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This invention relates to cryptographs,

An important object of ther invention ie to provide new
and useful inprovements in eipher machines or oryptographic mschan-
isms utilising rotatable commintors for enciphering a plain-language
message by what {s comeonly known ae a process of subetitution, the
latter being accomplished in & syrtematic manner, so that the process
of substitution may be automatically reversed in deciphering such am

enciphered messsge, thus recoverimg the original plain-langunge message.

In the cryptographic mechaniens referred to there is usually
provided a keyboard of the typswriter type, which controls a set of

switches correspomding to message characters, and a set of signaling

d"‘leu which may consist of a dank of glow lamps or magnets to indicate
the message characters reeulting from operation of the keyboard. The
set of switches of the keyboard and the s ¢t of signaling or indicating
devices are connected to each other electrically by cirouits and appera~
tus by means of which the aforesaid substitution is sccomplished.

The oryptographic principle of such oryptographic mechanisms,
wvhich will hum'ttor be termed siwply cryptogrephs, is based on the es- "
tablishment of & plurality of electrical circuits or paths between ths
keyboard switches and the indicating devices through commutators of a
;pc;ul type nc; well knowa in the art. These commutators are construoted

in the form of flat diskes bearing an annular set of contacts on each facs,
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individual contacte of one faoce teing connected by fasulated conduciers
passing through the disk to imdividual contacts of the other fmse in an
srbitrary manmer, In the literature cf eryptographky swk commutators

are oalled " oipher wheels " , " coding ¢ylinders " , mnd the like ;

ut, for purposes of greater clarity in deseription they will hersipafter
be referred to as " substitution commutators. " In a eingls eryptograph
there may be several such commutators juxtaposed on & common shaft. Thus,
whea more than one substitution commutator is used, the cipher leiter ob-
tained upon depresesing a key of the keyboard is the resuli of the passage
of an elactricsl current aleng a complex path set up throuny sll the
juxteposed substitution comsutators, this path being composed of as many
sub= aths jJoined sequintially as thers are commutators. In other woris,

there is here a cryplographic effect which iz distinctly a cascads effect

of great complexitye.

Cryptographs of the foregoing desoription may de divided
into two categeries. Into oms sategory mey de placed 311 oryptographs
having one or mors substitution commuistors rotatadly monnted on a shafté
between two fixed end plates, esch end plate bvearing an amnular ring of
ocontacts, the latter Deing 20 dirponed as to eoincide exmctly with the
eontacts on the faces of the substitution commutators. In eryptographs
falling into this category the keyins switches of the manuslly operated
kayboard are comnested o the oontacts of ome of the end plates, whils
meabers of the bank of imndicating devices are gonneated to the sontacés
of the othar end plate, Also & reversing switch of twice as many com-
tacty as thera are keys on the keyboard i provided which snables the
operator to interchangs the comnecticny detwesn the two end plates, the
dank of indicating devices and the keyboard switches o as to provide for

enciphering and deciphering equivalency.
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Into the other sategery may de placed all eryptographs hav-
ing' a single end plate of the type dessribed. The latter oonlecie are,
howaver, connected teo the movadble membders of & set of single pele, doudle
Shrow switohes, the mamber of switches being the same ar the number of
contsete provided on the end plate, aud so construsted that the switches
sre controlled Wy the keys of the manually operated keyboard., Adjaceat
to t17e¢ avove-desoribed end plate are nmounted oue or more substitutiom
commutntors, the fimal commutator, thet {s, the one most remote from the
end plate, beins what iz hereinafter dascrided and referred %o as &

* reversing commutator " . Tie purposs of the reversing commutater i
40 return a current entering tne commutatore a% one contuet on the ead
plate to some other gomtact on the same end plate; the surramt thwme
oomes into the reversing plate vulm oomplisated path through the
comminiors and returas %0 the end plate along arother path through the
commtators. me, in thie category of cryptegraphs enciphering-deciph-
ering equivajeney ir effected without the use of a reversing switch

which i1# necessary in eryptosraphe of the first category.

In doth catggories of eryptographs it is usual to provids
means for angularly displacing or rotating the commutstors, the reasom
for wuich will be oriefly disevssed. If, im eryptographs utilising
substitution commatators of the type desuribed, no provisiom 1= made
for their angular displasemea$ during the gourss of encipherimg a

plain~text mésenge, the resulting cipher text will ¥ monealpbabetie
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in chrrachar 3 tht is, only one subetitution alphabet will have beem
used in the entire encipherment. I' it well~known that such meno~

alp'habetic oryptograms offer little resiztance to t-ypianalysis, and,

* ia order ‘v 'inc-ease the oryptograpbiec sacarity of such cryptograss,

factors other thar mere change of sligument of the subestitution oom-
mutators from message to meszage muet be incerporated therein. Here~

tofore ssveral types e} oipher sachines hnve been invented in which ome

.or more of the substitution commutatore are rotated step dDy =tep with

the encipherment or decipherment of esach letter, mt in n regnin mﬂ/ or
meier~like manner. Such clphc-r machines provide & ¢onsideradls inaresse
in cr;ptogrnqu security { that is, resis‘rnce te cryptanalysis) over
those cipher mghinea iz which z=o angular displacement of the substitu-
tion commutsators t4ker place, dut still not ;uffielwt to insure practical
mdecry];tnbility for éryptograms pi-odumd %y their usk. This is beocause
the latitude of wvariability offered by the substitutien commutater dis-
plecement meckaniew ia l:mited and alll forms thereof mey be readily re-

constructed from & model of the sipher maching.

It {» nn object ot tnie invantion to provide a means of
effecting the angular displacement or rotation of the substitution com-
mutators in ax irregular, eonp}etaly speriodic manner, thelreb:- groadly
inereasing the resistance o criptamalysis of oryptograms enciphered Yy

cryptographs of the typs dsecribed.

A pasic fesmture of <2 fnvauntion ie the provision f methods

and meéans for controliling the sngulsr displacements of the subatitutiom
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commmtators by electriea: ci:cuits which also pass through rotatadle
comutstors, 7The latter thus constitute, in effedt, commutaters fer
the comtrol of the substitution commmiators; for sake of brevity amd
clarity in descriptien, commmtators performing this funesion of com
trolling eubatitut ion cosamtators will herefnafter de designated simply
a8 " gontrol comutators " . Several specific eabodiments of the hnu‘
‘4nvaption will be desorided, At tbis poimt it will marely de mentioned
that the oontrol compmtators may form an independent unit physieal}ly
eoparate from the sebetitution somwutators dut elsotrically associated
-M; the latter ; it i» poasidble, hRewaver, tc make one and the same sed
L 4 cofwtators serve toth as control commitators amd substitution som-
"Lutﬁhrl,. there being provided associeted means dezigned %0 keep the come
h@‘l funstione elsctrically ssparate from the subdstitution fanstions.
/ f

/7

’.“l oY opveration of the various forms are explained in this specifics~

The seversl different embodiments of the invention and the

/ 'uon In detail sufficient for compreheasion by thome skilled in the art.

