REF ID:A338774

® ®

Ootober 4, 1935

NEMORARDUN FORS Bsssareh and Development Divisiom.
(THEUs War Plans ¢ Traiming Division)

1. Attached hereto are draft specifications and six drawiags
covering & new iype of controlling meass for cryptographic machimes
using rotatable commtators. The basic prisciple is, in my opiniom,
novel and very walusble. It is exemplified im several embodiments
shown in the drawings.

£. This is the joimt imventior of the undersigned and ome of
my sssistants, Mr. Frank B, Rowlett, Junior Cryptanalyst.

3. It is recommended that patent be z2pplied for at omes, to
gnfeguard the government's interest, evea though it may not e
desirable to allow the patent te go to fissue for some time,

#1lliam ¥, Friedmsn.

Emela,.
Draft specifieations,
6 drawings.
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The ebjeet of this invention is to provide new and useful improve-
nents‘ig cipher machines or eryptographic meckanisms utilizing rotatable
commutetors fer enciphering a plain-langnage message by what is commonly
known as a process of substitution, the latter being accomplished in a
! systematic manner so that the process of substitution may be automatically
reversed in declphering such an enciphered message, thus recovering the
original plain-language message.

In the eryptographic mechanisms referred to there is usually 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 lamps or magnets to indicate the message
characters resulting from operation of the keyboard. The set of switches
of the keyboard and the set of signaling or indicating devices are connected
10 each other electrically by circuits and apparatus by means of which the
aforeéaid substitution is accomplished.

The cryptographic prineiple of such eryptographic mechanisms, which
will hereinafter be termed gimply eryptographs, is based on the establish-
ment of a plurality of electrical circuits or paths between the keyboard
gwitches and the indicating devices through commutetors of a special type
now well known in the art. Tﬁese commutators are constructed in the form
of flat disks bearing an annular set of contacts on each face, individmal
contacts of one face being connected by insulated conductors passing through
the disk to individual contacts of the other face in an arbitrary manner.

In the literature of éryptograpny such commutators are qalled “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 on

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

the cipher letter obtained wpan depressing & key of the keyboard is the ISSﬁi#
.of the passage of an electrical cmrrent slomg a complex path set up thgaﬁyh

?; &ll the ;nxtapose& snhatiauﬁiﬂgsggumntators, this path being compeosed of as

b many sub-paths Joined sequent&alhy as there are commmtators. .
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Gryptographs of the foregoing deaqripfien may be divided inte two <

categogies. Into one category may be placed all eryptographs having ome or -, "
more substitution commutatorsg rotatably mounted on a shaft between two fixed

end plates, each end plate bgi;ing an annular ;ing of contacts, the latter d
being so.disposed as to coincide exactly with the contaets on the faces of the ) :1
substitution gommutators. In cryptographs falling into this category the keying '

switches of the manually operated keyboard are connected to the contacts of one

ER N

of the end plates, while members of. the bank of indicating devices are connected

of twiee*&,s -‘many eontacts as there*areigzeys on *bhe:keybmd SR 2
to the contacts of the other end plate. Also a reversing SWltGEAis provided, 1
which enables the operator to interchange the comnections between 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 type deseribed.

The latter eontacts are, however, connected to the movable members of a set

L

of single pole, double throw switches, the mmber of switches . being the same
as the number of contaets provided on the end plate, and so constructed that
the switches are controlled by the keys of the manually operated keyboard.
Adjacent to the above-described end platgf are mounted one or more substiftution
commutators, the final commutator, that is, the one most remote from the end j
plate, being what is hereinafter described and referred to as a "reversing
commutator®., The purpose of the reversing commutator is to return a current |
entering the commutators at one contact on the end pla%e to some other contact
* thus comes
on the same end plate;the current xxxxng into the reversing plate via one
Feturms
complicated path through theé commutators and xztxnnxng to 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 e

switch which is necessary in eryptographs of the first category.

mn.;._ Sk

" In both categories of cryptographs it is uswal to provide meams for angalarxy
displacing er rotating the commutators, the reason for which will be briefly
discussed. If, in cryptographs ﬁtilizing substitution commutators of the type ™y

described, no provision is made for their éngular displacement during the course . j

