to
- battery 16. Whén selector magnét 10 is momentgrily energized-it causes com-
mutator 104 to bé angularly displaced 1/26 of a revolution, thus setting up a
path through the commutators for enciphering the first letter, say letter A.
When key A is depressed, universal bar 44 is caused to move downward, moving
contact lever 17away from contact 21 aﬁd~allowing current to pass from battery
16 along conductor 23, through closed contact 22, contact lever 18, conductor
24, outer-ring comtact 29 of end plate 301, into the commutators through which
it follows the continmuous line and returns via outer-ring conmtact 30 of end
plate 301, conductor 25, comtact lever 19, closed comtact 47 to indicating
device 14, conductor 43 and back to battery 16. After the letter Q, corres-
ponding to indicating device 14, has been recorded, key A is released and
breaks comtact at 22, at the same time allowing universal bar 44 to return to
‘its normal posltion. When ﬁniversal bar 44 returns to its normal position
'céntact 21 13 closed reestablishing a circuit through the inner-ring contacts

- 10 -
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 of the commutators. But ‘commutator 104 having beec displaced an entirely
new path through the coﬁmutators is now available for enciphering the letter A,
if it is again to be enciphered. | |

The decipherment of the letter Q takes place in an analogous manner.

The machine having been reset to the key, -

~ _/the closing of main switch 36 as before causes a current to flow through one
‘of the inncr-ring contacts to selector magnet 10, moving commutator 103 one
étep forward. Depregsion of key Q establishes a circult as follows: Battery
16, closed switch 36 conductor 23, closed contact 42, contact lever 19,
conductor 25, outer-ring contact 30, thence along the continuous line into,
through and back through the commutators, emerging at outer—ring contact 29,
conductor 24, contact lever 18, closed contact 46, indicating device 15, cor-
responding to the letter A, conductor 43, back to battery 16. When key Q |

A is released universal bar 44 returns to its normal position and again a
circult is established through the inner—rlng contacts of the commutator._
But since commutator 103 has been displaced, a new path 1s-now availlable for
deciphering the 1_ettér Q 1t the Q key is again depressed.

: The period of the sequence of ‘alphabet selection produced by this arrange-
ment is variable and will depend upon four variable factors, namely (1) the
wiring of the inner rings of contacts of the double-ring commutators; (2) the
'horizontcl permutation of these commutators on the shaft; (3) the aligﬁment of
the commutators and (4) the manner in which the inner ring of contacts on end
plate 301 are connected to the selector magnets.

In Fig. 5 the invention as regards double-ringAcommutators to perform
substitution and control functiocs is embodied in a cryptograph of the first
category as briefly described in general tercs in the first part of this
cpecification. It will be recalled that in cryptographs of this category,
there are two end plates of identical comstruction and é reverging switch
which, when set in the enciphering position, connects the switches of the key-
board to the contacts of one of the end plates, say the right-end plate, and
the indicating devices are connected to the contacts of the other end plate,
gay the left-end plate; while when set in the deciphering position, the
reversing switch reverses the order of comnections between the switches of
the keyboard, contacts of the end plates, and the indicating devices, so that

the keyboard gwitches are now connected to the left-end plate and the indicating
-1 -
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devices are connected to the right end plate.

Acéordingly in Fig. 5 there is shown a keyboard 52, a bank of indicating

devices 53, a left end plate 301, a right end plate 302, and a reversing :

switch 54, together with other parts homologous to those shown in the pre-

( certain“of the certain of the

{ ceding figures. Only Ali'i& keys of the keyboard and ,\tnm indicating devices of
the bank of indicating devices are shown in circuit relationship, it being

|
understood that the remaining keys and indicating devices are comnected in 1

homologous manner, E
i , ; Assuming that the cryptograph is to be operated for enciphering,’ the %
i

switch 54 is set to enciphering position, which arranges for circuit continuity

| along the continuous lines 55 to 58. The mein switch 36 is now closed and
a circult is established as follows: Battery 16, closed switch 36, conductor