- ; 5@# ﬁp&mation is mode in cennectiom with the acecupenying dwawings,

V'
‘4n whiech 3

]

‘ Fige. 1 i 2 schematic dlagram of one eispla embodiment in
/ which there 1s shown a first s t of commmi:tors for perfoming subdsti-
/
/ | taution functiens and  sacond set of somewhat differsently constructed

| eommut-tors for performing control fumetioms, together with the associated

|
/ [' eircuits and sontscts for proper operation of the Eryptogrsph §
]
/

) Fig. 2 1s & schenatic diagrem of » sat of coumataters .

also Qesigned for perfornimg sontrol fumetions But in Shis esse M .

55 .
-

conmuta‘ors are similar in construction to the sudstitutioa comtuma; <
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Pig. 2 i & schematic diagram of another embodiment in which a
single set of douhle-ring commtators of novel construction performs

Yoth funstions of substitution amd control ;3

Fig. 4 shows a perspsctive viaw of one of these double-riag

commmtators g

Pig. & 1i» 2 schematic disgram of another emtodiment in which a
set of double~ring commutators is arrenged with associated switchimg
mechanism =0 ur to perform both functions of substitutiom =nd control,

without the uee of r reversing co-mntntor H

Piee. 6 iv 2 cohematlc diagram of another embodiment in whieh
single-ring commutatora are used for this purposs, one commutator

being & reverring commatater ; and

Mg, 7 {5 n schemntic dlagran of a modiffication of the form

shown in Fig. 6.

Refer' ing now speaifically to Fig. 1, elements designated Wy
the numbers 1 to 4, inclusive, are substitutiom ocommutntors of the
normal type hereinbefore dsseribed, in which there is & single ring of twenty-
8Iz' ' contacts on eath face, tha contacts on one face deiag conmsoted
irregularly to the contsets om the other face, Commutator £ ie nlso
& substitution commtator, dut differs from the others in that unly

one face 0f the commutator bears a ring of eomisots, the latter comtacts
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baing interconnected irregularly in pairs. A current ente ing one
sontact of the eingle ring of eontaats 1s merely carried alang W in-
sulated conductor to some other contact, from whioch it emerges frem
the eommtator. Im other words the ecurrent enters the commmtator

st one onntret and leaves {t at another, on the =zame face of the
commutator. This {s & commutator of the $ype referrdad to ahove as a
reversing commmtator. Commutators 6, 7 and 8 are contro} commtators
of which 7 and 8 are similar in principle to substitution oot
tors 1 to 4, except that Shey have omly six contacts instend of twenty-
$ix in & ring on each face; commutrtor & is a rewersing commutater
and is similer in prineciple to reversing commutator £, except that it

bas only six contacts instead of twenty~six.

“he subetitution commutntnrs a:e mownted upon = ocommon shart
20 uoon w- ich they msy be independently anpularly dleplaced stepwise
1/26 of = rsevolu‘ion, betwsen fixed end plate 301 snd hesring plate
302, the latter serving merely az a retaining plate and having no eon~
taots or crnductoras within it. The cowmtators are separnted by fixed
plates 30F, 306, 307, and 308 which bear rings of tweuiy-six contacts
sultably disposed for bridging between succersive commutators, ia orul:
t0 provide for e¢lectricsl continuity from ons cemmut=tor to 1is next
ad jacent one. The contactes in thesa separstor plates are Ball-beariang \
spring contacts sexerting sufficiemt outward pressure %o insure good con~
tset. The control comwutators =re mounted upon the srme common shaf$ ‘;" .
upon wilch they a~y likevise be amgularly displaced stepwise 1/ of s ‘g\ )
revol.tion, betwe-n fixed snd plate 304 and dearings plate 303, the \
1atter rervirgs merely ae & retaining plate. Nomernls S09 nnd 310 des~ .

{gnnte saparators sialler ir conrtruction and function to mseparstors
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205 to I2°8, except ;;haf t1ey have rings of dut six sontscts, The
motioa of the three control commutators is meter-like, commmtator 8
beirg moved l.m of & revolution for each cha.rmter?nciphered, com-
mutator 7 being moved 1/6 of a revolution per &omplete revolution

0! commutator 8, and commutator & being moved 1/6 of a revelution per
complete revolution o0f commuirtor 7. 'his set of three commutators has
s complete period (returm to an initiel porition) of 216 ; that is,
after 216 eharacters have been enciphered or deeiphersd the commutators
returm te their imitial relative roi-tory positions. "he meauns for
moving thesze commutalors will Ye deseribed wresently, The numerals

9, 10, 11, 12, and 13 designate masmets, here termed subrtitution~
commutator seleotor magnets, which when encrgiszed, determine which of
the stijetitution commutrtors 1, 2, ¥, 4 and E are angulsrly displeced,
aither b» acting directly on tie commutators or by releasing ua actuate
ing mechanism which acts directly on the commutators, Numerals 14 and
15 designate two of a set of twenty-six indicating devices s.ch-us glow
inmps or magnets for operating a printing mechanism, such indicating
devices being well knowa in the art. Each indilsating device serrasnonds
20 & letter of the English alphabet. DNumersls 18 and 19 designate two

" of & =et of twenty-six single~pols, double~t'irow switch levers operatd‘.

by the keys of & typewriter keyboard. ~he keyboard ie alio providea with
& universsl bar 44, which soantroles switch levar 17, the fumctions of whie‘\
w 11 be describved later, and it slso controls switch lever 117 and contact
45, which control magnet 31, the latter serving to displace- commutator 8

ons step per depression of any key of the ko:ﬁnt. “hen commutateor 8
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nakes & gomplets revolutiom, 1%t closes ogontact S which eonirols

magnet 33, the latter serving to displace commutztor 7 ons step

per € dapressio:s of keys on the keyboard. ¥hen cowmnut-tor 7

«akes # comnlete revolution it closas contaat 34 which controls magnet
38, the lat'ar serving to displace comsutator 6 one rtep ner twenty-six
denression: of the kays of the key-board. Contacts 38 and 14 sye operat-
ed by rollers on spring levers, These rollars normmlly ride upon the
peripherias of commtators 7 and 8, but =t a esrtain voint on each commutztor
thers iz n transverse elot vhich allows the rollexr to drop sufficiently
to clase tns contact soncerned, Of courss, these three commutators
oould he dienlaced mee .anically, by mcans of ratchets and pawls and
direct control froc the universal bar of the keyboard, To the right

in Pig. 1 is shown an end mitds elevation eof fived end plste 204 which
adjoins control commutstor 8 on the axit facse of the sommutater. 7The
whole lines rhow the comductors lending away from the six comtacts on he
right side of the end plate 304: the dotied lines show the contustors

leading from the left slde of end plate 304 into commutater 8.