-of enciphering a plain-text message, the resulting cipher text will be mone= - - E

i
ofs, Yy
kA

A} e - B
alphabetiec 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
monoalphabetic cryptograms offer little resistance to cryptanalysis,

and, in order to inecrease the cryptographic sécurity of such cryptograms,
factors other than mere change of alignment of the éubstitution commutators
from message to message must be incorporated therein. Heretofore several
types of cipher machines have been invented in which one or more of the
substitution commutators are rotated step by step with the encipherment

or decipherment of eachiletter, but in a regular and/or meter-like manner.
Such cipher machines provide a considerable imcrease in cryptographic security
(that is, resistance to cryptanalysis) over those cipher machines in which

no angular displacement of the substitution commugatbrs takes place, but still
not suffiecient to insure practical indecryptability for cryptograms produced
by their use. This is because the latitude of variability offered by the
substitution commutator. displacement mechanism is limited and all forms
thereof may be readily reconstructed from a model of the cipher machine.

It is the object of this invention to provide a means of effecting the
angular displacement or rotation of the substitution commutators in an
irregular, completely aperiodic manner, thereby greatly increasing the resist-
ance to cryptanalysis of cryptograms enciphered by eryptographs of the type
described.

A basic feature of the invention is the provision of methods and means
for controlling the angular displacements of.the substitution commutators
by electrical circuits which also pass through rotgtable commutators. The
latter thus constitute, in effect, commutators for the control of the
substitution commutators; for sake of brevity and clarity in description,
commutators performing this function of comtrolling substitution commutators
will hereinafter be designated simply as "control commutators". Several
specific embodiments of the basic imvention will be described. At this point
it will merely be mentioned that the control commutators msy form an inde-
pendent unit physically separate from the substitution commutators but
electrically associated with the latter; it 1s possible, however, to make
one and the same set of commtators serve both as control commutators and

f L
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substitution commutators, there being provided asécciated,means designed to’
keep the control functioms electrically separaﬁe frém the substitution functiond. |
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 N
made in comneetion with the accompanylng 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 secoqd set of somewhat'differently constructed commutators for performing
controi functions, together with the associated circuits and contacts for |
proper operation of the eryptograph. Fig. 2 is a schematic diagram of a set

of commtators also designed for performing control functions but in this

case these commutators are similar in comstruction to the substitution 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. F§g. 5 is a schematic diagram of another
embodiment in which a xi:gtl set of déuble-ring commutators is arranged with
assodiated switching mechanism so as to perform both functions of substitution

3pd, somtr rol, withoat Lbs mme, o a_pevers rs%]:%ator. %%mé a{_.g a schgmatic,

PO PO P e P ing oW é5261lg%g§13_¥?v§rsin§' Eguﬁ% S designated by the mumbers

1 t0 4, inclusive, are substitution commutators of the normal tyﬁe hereinbefore

ey N

described, in which there is a single ring of 26 contacts on each face, the
contacts on one fﬁce being connected irregularly to the contacts on the other
face. Commutator 5 is also a substitution commutator,jbut differs from the

others in that only one faee of the commutator bears a ring of contacts, ﬁhe
latter contacts being intercomnected irregularly inlpairs. A current eﬁtering

one contact of the single ring of contacts is merely carried alomg on insulated
conductor to some other contaet, 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 cemmutator of the type
referred to above as a reversing commutator. Commtators 6, 7 and 8 are eonﬁé@%ﬂﬁg

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

tors 1 to 4, except that they have onleSix contacts instead of 26 in a ring
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on each face; commutator 6 is a reversing commutator and is similar in principle

to rev¥ersing commutator 5, except that it has only six conmtacts inmstesd of 26.
The sgggtitution commutators are mounted upon a common shaft 20 upon whieh

they may be independently angularly displaced stepwise 1/26 of a revolution,

béaring pleté. 363, the 1asdér .
between fixed end plate? 301 aqg(s*ﬁ, pabosbEax gtk serving merely as a retaining

plate and having ne contacts or conductors within it. The commutators are’

separated by fixed plates 305, 306, 307, and 308 which bear rings of 26 comtacts

suitably disposed for -bridging between successive commutators, in order to

provide for elecfrical contimuity from one commutator to its negt adjacent one.