23, universal bar switch lever 17, closed contact 21, conductor 26, inner-ring

contact 127 of right end plate 302, through the commutator unit, to inner-ring
contact 128 of left end plate 301, conductor 38, selector magnet 10, conductor |
43 back to battery 16. Commutator 104 is angularly displaced one step. Key &
is now depressed. The circuit through the inner-ring éf contacts of the com-

mitators is now broken, as universal bar 44 breaks the contact at 21. At the |
| ‘same time a circuit is estﬁblished through the outer-ring of contacts of the f
| commitators, as follows: Battery 16, closed switch 36, conductor 23, contact E
} lever 13 operated by key A, closed contact %2, conductor R4, through the re- i
; | versing switch 54 along conductor 55, conductor 224, éuter-ring contact 29 of i
1 right end plate 302, into and through commutators 195, 104, 103, 102, 101, via !
! their outer-ring contacts, an outer-ring contact 229 of left end plate 301, {

conductor 243 to the reversing switch 54 through the latter along conductor 58,

thence along conductor 343, indicating device 14, corresponding to the letter
Q, conductor 43 to battery 16, When key A is released, universal bar 44 returns %
1 .. to its normal position, reestahlishiné contact at 21. Again a current flows |

| through the inner ring contacts of the commutators, entering at comtact 29 but
i _ now emerging at some contact other than 128 on left end plate'301, since ‘
‘ commutator 104 bas been displaced. A selector magnet is energlzed, and a new
; path is set up for the passage of the next enciphering current if A is again
depresgssed.

- 12 -
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If key Q is depresséd, instead of kéy A, the circult is as‘follows:
Battery 16, closed switch 36, conductor 23, switch lever 19, closed contact
42; conductor 25, through reversing switch alonmg path 57, conductor 325 to
an outer-ring contact 30 of right end plate 302, thence through commutators
ﬁq_an outer-ring contéct 230 of left_end plate 301, conductor 425, through
~the reﬁersinéquitch along path 59, conductor 443 %o some one of the indicating

. devices of 53, say the one corresponding-to lettef Z. In other words, the

_relationship between A and Q is not récipchal, when the cryptograph is set
at the enciphering position, as is fhe case in the precediﬁg fignres.‘ Here
A in plain text gives Q in cipher, bu£ Q in plain text gives Z in cipher.

In order to effect decipherment, the reversing switch 5/ mst be set for
the dec;phering function, This causes the paths through the reversing switch
54 o follow along the dotted lines instead of along .the: contimcus lines. The
operation immediately subsequent, to ciosing main switch 36 is pow;exactly the
same as'before; ﬁhen.the gnciphérment of letter A was described. This is
because .the circuits to the selector magnets g;e‘asseciated with ﬁhe inner-
ring contacts of the commutators, and these contacts.éfe not connecied to any
of fhe céntacta in the reversing'switch 54;  In the first enciphering operation;
the letter A was enciphéred‘by Q. The deciphermeﬁt of Q will now be followed.
Depressing the Q key‘causes univeraal bar 44 to break the circuif at 21, as
before, but the substitution circuit is now partly different from what it was
when key A was depresse@ in encipherment. The circuit is now as followg:
Battery 16, closed switch 36, conductor 23, contact lever 19, closed contact
42, conductor 25, through reversing switch 54 along dotted path 257, condﬁctor
243, outer ring contact 229 of left end plate 301, through the outer-ring
contacts of the commutators to an outer ring contact 29 of right end platé 302,
conductor 224, through reversing switeh 54 along dotted path 255, conductor
225, indicating device A, conductor 43, to battery 16. Thus Q in cipher yields
A in plain language. If key A is depressed instead of Q, the control cir-
cuit is exactly the same as when Q was depressed but the substitution cir-

cult is as follows: Battery 16, closed switch 36, conductor 23, contact
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lever 18, closed contact 22, conductor 24, through reversing switch 54
along dotted path 255, conductor 525 to an outer-ring contact of left end
plate 301. The curreat will emerge at someouter-ring contact of right

end plate 302, thence go to and through the reversing switch 54, and from

there it would go to some one of the indicating devices of 53, the exact
one not being indicated in the figure. In any case it will be the plain-
text letter which was enciphered when the cryptograph was in the homologous

position in the enciphering cycle.