Having now psrticular reference to Fir, 1, wilh a view
to giving & complete description of the action of this form of the inven-
tion, the sequentes of svenis which transpire during the ensipharment of
the plain-text letfars will bde related in detail, In order to smoipber
8 nassage, 1t is mecessary first to mount the somsutstors upom the shalt

rcoorning to same prearrangsd order, it being obvious that commutators

10

—_—



. REF ID:A67504 .

1, &, 3, and 4 may bde interchangsd in position among t:emselves, and
eon-utatore 7 and 8 may e in-erchanged; ocommtators 5 and 6 pust

remain in ihe positions shown, aince they are reversing commu'rntors

and cannot he replaced by the othar commutators or by each other,

V¥ext {t is necessary ta allrn the several commutntors, as regnrds

their relstive rotatory positions upon the shaft, according to & pre-
arranged key. After all this has Deen accomplished, main power switeh

%6 is clomsed, sstting up a oircuit as follows : From Bmtisry 16 to closed
switch 36, conductor £1, contact levar 17, olosed contact 21, condustor

26, contact 27 on the fixed end plate 304, inte, through, and out of

the control commtator unit via ths route throug: 8, 310, 7, 309,

6, 209, 7, 310, O a» indicuted to contaot 28, themoe aleng condustor

38 to selector magnet 10, conductor 43 and Wmok to bettery 16. Vhen magnet
10 {5 momentarily enmergized 1t sauses rubstitution commut:.tor 4 to be
displaced angularly through 1/26th of n rewdlution. The machine is mow
ready for enoiphering. If the letter ' 1is to be enciphered, the Wiy

corr s~onding thersto l» depressed. At the beginning of it%s downward
travel the universnl dar 44 causes contact lever 17 to move away from
contuct 21, The key bar A oauces contact levar 18 to break contaot at

46 «nd to make enntaot at 22, setting up » eirc it ar follows 1 Prom
battery 16 along conduster 23 to closad contasct 22, contast lever 19 and
conductor 24 to & contact 29 in ~nd plate 301, thence into substitubiem .
computstor 1, throus-h the commut-tors and senar tors 1, 308, 2, 308, 3, 307, i

+ &b
4, 7798 1into and o.t of reversing commtator &, b.ock through separators amd

11
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commutators (08, 4, 207, &, L06, 2, 306, 1, out at contmct 30,
retura slong condustor 26 to contact laver 18, contmet 47, thence %o
irdienting device 14, which in this drawing corresponds to the letier
Q, conductor 4¥, and beok to datiery 16. (% the emd of the downward
travel of the universal bar &4, t-e latter wmoves switch lever 117

and closee contret 4F, momentarily clorings ‘he circuit for emergising
magnet Jl. Thir causes contro]l commjtator 8 to b angularly &isplaced
through 1/6 of & revolntion. When key A is relessed, “he universal der
44 1r ret 'ned to its normal poeition by a retractile spring and contsct
lever 17 returns to contust 21, reestablishing the cirouis from battery 16,
switch 36, lever 17, soatact 21, osonductor 26 %0 emtact 27 of fizxed end
plats 304, The to the sagular displacement of control commmut tor 8 the
current will now traverse s new path through the control ait and back te
some other contact of end plate 304 from whence it passes through one of
the melector mzinets 9 - 13, to battery 16, caueing one of the substitution
commmt- tors to be displaced, and thus providing s mew substitution alphebet

for t-¢ encip-erment of the nmext plain-taxi letter.

The deciphering operation of this machine ir the etnme as the
snsiphering opera'ion, the enciphering-deciphering relationship being by
naturs reciprocal. In setting the mechine for decipharing, the same pPro=-
gedure ¢ followed ag for enciphering ; that is, the commutetors are
arrenged and aligned at the bench mark aceording to the prearranged key
sud switoh 36 1z closed, whersupon sudatitutios commutator 4 is angularly
d4isplaced as heraindefora describded. The key correaposiding to the cipher

letter Q is dspressed, which causes gondaot lsver 1¥ to Dresak oontasts

12
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at 47 nnd to make contact at 42 causing ourrent to flow from Wettery

16 Athroush conductor 23, slesad contact 42, oontact lever 19 and
conductor 26 to contact 30 on end plate 301 of the subtstitution
commutator unit. The ourrent paeses into and throurh the latter along
one path ard returns slong another outh as descrided defore ; it smerges
at contact 29 on snd plate 301 ard Tlows along conductor 24 %0 contash
lever 16, closed contact 48, to indiceting devies 1%, which eorrecponds
to tie lettur A, Yhe universal bar 44, operated by the deprecs«ion of the
key corresponding to the lettar ( oclos 8 conteat 45 at the end of its
downward trrvel and causes control commut-tor 8 to acvanee., VYhen the
key corresponding to the letizr Q 1ir released, the nniverss]l bar 44
returns to iis normal position, crusins contast levar 17 to reestadlish
sontaot at 21 thereupon csusing & substitutioa commmt-tor to mowe forward,

as described.

In Fig. } the control commutators were provided with rings of but
six contnct surfaces on esch froe, whereas the sabstitution commmtators
were provided with rings of twenty-six contact surfaces, There is, however,
00 resron why the substi*ution +nd the control cammtntors ahould not be
{dentical 1n this regerd, thus providing for thelir Irterchangeadility and

greatly increacing the keying pousitilities of the oryptograph.

In Fige ? it chown "uvy t°@ homologous elements of
Pig. 1 may be modified to sccomplish this effect. End plate 304 and We

commutators 6, 7, 8 now bear ringe of twenty-six contacte instoad of

i3
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rings of only six contaste. Contact :!? rgnine & single contact for
the entrunce of the current iato the control commutators leaving
twenty-five contacts on end plate 304 for the emergence of the ourremd
from the control commutatore. These twenty~-five gontacts ars thea
Joined in five sets of five contacts each, to ths five conductors

37, 38, 39, 40 and 41. Other grouwpinge in respect to the numbers
ard identities of contacts oconstituting esch of the five groups may

b preferadle, or thir may de sudject to variation, aecording to a key.