The contae£s in these gepa?ator plates afétball;beqring spring contacts exérting

suff%gésnt eutward pressﬁre téhinsure good contaqt,- The control commutators

are meunted upen the same common shaft’ 20 upon whiech they may likewise be an-

- gularly displaced stepw1se 1/6 of a revolution, between fixed end platef'BQQ
bearigg. plate 303, ‘e Tathbpil |

ang/; - gerving merely as a retalning plate. 309 and 310 are

separators similar in eonstruction and function %p separators 305 to 308,

“(‘30%-..3»\ "’D

RS

except that they have rings of but 6 contacts: The motion of the three eontrol
commutators,is meter-like, commutator 8 beiné moved 1/6 of & revolution for
~eaeh character ciphered, commatator 7 being moved 1/6 of a revolution per com-
plete revolution of commutater 8, and commutator 6 heimg moved 1/6 of a revo-
iutien per complete revolution of commutator F. Tyis set of three commutators
has a complete period (return to an initial positiom) of 216; that is, after
216 characters have been enciphered or deciphered the commutators retura to
their initial relative rotatory positiong. The means for moving these commu-
tators will Ee described presently. 9, 10, 11, 12, and 13 are magnets, here
termed supstitutionrcommutator selector magnets, which when energized, deter-
mine which of the substitution commutators 1, 2, 3, 4 and 5 are angularly
displgeed, either by acting directly on the commutators or by releasing an
actuating mechanism which acts direectly on the commutators. 14 and 15 are

two of a set éf twenty—six.indicating devices such as glow lamps or magnets
for operating a printing mechspism, such indiéating deviees being well kmown
in the art; Each indicating deviee eerrespanﬁs to a letter of the English

alphabet. 18 and 19 are two of a set of twenty-six single-pole, double-throw

v
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switch levers operated by the keys of a typewriter keyboard. The keyboard
is also provided with a unmiversal bar 44, which controls switch lever 17,
the functions of which will be described later, and it alsoc controls switeh
lever 117 and conmtact 45, which control megnet 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
controls magnet 33, the latter serving to displace commutator 7 ome step
per 6 depressions of keys on the keyboard. When commutator 7 makes a complete
revolution it closes comtact 34 which comtrols 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 7 and 8, but at a
certain point on each commutator there is a transverse slot which allows the
roller ta drop sufficiently to close the contaet concerned. Of course, these
three commutetors conld 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 adjolns-
control commutator § on the exit face of the commutator. The;;goie iines
show the conductors leading away from the 6 contacts onr the right side of the
the dotfed lines sbew thé conductors'leading from the 1éft aide of end plate 304,
end plate 30§§&nto commutator 8. v -

Having now partlcular reference to Figure 1 with a view to giving a
complete description of the action of this form of the imvention, the sequence
of events which transpire during the encipherment of the plain-text letterswill
be related in detaeil. In irder to encipher a message, it is necessary first to
mount the commutators upon the shafi{ according to some prearranged order, it
being obvious that commﬁﬁators 1, 2, 3, and 4 may be interchanged in position
amongst themselves, and commutators 7 and 8 may be interchangeé; commatators
5 and 6 must remainin the positions shown, since they are reversing commutators
and cannot be replaced by the other commutators or by each other. Next it is

necessary to align the several commutators, as regards their relative rotatory

~6 ~ /
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positions upon the SEaft, ecording‘tn a prearfanged key. After all this

has been accomplished&zkwitch 36 is cloée&  setbing. qp a-eircuit as follows:
€losed condudtor 51