A £ifth embodiment of the invention utilizes single-ring commutators to
serve both as substitution commutators and control commutators by means of a
gang switch of 26 contacts inserted in the circuits through the commutators.

Figure 6 shows a schematic diagram of th$s form of the invention.

Having now particular reference to Figure 6, with the exception of the
gang switch and relays which will be described presently, the elements shown
- therein are similsar in construction and function:with the corresponding elements
shown in thebpreceding figures. Gang switch 85 is merely a device for breaking
one complete set of 26 contacts simultaneously and at tﬁe same time msking
another set of 26 contacts simultaneously. It is operated by magnet 83 and
.assoclated relays. The action of this form of the invention is as follows: At
thé beginning of operation, switch 36 is closed, setting up circults through re-
lays 113 and 114, as follows: battery 16, conductors 23, 111, switch lever 17, (
closed contact 72, conductor 112 relays 113 and 114, éondﬁctor 124, to battery 16:
Relays 113 and 114 are energized, causing armatures 80 and 108 to establish con—- i
tact at 81 and 109, respectively. By means of a mechanical locking arrangement,
once armature 80 has been attracted by relay 113 the contact established at 81.
is locked until released by the action of relay 68; similarly when arqgture
108 of relay 114 has been locked into contact position at 109, it stays
locked until relay 110 is energized.‘ Consequently, although contact 72 must |

be closed in order to establish contact at 81 and 109, after\the latter

contacts.have been established they will remain so even if contact 72’18

broken by depressing universal bar 44. When key A is depressed universal
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- bar 44 causes contact lever 17 to meke contact with contact 21, setting
up the followiné clrcuiﬁ: from source of power 16 through condﬁctore R3,
| lll-end‘contact lever-17, to olosed contact él ;hroughlconduotor 79 and locked
lever 80 of relay 113 to contact Sl, thence through conductor 82 through gang-
switch magnet 83 and conducfors 116, 124 back to.source of power l6. When
gang-switch-magnet 83 is energized, arma%ure 86 is attracted, causing gang-
} sriteh 85 to disengage a lower set of‘twenty—fik eontacts'and.to engage an
_ upper set of ‘tﬁenty-six cOnta'cts. Switch levers.88, 188, 288, 388, 488 and 588
are five of the set of 26 sw1tch levers controlled by gang sw1tch 85; contacts
' 90, 190, 290, 390, 490 and 590 are flve of the set of 26 lower contacts con-
trolled'by the switch levers of the gang switch 85; contactsv9l,‘l9l,‘29l, 39l,
491 and 591 are five of the set of 26 opper contacts controlled by the switch
' levere of the.gang'switch 85. Referring tobcontects 91 and 191, which have
been olosed by energizing gang—switcﬁ magne£”83 asbnoted-above, there_is set
upva-cirouit as follows: from‘source-of power 16- through conducfor 23 to
closed contact 46, (the key & still being aeoressed) tnrough contact lever 18
] and conductor ll9 to closed contact 91, through contact lever 88, and conductor
76 to a contact 29 on end plate 301 commtators and seoqrators 1, 305, 2, 306,
3, 307, 4, 308, and 5. Commutator 5 is a. reveralng commutator, and therefore
the current goes pach through the commutators and separators 5, 308, 4,_307,
3, 306, 2, 305, 1, and returns to end plate 301, emerging at contact 30 on end
plate 301; thence along c0nduotor 84 and contact lever 188 to closed contact
191, through conductor 93, contact lever 19, closed oontact 42 along conduotor
121, to indicating device 14, theoce along conductor 43 to relay magnet 68 and
back z2long eonductor 77 to battery 16. |
When indicating device 14 is energized, a type bar is caused, by means not