The arrangement shown in Fir. 2 provides a secuence of
keying impulre~ which will not degin to repeat mmtil control comsmtator
6 has mnde a complete revolution, or afier 26 x 26 x 26 = 17,676
depressions of the universal var, corrrenonding to the encipherment
of exsctly 17,576 1letters of plain-text. Due to the irregular manner
in which the internal connsetions ef the eontrol commutators are made,
the substitution commutators will de caused to ro-ate through unegual
angles, so that when the sesond cyocle of the control commmtator wmis
is degun, the aligmment of the subdstitution commutators will differ from
its initial alignsent. As a consequence of this new aligrment of the
substitution commutators the period of the ssquemce of selection eof

sabstitut{on alphadets will de greater than 17,5Y6 Dy some multiple

of that mmber, depending upon the wiring of the thres contrel commtsters -

and the manner in which the centacts of and plate 304 are commseted %o
the selector magnets. This sudstitution period is therefore ome of Sre~

momicus leagth.

i4

»
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A third fora of the i:vention is schemmtically depicted im
Figure 3. Yrom a cryptographic stsndpoint the essemiial difference
datween this form and the first deseribed form lies in the utilisation
of & single comrutator unit, vhich serves bdoth ae a pubdstitution cemwutater
unit and r.5 2 control comsmtator unit, the two fumctions bveing performed
by indepencent, concentric rings of contacts dorme on the same® commusstors.
In Mg. 4 1there ic shown a side view of one such sommutator. Iz this
figure thers ir or ench face of the commtater am outer ring of tweniy~
#ix equidirtent eontacts, of which, for the sske of olarity, enly six
{ndioated Yy numcral 48 are showz, w»-d o concentric immer rimg slwo of
twenty~e1x equid’ziunt contmots of which only six indie«ted by museral
49 are shown. The contacts 48 of the outer riag on ons faos are irregulsrly
connwctied bty insulaied songuctors 50 to ihe oontscta 148 of the outer rh; j
on the otLer face. Similarly the contects 49 of the isner ring on one feoe
sre irrsgularly connected by imsulated sonductors 150 to the sontacts 149
of the inner ring on the othur froe of the commwator. The two ringe
are therefors entirely indepsndent of sach other, though thay are doth
sarriad ou the swne commutstor. Comeutators of thir type will hereinsfter

%% tamed doudle-ring ocoummtators.

Rafarenmoe ir row made to Fig. I in which this enbodiment of
the Invantion is Rlmo shosn merely in schemetic form. The numerals
101, 172, 198, 104 aad M08 designate double-ring commutators mouated
on a common shaft 20, ssparated by separators 305, 306, 307, and 308.

Means ure vrovided to causs the comrmtntors to be closely pressed againsg -

15
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the ssparr tors so that positive alestrical semtact may e mrde bdetween
adjoinins commutntors and separators and betwaen commutator 101 and

end plate 30l. ' side slewation of end plate 301 s depicted at the
left in Tigure 3, showing the connections betwesn the oontacty thereom
and the selector magnets 9, 10, 11, 12, and 18, The dotted lines through
the commotators 101 to 1068 indicates the path of the current throwgh
the inner ringe of eoatacts while the continmous line marks the path

through the onter rimg of contasis,

The sequencd of evenis during the endipherment of a letter
is as follows : When main switch 36 is olosed, at the commenoemsnt of
eperation, a circult im set up as follows : From Mattery 16 through
clogsed main switch 36, conductor 51, contaot laver 17, closed contact
21, sonductor 26, isner-rimg contact 127 of end plate 301, into commmtators
101 to 105 and out of them along broken-lima path to another inner-ring
sontrct 128 of and plate 01, thencs alomg sonductor 38, through selector
magnet 10, along conductor 43, bBrok to dattery 16. When selector magnst
10 i momeninrily energised it causes commutntor 104v to be angulsrly
displaced 1/26 of « revolution, thus setting P A path throvgh the commnte~
tors for enciphering the first letter, say letter A, Then keay /. is depres~
sed, univereal bar 44 is caused %0 wove downward, moving contact lever 17
awvay from contact 21 snd allowing current to pass from battery 16 along
econductor 23, throuch closed coatact 22, et‘mnct lever 18, somductor 24,
outer-ring contact 29 of end plate 301, inte the commuintors throuwgh which
it follows tha continuous line and returns via ocuter-ring contaot 30 of end
plate 301, conductor 2£, comtaot lewsr 19, tlossd contact AY to indionting
device 14, condustor 43 and Back to dattery 16. ifter the letter Q sorves-
ponding to indicating device 14, has been recorded, key A is released and

18




-

REF ID:A67504

Yreaks ocentapt at 22, at the same time allowing univerzal Dar 44 to
return t0 1ts normal vosition. VWhen uwniversal dar 44 returns to its
normal posttion contact 21 1is ¢losed ronta.blivthing a circult through the
inner-ring eontacts of the commmtators. Nut comsutator 174 having deem
displaced on entirely new path through the goummtators is now aweilsdle

for ensiphering the letter A, 1f it is again %o e eciphered,

The decipherment of the letter Q sakes place in an apal-
ogous manuer, 7The machine having been reset 0 the ey, the elosing of
mein switoh 36 ap before causes & current to flow through one of the
inner-ring centects to selector magnet 10, moving commutator 105 one
stap forward. Depression of key & e2tsdlishes a civeuit ar foliows :
battery 16, closed ewlich 36, eonductoer 23, closed contact 42, oomtact
lsver 12, conductor 25, outer-ring coatact 30, thence along the con-
tinuvows line into, threugh snd dack throngh the comsutators, epsging at
outer~ring contact 29, cowduttor 24, demtact lever 18, ciosed camtach
46, indicading device 15, cerresponding %o the letter L, domductor 43,
Bask to battery 16. When key  is released, universal bar 44 returas te
1t9 norms}l position and agsin a circuit is sstadlished through the ilumer~
ring eontacts of the commutaters, But since ao-uttﬂ'u- 103 ha®m bdeen displaced,
& nev path is mow availadle for deeiphering the letter Q 1f the Q key is agnlin

deprossed.