From battery 16 tofswitch 3§,{bontact lever 17, clesed comtact 21, conductor

26, contact 27 on the fixed end plate 304, into, through, and out of the
control commutator unit via the route through 8, 310, 7, 309, &, 309, 7, Bi@}
¥Bx 8 as indicated to comtact 28, thence along conductor 38 to selector magnet
10, conductor 43 and back to battery 16; When magnet 10 is momentarily energized
it causes substitution commutator 4 to be displaced angularly through 1/26th
of a revolution. The machine is now ready for enciphering. If the letter 4 is
to be enciphered, the key corresponding thereto is depressgd. At the beginniné
of its downward travel the universal bar 44 eauses contaclt lever 17 to move away
from contact 21. The key bar & causes contact lever 18 to break contact at 46
and to make contact at 22, setting up a circuit as follows: from battery 16 i
along conductor 23 tf;ggﬁgéct 22, contact lever 18 and conductor 24 to a eomtaet
29 in end plate 301, thence into substitution commutator 1, through the commuta-
tors and separators 1, 305, 2, 306, 3, 307, 4, 3085into and out of reversing
commutator 5, back éhrough separators and commytators 308, 4, 307, 3, 306, 2,
305, 1, out at contact 50, return along conductor 25 to contact lever 19,
oontact 47, thence to indicating device 14, which in this drawlmg corresponds
to the letter Q, conductor 45, and back to battery 16. At the end of the
‘?ownward travel of the universal bar /4, the latier moves switch lever 117 and
closes contact 45, mémentarily closing the circuit for energizing magnet 31.
This causes control commutator 8 to be angularly displaced through 1/6 of g
revolution. When key A is released, the universal bar 44 1s returned to-its
normal position by a retractile spring and contact lever 17 returns to contact
21, reestablishing the circuit from battery 16, .switch 36, lever 17, contact 21,
conductor 26 to contact 27 of fixed end plate BGAsWﬂﬂxxgiﬁue to the angular

4{ the ewrreft.will mow:
displacement of control commutater Saﬁﬁﬁ§zxiiy$ruverse a new path through the
eontrol unit and back to some other contagt of end plste 304 from whence it
p;sseg through one of the selector magmets 9 - 13, to battery 16, causing one

of the substitution commutators to be digplaeed, and thus previding & new

substitution alphabet for the eneipherment of the next plain-téxt, letter.

. %
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The; deciphering operation of this machine is the seme as the :_enciphering
operation, the enciphering—decipiieriqg relaticinship being by nature ‘releiproc/al.
In getting the machine for deciphering, the same procedure is follov;'eé( 'as;«.t‘oi
enciphering; that is, the commutators are arranged and aligned at the bench :
mark according to the prearranged key and switch 36 is closed, whereupon sqita;,- .
stitution commutator 4 is angularly displaced as hereinbefore deseribed. Thea.
key corresponding to the cipher letter Q is depressed, which causes contact
1ever 19 to break contact at 47 and to make cantact at 42 causing curren'b to
8. contapd.43;

flow from ba‘btery 16 through cddductor 23%611%&3%. 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 m’u,=.~eT path and returns along another.
path- as described b'ef'ore;' :it en;;erges at cd‘n’\oh@t.:z&'i; on end plate 301 and floys
along comductor 24 to co‘ntaét.g I!.ever 18, closed eontact 46, to indicating d‘evice
15, which cozlrespdﬁd'sl to the lgtter A. -The universal bar 1;4, operated by the
depression of the key correspénding to the letter Q, clases eontaqt 45 at the
end of its dowmward travel and causes control commutator 8 to advanoe. When

b the key corresponding to the letter Q is released, the universal bar 44

| returns to its normal position, causing contaet Jever 17 to reestablish can‘baet
at 21 thereupon causing a substitution commutater to move fo%war}d, as descnb%dj.} i

In Fig. 1 the combrol commutators were prwv:i:d‘ed_ with rings of but six ‘
contact surfaces om each face, whereas the substitution commatators were pro-
vided with rimgs of 26 comtact surfaces. There is, however, nb_,rgasnm.why
thg substitution and the control commatators should not be identieall in thrms
regard, 'thus providing for their interchangability and greatly inereasi‘ng
the keying possibilities of the cryptograph.
| In Fig. 2 is. shown hew the-homologous elements of Fig. 1 may be modified

to accomplish this effect. End plate 304 and the commutators 6, 7, 8 new .
bear rings of 26 comtacts inmstead of rings of oily 6 copbaets. Contact, 4
remains a single comtact for the entramce of tiln'e eurrent into the eon;:&_:yq}_.-
commatators, leaving 25 contacts on emd plate 304 for the emprgemgie ,éf the

!‘ current from the comtrol commutaters. These 25 coafaéts 'ime.em;emﬁ@imfﬁ‘ is';'a;- i

5 sets of 5 contacts each, to the five condweters 37, 33, 15@,, 40 and 41, '.‘- -

S
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Other groupings in respect to the numbers.and identities of contgq:l3§ con~
stituting each of the five groups masy be preferable, or j;his may be subject
to variation, according to a key_.