is

shown,to print the letter Q, xstoock: which XxXiexkxx the cipher

equivalent of the'plain—text letter A. " When relay megnet 68 is energized,
"~ contact lever 80 disengages contact 81l and engages contact 100, deenergizing
sﬁitch control magnet 383 and allowing gang switch 85 to disengage the upper

set of 26 contacts, among which are contacts 91 and 191, and engage the lower

set of £6 contacts, among which are 90 and 190. This sets up a circuit as
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follows: battery 16, conductors 23 and 111, universal-bar contact lever 17,
closed contact 21, conducter 79, contact lcver 80, contact 100, conductor 122,
selector mognet 13, conductor 106, closed contact 190, contact lever 188,
conductor 84, contact 30 on end nlate 301, to, thréugh and back through
commutators 1 to 5, contact 29, conductor 76, contact lever 33, closed
contact 90, conductor 107, contact lever 108, closed contact 109, relay mégnet
110, conductors 123 and 124, back to battery 16,
Yhen selector magnet 13 is_energized, commtator 1 is angulari; displaced
through 1/26th of a revolution, and a new set of cif%uits is formed in the
commutatof unit. Relay magnet 110 having been energized, contact lever 108
is caused to disengage contact 109. This breaks the circuit through the
selector magnets and prevents energizing selector magnet 13 a second time.
No further action of any nart can take‘place until the two relays 113 and 114
are again actuated. This hanpens vher key A is relezsed, which establishes
a cifcuit és follows: battery 16, conductors 22 and 111, contact lever 17,
closed confact 72, conductor 112, magrets 113 and 114, back to battery 16.
As'exylpined above, armstures 80 ahd 103 are locked in .contact-maeking
?o:iiicns zt 81 and 109 until cnother key of the keyboard is depressed,

causing the device to operate in the same manner cs Lereinbefcre described.
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A means of providing an irregular wheel movement
in Cipher Machinesusing cipher wheels.

The basic principle of this invention utilizes the cipher wheels of
the cipher machine to provide an irregular selection of the particular
wheel which is to be moved. A method of effecting this selection is to
provide, in addition to the present ring of 26 contacts on each facelof the
wheel, a second ring of 26 contacts, which contacts are independent of the
first mentioned set of contacts, but are connected to each other in an
irregular manner, analogous to the manner in which the first mentioned set
of contacts are comnected. Also the end plates will bear a double ring of
contacts ‘which coincide exactly with the two rings of contacts on the face
of.each cipher wheel. These two rings of contacts on each end plate are
conneéted as indicated in Figs. 1 and 2 of the attached drawing.

Thé action of the machine is as follows: When a key is depressed, two
contacts ;fe closed, namely, (1) the key comtact which allows a current to
pass through one of the above-mentioned rings of contacts to operate an
indicating device giving the encipherment of the letter corresponding to
said kéy and (2) a universal contact which permits current to enter at a
single contacp of the‘other of the aforementioned rings of contacts on one
of the end plates, pass through one of the contacts of the corresponding
rings of cdntaéts of 811 the cipher wheels, and pass out at one of the
contacts on the corresponding ring of contacts of the other end plate, and

thence to a selecting magnet which permits the cipher wheel corresponding
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thereto to move forward.

Figure 1 is a schematic diagram of the invention. 1, 2, 3, 4, and 5
are the hereinbefore described cipher wheels; 19 and 20 are the end plates,
6, 7, 8, 9, 10 are the wheel selector magnets which allow a mechanism to
step one of the wheels forward at each depression of a key; 11 and 13 are
the rings of contacts through which the current passes to the wheel
selector magnets; 12 and 14 are the rings of contacts through wh}ch the
"key to lamp" current passes; 15 is the key contact; 16 is the above-mentioned
universal bar contact; 17 is the source of power; 18 the reversing switch;
21 is the indicating device; and 22 is the connection to the universal contact
which may be connected to any/contact of the rings of contacts 11 on end
plate 19.

Fig. 2 ;hows one: manner in which the ring of contacts on end plate 20,
through which the current passes to the selecfor magnets, are connected to

the wheel selector magnets.
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