L3

The period of the sequence of alphabet celvction produced by this
arranresent is variable and will depend upen four variable fretore, mamely

{3) the wiring of the inner rings of contacte of the double-ring commutatorss

17
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(2) the horizontal permutation of these commutators on the shaft ;
{3) the alignment of the commutators and (4) the manner in which the

inner ring of contacts on end plate 301 are connected to the seleétor

magnets,

In Pig. 5 the invention as regards double~ring commutstors
to perform subgtitution and control functions is embodied in & crypto-
graph of the first category &s driefly described in general terms in the
first part of thie epecification. It will be recalled thet in cryptographs
of th1s'category, there are two end plates of identical construction and a
reversing ewitch which, when set in the enciphering position, connects the
gwitches of the key-board to the contacts of one of the end plates, say
the right-end plate, anf the indicating devices are connected to the contacts
of the other end plate, say the left-end plate ; while when set in the de-
ciphering position, the reversing switch reverses the order of connections
between the switches of the keyboard, contacts of the end plates, and the
indicating devices, so that the keyboard switches are now connected to the
left-end plate and the indicating devices are connected to the right end

1

plates

Accordingly in Figs € there 1s shown a keyboard 62, a
bank of indiciting devices £3, a left end plate 301, = right end plate 302,
and & reversing switch 54, togetner with other parts homologous to those shown
in the preceding figures. Only certain of the keys of the keyboard and
certuin of the indicating devices of the bank of indicating devices sre
ghown in circuit relationship, it being underetood that the remaining keys

and indicating devices are connected in homologous manner,
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Asmuming that the sryptograph is t0 be operated for smeipbering,

' the switch 54 is se$ to enciphering posltiom, which arrarges for clirecuit
contimuity .along the contimwous lines 65 to £8. 7The meir ewiteh 36 is

now clouﬂl and s -circuit is ertablished ne foli.on 3 Battery 16, olosed
mriteh 36, conductor RBS, universsl bar swiich lever 17, slosed contagt 21,
condustnr 26, innerering contact 127 of right end plate 302, through

the commutator unit, to imver-ring eontact 128 of left end plate 301,
sonductor 28, selector magnet 10, conductor 43 ook to battery 16, Com=
mutator 104 is angulsrly displaced one step. Key A is now depressed.

The ciroult through the imner-ring of contacts of the commutators is now
broken, as universal tar 44 hresks the contact at 21. At the same tims &
circull i» eatadliished through the ocuter-ering of contscts of the oom~
suutators as follows 3 DBattery 16, closed switch 36, condustor 25, eontaot
lever 1§ operaied By key A, clossd conisot 22, conductor 24, drough

4the reversfag switch £4 along conductor 5B, condustor 224, outer-ring

sontaet 29 of right end plate 302, into and through commutators 105, 104, 103,
102, 101, m their outer-ring contacts, an outar-riag contact 229 of lefd
ezd plate 301, oonﬂuato; 243 %o the reversing switch B4 through the latter
along conductor B8, thence slong conductor 343, indicating devies 10.! oore
responding to tne lett-x ¢, coudunetor 42 is battery lo., Yhen key A is
released, universal bar 44 returns to its normel position, reestablishing
eontach at 21. Again a current flows ihrough the immer ring contasts of
the¢ commmutators, entering at dgontact 29 but now emerging at sow eentast ..
other than 128 om left end plete 301, sinos commutator 104 has Wwees Rie~
Pleced. A selector magnet is energised, snd a new path ir set up Yor the

possage of the nmext enciphering current if 2 iz again depressed,

19
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In order to effect decipherment, the reversins switch 64 mmet
e sat for the desiphering function. This causes the paths through tha
reversing switch E4 to follow along the dotted lines inetead of along the
ocontimuous lines, ZThe operation immsdiately subrequent to elosiag main
svitoh 56 i» now exectily the same se dhefore, vhen the sncipherment of letter
A wae descrided. “hir 12 because the circuits to the melector masnats are
associated with the imper-ring contacts of the commmtetors, and these con-
tacte are anct connected to any of the contaots in the reveraing switoh 54,
In the first enciphering operation, the letier 1 wars anoiphered by Q.
The decipherment of Q@ will mow be followsd. Depressing the Q@ key caures
universal dur 44 to break the circuit at 21, as bYefore, bt the smhztitution
eirouit is now partly different from what it was when key A was depressed in
encipherment. The circuit 1s now ar follows 3 Battery 16, closed ewitch 36,
conductor 23, conterot lever 1%, closed contact 42, conductor 2%, through
reversing awitch 54 aleng dotted path 257, conduster 243, outer ring contaed
229 of left and plata 201, throuch the outer-ring contaots of the cosmmtators
to 1n outer ring contact 29 o' rifht erd nlate 302, conductor 284, throwgh
reversing switoh 54 along dotted path 256, oconductor 228, indloating device

4, cona ctor 43, to batiary 16. Thus Q in cipher yields i ia plain langusge.

A £i£%th smbodiment of the invenilinn ntilizes single-~-ring sommutators
t0 serve both as sudstitution commsrtore and coritrol commuiztore by means of
a gang switch of 4{weunt)-six contscis ineerted im the circzits through the
commuatntors. Pigure & shows a sohematic diagram of this form of ths inven-

tion.
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Having now partic:lar reference %o Figure 6, with the exception
of the gung switch and relays which will be descrided pressntly, the
elements shown therein are similar in construction snd function to the
corvee~md.r¢ elownte shown in ‘he precedins figures. Gang swi‘ch 86
is merely a device for bresking one complete set of twenty-six contacts
simul truecuzly and nt the ca.e time meking another se! of twenty-six
contncis 8l ulianeously. It is opersted by magmet B3 and assccinted
relair. 'ha peéion of this form of the invention 1s as follows ; At
the deyinning of operation, switch J6 ir closed, sstting up ciroults
through relays 113 and 114, ar follows : Ddattery 16, condustors 23,
111, switch lever 17, olosed contanot 72, conduotor 112, relays 112 and
114, conductor 124, io bDattery 16, Relays 113 and 114 are energised,
csusing sratures 80 and 108 to evtzblish contact at 81 and 109, res-
pestively. By meanx of s mechanical loocking arrangement, once armature
80 has been sttracted by relay 113 the conteat gstubiiched at 81 ie locked
until releassed by the action of relay 68 ; similarly whemn ama:ture 108 of
relay 134 hos been locked into contact position at 109, it =tuys locked
until relay 110 is snergized. Comsequently, slthough contuct 72 muet
be closed Bn order tu estnblish coantact at 81 and 108, after the latter
contacts hrve been setablished they will rensin so even if contact 72 is
broken o depreseing universal bvar 44. ‘hen key A ie depressed universal
ar 44 causes contast lever 17 to mals contact with cumtnot 21, setting
up the following oircuit;y frou suurce of pow r 16 through comductors 28,
111 and contaot lever 17, t0 closed coutact 21 through conductor 79 end