The arrangement shown in Fig. 2 provides a sequence of keying impulses
wl;icP 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 universel bar,
coﬁesponﬂng to the encipherment of exactly 17,576 letters of plain-text.

Due to the irregular mamner in which the imternal connect:{ons of the combrel
commutators are made, the substitution commutators will bé caused to rotate
through unequal angles, so that ‘Ekﬁef‘ the second cyele of the control commutator
unit is begun, the aligmment of the substitution commutators will differ from
its initial alignment. _Aa & congequence of this new aligmment of the substitu- .
'b:!'.on colqn{utations » the peried of the sequence of selection of substitutien
alphabets will be greater than 17,576 by some multiple of that number, depending
upon the wiring of the three comtrol commutators and the manner in which the
contacts of end plate 304 are commected to the selector magnets. This substirpgf
tion period is therefore one of trememdous length.

4 third form of the imvention is schematically depicted im Figure 3. Fro:n
a cryptographic standpoint tﬁe esgsential difference between this form and the‘
first descriqu form lies in the utilizstion of a single commmtator unit, which
serves both as a substitution commutator unit and as a coptrol commutator unit,
the two functions being performed by independent, concentric rimgs of contacts
borne on the same commutators. In Fig. 4 there is shown a gide view of one
sueh commutator. In this figure there is on each face of the commutator an

for the sake of ela?h:l;y,
outer ring of 26 equidistamt contacts,—ef-whichyonly-six-indicated by numeral

4/8) are-shown, and a concentric ‘inner ring also of 26 equidistant contacts, in
which-only six indicated by numeral 49,are—shewm: The contacts 48 of the outer
ring on one face are irregularly comnected by insulat;ad conducters. 50 to the
contacts 148 of the outer ring on the other face. Similarly the contacts 49 J

of the inner ring on ome face are irregularly comnected by insulated conductors

150 to the conbtacts 149 of the inner ring on the other face of the commutator. -

The two rings are therefore entirely independent of each eother s though they

-
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are both carried on the same commtator. Commutators of this type will
hereinafter be termed double-ring commutators. )

Reference is mow made to Fig. 3 in which this embodiment of the inmvention
is also shewn merely in schematic form. 101, 102,. 103, 104 and 105 are double-
ring commataters mounted om a eommon shaft 20, separated by separators 305, 306,
307, and 308. UMeans are provided to cause the commutators to be closely pressed
against one another so that positive electrical contact may be made between
adjoining commutators and separators and between commuteter 101l and end plate
301l. A side elevation of end plate 301 is depieted at the left im Figure 3,
showing the commections between the comtacts thereon amnd the selector magmets 9,
10, 11, 12, and 13. The dotted lins through the commutaters 101 to 105 indieates
the path of the euwrrent through the imner rings of comtacts while the contimueus
line marks the path through the ocuter ring of cemtacta.

The sequence of events during the encipherment of a letter is as fellows:
VWhen main switch 36 1is eloaeq, at the celimencement of operatiom, a circuit is set °
up as follows: From battery 16 through clesed mdin switch 36, comdueter 51, con-
tact lever 17, comtact lever 1¥, closed comtact 21, conductor 26, inner-rimg
contact 127 of end plate 301, into commutators 101 to 105 and eut of them aleng
broken-line path to another immer-ring centact 128 of end plate 301, themce
along eonductor 38, through selector magmet 10, along conductor 43, baeck to
hatteﬁ 16. .When selector magnet 10 is momentarily energized it caumses eci-
mutator 104 to be angularly displaced 1/26 of a revolution, thus setting up a
path through the commutators for enciphering the first leétter, say letter A.
When key A is depressed, universal bar /4 is caused to move downward, mevimg
contact lever 17away from comtact 21 and allowing current to pass from ha;mm'
16 aleng cond@uctor 23, through closed contact 22; comtaet lever 18, eondiacte:;r