locked lever 80 of relay 113 tu cuntaci 81, thence through conduotor 88

23
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through gang-switch magnet 83 and conductors 116, 124 bdack to source of
pover X8y When gang-switch magnet 83 1s energined, srmature 86 is
astracied, causing gang-switoh 85 tv dismuguge a lower set of twenty-sixz
contacts and to engage an upper wet of Vwenty-six contasts. Switch
levers 88, 168, 288, 288, 486 and 588 are five of the set of twenty-six
switeh levers controlled YWy g.ng switch 853 sontasts 90, 190, 290, ¥SO,
490 and 590 are five of the set of twenty-six lower contacts soatrolled
by the switch lewurs of the gang switch 85, contacts 91, 191, 291, 39%,
491 snd 591 are fiwe of the set of twenty-six upper contacts controlled
by the ewitch levers of the geng switch 88, TGuferrimg te contucts %1 and
191, which bave bdsen slosed by energising gang-switch maguet 85 as moted
aJove, thers 1s eef up & circuit as follows : from source of power 18
through conductor 23 %o olosed acntsod 48, { the key A stil) being
depressed | through comtsot lever 18 and somductor 119 to olosed contact
91, through contact lever 88, and conduotor 76 t0 & ocontact 29 on end
plate 301, commutators and weparators 1, 308, 2, 306, &, 507, 4, 308, and
8. Commutstor § (e n revere.ng commutator, sand i erefors, the current
goes back through the commutslors and ssparators 5, 508, 4, 307, 3, 306,
2, 308, 1, and returns to end plate 301, energing at contact 30 on end
plate 3013 thenoe along conduotor B4 and contact lever 188 %o dlosed
eontast 191, through eomductor 93, econtact laver .9, cloesd comtact 42
salong conductor 121, to indiecasing device 14, thence along comiuctor 4%

to relsy nuguct 66 and back along sonductor 77 to battery 16.

Vhen inaicating device 14 10 energized, s type bar is eaused

By mean® mot rhowu Lo print the letter Q, which is the cipher squivaleat
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of the plain-text letter A. When rulay musnat 68 is energised,
contact lever B0 direng=¢es sontact 81 and sugages contact 100,
deenergising switch control magnet 83, and allowing gang switch

86 to disenguge the upper set of twenty-six contacts, among which sre
cokgacts 91 and 191, and ensage the lower set of twenty-six contacts,
among which ~re 50 and 190, Shis sets vp a olrcuit as follows ;
battery 16, conductore 20 and 111, universa}-bar sontact lever 17,
closed sont:ct 21, conductor 79, aontact lever 80, contact -100,
comdustor 122, selestor magnet 13, conductor 106, olosed contact

190, contact lever 188, ocondustor 84, contrct 30 on end plate 301, to,
through and back thro gh commtatore 1 to £, centact 29, conductor 76,
oontaot lever 88, closed contast 90, conductor 107, eontact lever 108,
closed contnct 109, relay magane$ 110, conductors 123 and 124, back to

battery 16,

When sclector magnet 13 ir energised, commutator 1 is
engularly displaced throug 1/26th of s revolution, and & new set of
eireuits is formed in the commutator unit. FRelay magnet 110 having beam
energized, oontsod lever 108 is osused to diseng»ge contact 109. This
breake the circuit through the sslector magnets amd prevents enerxgising
selactor magnet 18 a second time. MNo further sctiom of eny pard can
take place until the two relays 11 and 114 sare agaim actuusted. This
napoens wien ke) A ie n leased, which establishes a circuit as follows :
dattery 16, condustors 23 amd 111, contact lever 17, closed contast 72,
conductor 11:, maguets 113 and 114, buok to dattery 16. Am expluined

above, aruntures 80 asnu 1J8 :re lecked in contact-making positioms
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at 81 and 109 until anoiher key of the keyboard is depressed, cauwing
the dsvise %0 oparate in the same mamer as hereinbefore deserided.

A 8lxth e.bodiment of ihis inventiox is shown in Fig. 7. In
this form of - e invention use is made of single ring sommutstors whieh
serv® both as substitution commtators and oontrol commut:tors in com-

nection with a gang switch of 2§ oontactis operated by a universal bar,

daving now prriicular reference %o Fig. 7, the elements shown
therein are similar in construction and fuiction to the corresponding
elements shown in the preceding figure. In this emdodiment of the in-
vention, gang switch 85 iz so comstruated that when any key ia depressed,
snd universal bar 44 i» actuated, ewite levers 88, 188, 288, e%o., dis~
engage contacts 90, 190, 290, eic., ruspectively, sud eusage sontacts \
91, 191, 291, etc. rerpectively. The operation of this form of the .
invention iz as follows : “nun A megrage 19 t@ D8 enciphered, commutstors - A
}, 2, ¥y 4, 2and B are sli ned to A prearranged key snd switch 36 is |
elosed, setting up & oircuit as follows : Battery 16 through switeh 36,
conductor 107, oonkuwot 90, contact lewsr 88, conductor B4 4o contaot 29
of end plate 301, through commutstors 1, 2, 3, end 4 to commtator £ which
directs the c.rrent beck through commgtators 4, 3, 2, and 1 to contact
20a of end plste 301, tnrough conductor 284 to contect laver 288, eontact
290, conductor 106 to control ..agnet 1§ awd themoe back to batter: 18.
When control magnet 13 {s energised, commutator 1 is rotuted through 1/26th
of = revwolution; setting up a new gset of eircuits through the eipher
wheels, The device is now ready for enciphering the first letter of the
mespag® . If thir letter is the letter A, iLne ke corresponding te it N

[

depreceed, = .0 the contact levers of gung-switeh 85 are caused to &fo= ‘ »—'A

-

engage the lowaer set of twenty-six contacis and engage the upper ssd

24
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of twenty-six contacts seiting up a circult as follows : From Wattery
16 through conductor 23 to contret 46, contact laver 18, controt 91,

oontact lever 88, conductor 84 to contast 29, through and retura through

we

commutrtors 1 to £ o contsct 30, conduotor 184, oontaot laver 188,
sontact 191, oonductor 93 to aoatnot lever 19, comtnct 42, condustor

121 to indicating device 14 which corresponds to the letter (, conductor
43, switch 6 0 dattery 16 fier the lettcr Q 4s noted, key A iz re-
leasged, alloving the contact levers of gnng switoh 85 to disengage the
upper set of twenty-six contacts and engnge the lower set of twenty-six !
contacts. ‘i the instant when contact levars 88 and 168 Both sngnge
contacts 90 and 190 respectively, = oirouit is set up as follows ;

Battery 16 through switch 36, condustor 107, sontact 90, contast lever

88, conductor 84 to oontact 29 of end plate 301, through commutators

1, 2, 2 and 4 <to comemtator £ which directs the current back throngh
commutntors 4, &, 2 and 1 to contaot 30 of end plate 301, through conductor
184 to contact lever 188, contact 190, conductor 108 to control magnet

12 and thance back to Badtery 16. “hen control mesmet 13 is again enep-
gized, cowmutator 1 is agnim rotated throwgh 1/26ih of a revolution and
sgain & new sat of circuits is set wp in the commmtator uanite. The device

is now rency for anciphering the sescont letter of the mesesge.

In the foregoing dascription we h- ve rastricted the explaoation
10 onses of indiviGualised or single displacements of the mubstitution
commtators. There 1s, however, no rerson why thess commutators may not

be displaced in groups of 1, 2, 8 ...., according to the speeifie eircuils
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arrangemsnts a-d displacerent mechanisne eatadlished for the purpose.

To explain how this can be asoomplished, we will refur again first to

Fig. 2 and tnen to Pig, 1. In the disocussion concerning Fig. 2 »e have
said 1 "Thess twenty~five sontachs are then joined in five sets of fiwe
eontacts erch, to the five conductors 37, 38, 9, 40, apd 41 * . In Fig. )
these conductors 47, U8, 39, 40 and 41 lead to the rewpsctive magnets 9,
10, 11, 12 and 13« But now suppose that the arrangement of contacts oa
end plate 304 and the conducstors leading from this plase to these megmats
is sush that, instesd of s groupwise combination of the contacts connscted
to 2 pingle conCuctor, a current sewerging from one spacific contact sentrols
the operation of two mriomets, 9 snd 10 for sxample; that smerging from
ancther specific contnot dontrols the operation of three mesmets, 10, 12
and 1%, for exaxple, and %0 on. Thus it wiil bhe re=xdily apparent that
with twent;~five contacts 1% is possible to provide for group or pernmtatiwe
dieplacenments of the commataters 1, 2, 7, 4, and 6, In faet, with fiw
eomautatore tr;csrc sre thirty-ons pemmtative displacements possidle ; simce
in Pig. 2 there sre twenty~five contacts on plate 3104, errungements may be
made g0 that 26 of the 3) displacenments can ba represented. 3ut if it wers
desired to have all thirt:-one parmute~tiv: dlspleacencnts aveiladble, 1%
would marely be nacessary to hnva tlhe sonrmt.tors 6, 7, and 8 and thair
sssocintad end plates 303 and S04 compriwe ssts of thirty-two contasots
instead of only six, as i» shown in Fiyr. 1, or tweaty-six, aa ia showm In
Tig. 2.

Inntead of a systen of prraut-tive displacemantia by single steps

eone could srrance for individuslized displasements of 1, 2, 5, &4, or B
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steps at & tine 3 and, instesd of » 1, Lem of single-stap, indl-iGuoalised
angular displaceasnt of the comwutators, it is possidle to arrange for
plural-step, permuintive, angulnr displacements of the commutators, The

flexibility of the system in thir regrrd is thus quite apparent.
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8 claim t -

le In a orypto raph, = nat of character elemants constituting
& keyboard, and a set of indicating elements, said elements being eleo-
tricelly interralated 3 wmenns cnmpr;.ﬂng a series of switohing devices te
establiah oryptographic relationshipe bYetween said sets of elements §
and aeans to chuss maid swltching devices to perform ocryn‘ogrephic sube

stitution functions and cryptogr rnie control functions.

2. Ir crgpt-.orrr-ph, n £ t of charecter elerentn constituting s
keyroard, snd t. set of indlen’in; elemente, onid sote of elements being
sleoitricall: interrelated ; mesns counpricing a ssrisa of commtators to
estublish c:;ptographic relationshipr batwaen =eid sets of slements 3
meang to Care "nid cowmat-iors to narform gryptogranhic mbstitution
fupctlion: «nu gryptographic con-rol functions § and displercemsnt mecham~
isas to ¢iffect displucementa of ‘ho commutators whan verforming substitution
funatiocas, said mechynlame heing clactrically controlled by said commutinters

whon perfoming control functions.

2. In a eryptogrrph, s keyhoard eomprising character elemsnts,
and & plurelity of signaling devices, said elements and said devices being
electricrll; in‘errelated; means for satablishing eryptographie relatiions
betweon snid devices and sald elements, aald means including a first sed of
cogmutators for performing” cryptorruphie substitution functions, and a second

set of commatators for performing cryptographte oomtrol functions.
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4. ‘n sapparatue as clained in oleim 8, in vhich homologons

commat~tory are inierchangsadla,

Fe .n npparatus at elnimned in elrin I, in shich sasd sscomd

set of commmtators controlsths aperation of the flirst set of cemmutrntors.

Hs 1n 2 vryplogreph, a ke;board somprising s asst of chsrseter
sloments ant A cad of sigpwmling devicen ; mesng scomprising a set of pub~
stitution commut-tors for est~blishing oper:tive eryptographie relations
betreqn the said chnpnoter elemente and snid eripgnnling devices ; displace-
nent mechanisms to effect aigular displatemsnts of the substitution com~
muis‘ors 3 and menns {ndl ‘ding & set of conirol commutntors fer controlling

tne dlvplacerent mesbanisns.

7. In a cryptograph, & set of character slements constitwl-
ine & xeydoard and & set of signaling devicea slestrically interresiated
with aaic elemants ; meansy for estrblishing operetive oryptographic re-
lations betwesn enid devices snd eald elements, iuecluding n set of eipher-

ing commuiators ; =nd mesns to affest the angnlsy displroceswnts of said

~ comu! tors, iacludiog a set of control commutatore sdapted to effeet

tle dim-lrnansnt operatione individuallye

8. In + orypto, ravh, & set of charestsr elemants conatltut-
ins o keyhnerd, and a set of aignalling devicse sleotrically interrelated
therewith : meuns for estadlirhin~ eryptogz=phie relstions between said

elenmarts and »nld devices, including e set of eiphering vomrmtators j dis-

planement mechanimms to effect the angulay 4isplassmentis of said ocomutators ;
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Aand mesns %0 coatrol the said mechaniems comprising r set of eontrol

comuwitrtors rdapied to nct upon said mecha.{sms fndividwmlly,

9. Iun &« eryptogeaph, a sat of charneter elmments con~
stitating & keyboard, and indicsting daviees im slecirisal sommnicstion
with 9aid elements ; means comprising a single set d¢f commmtators te
eat-blish operative sryptographic relations bYetwean said devices and said
elements, including elestrical meane to cause the seme st of commutators
to perform both oryptographic substitution nand eryptogrrphic contrel fuse-

tionpe

10s I% & cryptegraph, a met of sheracter elements sonstitute
ing & keybonrd, =nd iudieating device2 in electricxl ceommunioation with
22id oleaents § means to esiadlizh oryptogranhie relationships Yetween
a2id devicer and snld clements, compricing a set of commmtators ; means
4a vary said relziionships; and means to caune the same set of commtators
to perfom Loth criptograyphie substi*ution and cryptographlic contrel funé.

tiona.