[V

24, outer-ring comtact 29 of end plate 301, i_:nt’o the commutaters threugh whieh
it follews the contimuons line apd returns via outer-ring comtact 30 of end
Plate 301, eonductor 25, comtact lever 19, clessd contact 47 to imdieating
device 14, comductor 43 and back to battery 16, After the letter Q.,~ corres-
ponding to indiecating device 14, has been recorded, key A is released and

breaks comtact at 22, at the same time allewing universal bar 44 to returm te
its normal pesitioen. Whenl universal ber 44 returns to its mermal position

contact @1 is elosed reestablishing a cireuit through the immer-ring contacts
-7

o - 10 -
i 255 o ) i .




REF ID:A338774

gy
FL

of the commitators. But commutator 104 having been displaced an entirely
new path through the commtators 1s now avallsble for emciphering the letter 4, - |
if it is again té be enciphered.

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

The machine having been reset to the key,

_/the elosing of main switch 36 as before causes a current to flow through one
of the imner-ring contacts to selector magnet 10, moving commtator 103 one
step forward. Depression of key Q establishes a eircuit as follows: Battery
16, closed switch 36, conductor 23, closed comtact 42, contact lever 19,
conductor 25, outer-ring contact 30, thence along the continuous line imto,
through and back through the ct;mﬁators, emerging at outer-ring comtaet 29,
conductor 24, comtact lever 18, closed contact 46, lmdlcating devies 15, cor-
reaponding to the letter A, conductor 43, back to battery 16. When key Q
is released, universal bar 41., returns to its mormal position and again a
eircuit 1s established through the immer-ring contacts of the commrtator.

But sinece cemmutator 103 has been displaced, a mew path is now available for
deciphering the letter Q if the Q key is again depressed.

The period of the 'sequence' of alphabet selection produced by this arrange-
ment is variable and will depend uﬁon four variable factors, mamely (1) f;he
wiring of the imner rings of comtacts of the double-ring .commutators; (2) the
horizontal permutation of these eommtators on the shaft; (3) the alignment of
the commtators and (4) the mammer in which the inmer ring of contaets on end
plate 301 are comneected to the selector magnets.

In Fig. 5 the invention as regards double~-ring commutators to perform
subgtitution and control functions is embodied in a eryptograph of the first
category as briefly described in general terms in the first part of this
\specifieatien. It will be recalled that in eryptographs of this category,
there are two end plates of identical comstruction and a revergi.ng switch
which, when set in the eneiphering positj:on, 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 commected to the contacts of the other end plate,
say the left-end plate; while when set in the deeciphering position, the
reversing switeh reverses thq order of comnectiens between the switches of
the keyboard, comtacts of the end’plates, and the imiteating deviges, so that

the keyhsard gwitches are ‘mow comsécted. to the left—end plate zad the iafieating
. 5 ,; - — *‘{ R 3 ) . D $oe] -.. P i
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devices are connected to the right end plate.

Accordingly in Fig. 5 there is shown a keyboard 52, a bank of indieating
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-

cériainNof the certain of the
ceding figures. Only &ﬂ keys of the keyboard and Jme indicating devices of
the bank of indicating devices are shown in circuit relationship, it being
understood that the remalning keys and indieating devices are commected in
homologous manner,

Assuming that the eryptograph’is to be operated for emelphering,' the
switch 54 is set to enciphering position, which arranged for circuit conmtinuity
along the continuous lines 55 to 58. The mein switeh 36 is now closed and
a circult is established as followss Battery 16, closed switeh 36, conductor
23, universal bar switch lever 17, closed contact 21, conductor 26, immer-ring
contaet 127 of right end plate 302, through the commrtator unit, to imner-ring
contact 128 of left end plate 301, conductor 38, selector magmet 10, conductor
43 back to battery 16. Commutator 104 is angularly displaced ome step. Key A
is now depressed. The circuit through the inmer-ring of contaets of the com-
mutators is now broken, as universal bar 44 breaks the contact at 21. At the
same time a eircuit is established through the outer-ring of econtaets of the
commutators, as follows: Battery 16, closed switch 36, conductor 23, contaet
lever 18 operated by key A, closed contact 22, conductor 24, through the re-
veraing switch 54 along comductor 55, conductor 224, outer-ring contaet 29 of
right end plate 302, into and through commutators 105, 104, 103, 102, 101, via
their outer-ring contacts, an outer-ring sontact 229 of left end plate 301,
conductor 243 to the reversing switch 54 through the latter alomg econductor 58,
thence along conductor 343, indicating device 14, cerresponding to the letter
Q, conductor 43 to battery 16. When key A 13 released, universal bar 44 returns
to its normal position, reestablishing contact at 21. Again a current flows
through the inner ring comtacts of the commtators, emtering at comtaet 29 but
now emerging at some contact other than 128 on left end plate 301, since

commutator 104 has been displaced. A selector magnet 1s energlzed, amd a mew

B

path i3 set up for the passage of the mext eneiphering current if A is again

depressed.
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If key Q is depressed, instead of key A, the circult is as followss
Battery 16, clesed switch 36, conductor 23, switch lever 19, closed contaet
42, eanductor 25, through reversing switch aleng path 57, conductor 325 to
an outer-ring contact 30 of right end plate 302, thence through commutators
t0 an outer-ring contact 230 of left end plate 301, conductor 425, through
the reversing switch along path 59, conductor 443 to some one of the indiecating
devices of 53, say the one corresponding to letter Z. In other words, the
relationship between A and Q is not reciprocal, when the cryptographiis set
at the eneiphering position, as is the ease in the preceding figures. Here
A in plain text gives Q in cipher, but Q in plain text gives Z in cipher.

“  -In order to effect decipherment, the reversing switch 54 must be set for
the deciphering function. This causes the paths through the reversing switch
54 to follow along the dotted lines instead of along the contimmous lines. The
operation immediately subsequent to closing main switch 36 is now exactly the
sameé as befare, when the encipherment of letter A was deseribed. This is
because the circuits to the selector magnets ars assoclated with the inner-
ring contacts of the commtators, and these contacts are not connected to any
of the contasts in the reversing switch 54. In the first encliphering operation,
the letter A was enciphered by Q. The decipherment of Q will now be followed.
Depressing the Q key causes univeraal bar 44 to break the circuit at 21, as
before, but the substitutlion circuit is now partly different from what it was
when key A was depressed in encipherment. The circult is now as follows:
Battery 16, closed switch 36, conductor 23, contact lever 19, closed econtact
42, conductor 25, through reversing switch 54 along dotted path 257; conductor
243, outer ring contact .229 of left end plate 301, through the outer-ring
contacts of the commutatora to an outer ring contact 29 of right emd plate 302,
conductor 224, through reversing switch 54 alemg dotted path 255, conductor
225, indicating device A, comductor 43, to battery 16. Thus Q in cipher ylelds
A in plain langusge. If key A is depressed instead of Q, the comirol eir-

cuit 13 exaetly the same as when Q was depressed but the substitution cir-

cult is as follows: Battery 16, closed switeh 36, conductor 23, contact
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lever 18, closed contaet 28, conductor 24, through reversing switch 54

along dotted path 255, conducter 525 to an outer-ring comtact of left end
plate 301. The current will emerge at someocuter-ring contact of right

end plate 302, thenge 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 eryptograph was in the homologous
position in the enciphering‘ cycle.

A £ifth embodiment of the invention utilizes single-ring commutaters to
gserve both as substitution commutators and control commutators by means of a
gang switch of 26 contaets inserted in the circuits through the commutators.
Figure 6 shows a schematic diagram of this form of the invention.

Having now particular referenmce to Figure 6, with the exception of the
gang switch and relays which will be described presently, the elements shown
therein are similar in construction and function with the corresponding elements
shown in the preceding figures. Gang switch 85 1s merely a device for breaking
one complete set of 26 comtacts simultaneously and at the game time making
another set of 26 contacts simultaneously. It is operated by magnet 83 and
assoclated relays. The action of this form of the inventien is as follows: At
the begimning of operation, switch 36 is closed, setting up circults through re-
lays 113 and 114, as follows:s battery 16, conductors 23, 111, switéh lever 17,
closed eontact 72, conductor 112 relays 113 and 114, conductor 124, to battery 16.
Relays 113 and 114 are energlzed, causing armatures 80 and 108 to establish eon-
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,
i8 locked until released by the action of relay 68; similarly when armature
108 of relay 114 hes been locked into comtact position at 109, it stays
locked until relay 110 is energized. Conmsequently, elthough contact 72 mast
be closed in order to establish comtact at 81 and 109, after the ]atter
‘eontaet.s have been established they will remain so even if contaet 72 is
broken by depressing universal bar 44. When key A is depressed universal

-1l4 ~
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bar 44 causes contact lever 17 to meke contact with contact 21, setting
up the following cirecuit: from source of power 16 through conductors 23,
111 and contact lever 17, to closed contact 21 through conductor 79 4nd locked
lever 80 of relay 113 to contact 81, thence through conductor 82 through gang-
switch magnet 83 and conductors 116, 124 back to source of power 16. When
gang—switch magnet 83 is energized, armature 86 is attracted, causing gang-
switch 85 to disengage a lower set of twenty-fix contacts and.to engsge an
upper set of twenty-six contacts. Switch levers 88, 188, 2838, 388, 488 and 588
are five of the set of 26 swi%ch levers controlled by gang s;itch 85; contaets
90, 190, 290, 390, 490 and 590 are five of the set of 26 lower contacts con~
trolled by the switch levers of the gang switch 85; contacts 91, 191, 291, 391,
491 and 591 are five of the set of 26 upper contacts controlled by the switch
levers of the gang switch 85. Referring to contacts 91 and 191, which have
been closed by energizing gang-switch magnet 83 as noted above, there is set
up a circuit as follows: from source of power 16 through conductor 28 to
closed contact 46, (the key A still being depressed) through contact lever 18
and conductor 119 to closed contact 91, through contact lever 88, and conductor
76 to a contact 29 on end plate 301, commutators and separators 1, 305, 2, 306,
3, 307, 4, 308, and 5. Commutator 5 is a reversing cbmmutator, and therefore
the current goes back 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 condunctor 84 and eontact lever 188 to closed contact
191, through conductor 93, contact lever 19, closed contact 42 along conductor
121, to indicating device 14, thence along conductor 43 to relay magnet 68 and
back eslong conductor 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, eaoduscsesepdsgidee which xxﬁxxxxmx the cipher

equivalent of the plain-text letter A, When relay magnet 68 is energized,
contact lever 80 disengages contact 81l and engages contaet 100, deenergizing

switch control magnet 83 and allowing gang switch 85 to disengage the upper

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

gset of 26 contacts, among which are 90 and 190. This sets up a circuit as

- 15 - 4
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fellows: battery 16, conductors 23 and 111, universgl-bar'bénﬁéét lever 17;
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closed c9nta¢t 21, conductor 79, contact lever 80, oqy@aét$100, cendugtorllzz;_ iy
selector magnet 13;~c6nductor 106, closed contact 190, contact igver 188,
conductor 84, contact 30 on end pla£e 301, to, thréugh\an@ bapﬁ through
computators 1 to 5, contact 29, conductor 76, contact 1ev€f 88, closed

contaet 90, conductor 107, contact lever 108, closed comtact 109, re;ay magnet
110, conductors 123 and 124, back to battery 16. -

When selector magnet 13 is energized, commutator 1 is angularly displaced
through 1/26th of a~rev01ution, and a new set of circuits is formed in the
commutator unit. Relay magnet 110 having been energlzed, contact lever-los
1s caused to disengage contact 109. This breaks the circuit through the
gelector magnets ;na prevents energizing selectpr magnet 13 a second time.

No further action of any part can take place until the two relays 113 and 114
are again actuated. This happens when key A is released, which establishes

a circuit as follows: battery 16, conductors 23 and 111, contact lever 17,
closed contact 72, conductor 112, magnets 113 and 114, back to battery 16.

As explained above, armatures 80 and 108 are locked in contact-making

. positions at 81 and 109 until another key of the keyboard is depressed,

causing the device to operate in the same manner as hereinbefore described.
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