1le In A cryptograpvh, & set of churagter elmmantr epnrtitute
ing a Xeyhoanrd, and indicating devices in slectiries)] esarmmisction with
wsid slemants ; moans to establish oryntogr-phie relationships detwesn
exid devicas and mnid elements, comprirzing a set of commtators ; menns

t0 vary mid relntionships 3 xnd seans o ¢ause the semd st of Sommmistiors

te perfors Yoth cryptographic substitution aud eryptographic seatvel fume= . .=

tisus, aanid means insluding separrie gontacts and arsocinted eondwelore

providing ssparante slectrioal shannels through said commatators.
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12, In & oryptegraph, a seti 0f character elerwntr constituting
¢ keybo:rn, and india-ting devices i~ alec ricnl comsunicntion with said
sleuants § means %0 s2t~Blish oryptographic relationzhips betresn snid
devices and said elements, cosprising a single set of commtators § and
means to wary said relationships, including electrical conduntors sssouisted
with the comautators $o csuse the zrme sei to perfors doth oryptographls
substitution and eryptogr phie control funetions, all commutaters being

intarchangeadla,

13, In a cryplograph, & sat of characier elements constitute
ing A ke Yoard, and a set of signuling devices, said ealenents and safad
devices baing eledtrioally interrelated ; means conprising a series of
commatctors 1o esinblish eryviopr~nhic relationships hetvesn said mlements
and sei- <av.ces 3 ard meane t0 wr, enid relationships, including a

plurality of sslfegontrelled eiphering somautaters urranged in easeads.

4. An apparatus as slaimed in the preceding claim, in which

all comwu* tors are intercnnrerile.

1F. an apparatus As clajsed in Claim 13, in wbich homologous
commutators are inberchangeable.

16. In & cryptograph, A set of clharmater slemmnte constitute
ing » keaybonrd, and n sst of signaling devices 3§ metms 30 establish
er;ptorrephic relationships detwesn srid eloments and said deviess, smid
means including s pluralisy ef self-controlled ¢iphsring eammutaters pro-

vided with a single seriese of ring contacts § a ofirecit = etew interconneeting
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e-1d slements aud sald devicen, anu including said comminters 3 and
agans oper-tive with eald sirc.i! system snd imcluding thevein a switeh
mechanion S0 parmit the sems sommutators to funstion nltermately as

eiphoring semutrtors nnd as contro]l commtators.

17%. In n eryptopraph, s keybonrd comprising a set of
charneter slements, and A set of signaling devices, said cicaants apd sxid
devices bBeing slecirically interreleted ;3 menns for sffecting varying
sxryptographic relationships betwaen said slamente ani said devices com-
prising & plural ity of angularly displacesile commuiators, said commuiators
bei~g provided with & single series of ring contacts ; displucsment
meehanisme nparndive 1o effest the angular displacement of said comu-
tetors § And circult means inviunding a switehing meohanisn opsratiwe
to cauee the same set of contacts to Dmetion al tarmately for purposes

of sryptographic schatitution and cryptographis ecatrel.

186, In a eryptographk, » keyward omprising a set of
charscter-Qlementa 3 a set of sigoaling devices in elesstrieal relatiom
with said elementer ; wmsans for effeetins varyling eryptogrephie relation-
ships datween enid slemmts and sald devices, insluwding & pluxality of
angularly dieplacesbls cammutators provided with a do hle meries of ring
cont:-ets ; displromsent mechanisug operative %o effeet mgulse displase-

Wnts of seid commutaters ; memns to provide eleatrienl shenmela Wrowgh

12

one of the series of contacte to eavse said somsut-tore to perfors fNs-

tians of eryptosraphic substi-ution, and 1n sequentisl operaticws of- saild

iy
.
[N
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:;\schani.ms Lo provida sleotrical channels through the other of said
w ries of contrets to cauwe said coamutatory to peyform funciions of

sryptographis contrel.

19. I1 a orypincraph, n et of charscter eleammnis somatitating
r keybourd, »nd & zet of imdientiyn- elementn, said ssis of slenente Yelng
slactrically intorrelated ; means 40 estadlieh and wry eryptopraphie
relationships detvesn said sste of slaments, seid weans including & st

of salf-eontrolled commtators.

20, An apparstus ng clafued in the preceding cluim in whioch
smié comwtetors are arranged in onasuade.

21. In a eryptograph, & set of charabier alements somstituting
2 keydoard, wnd a sel of indteating elsments, mik alemanis being eslesirio-
" ally interrelated ; mesns 4o establish eryptegraphic ralations betwesn said
sedp of alesentn, emid wesns inclwiing a vlurslity of self-controlled som-

msaistors ‘a.rmzw,wa in easoads, said commtators being in‘erchangesdle.

22. In = oryptograph, 4 sei of sharacter slemante constitul-
ing & keghoard, wd a set of Indleating alements ; & olrcult systam opere-
tively oonpecting said ssie of elsments ; menns Lo ertadlish cryptosraphie
relationships Between »nid setn of ¢le-ents, In luding & plurality of self-
ssmtrollsd gommutetors srranged in caseosde; and means inclndiag a switch
mechanisms in 2eid cirduit srstus 0 cauve sald semmutrtors te fumetien

alterystely soth ay ciphering commmtaters and as cantrol commARtors.
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Pi. In a oryptograph, a set of sharmster elaments conntitut-
ing & kejboard, und A sst ef fadicating slemmats, mid slements Being
sleodrienily interrel=ted ; means te satablisd eryptogrerphic relstions
shipa Debaeen zaid sete Of elementz, »aid neans inelundisg & plureliity
of self-controlled ce-‘htara' 3 And means 40 sanee enid commtators
to perfarm Yoth cryptogrmphic substitutiom fumctions and cryptographie
eontrd] funations, snid means fuclwding concentrie rings of ocontacts
on the ebwrse fnos And a coérrsspemiing number of e neentric rings of
vostants on the reverse faes of sach commmtator, and condustors self-
oontsined within anch commmbetor for somnecting the sontaote on the o~

verse face with hamologous sdmiacts on 4he reverse fage.

24, In & eyyptograph, . et of charrcter siements sonetitul-
fag & Xerhoard, amd n ent of indionting eleawstts, suid slemante Yeing
‘ slectrinally interrelated ;3 merns for o.ffmuc wrylng eryptegraphio
r;lationlhip- betwesn smid setez of elements, said means {polwiing a
switching commatator desring two or sore comcentrico ringe of contasds
en tho oObverse f-0¢ <ad a corresnantin: nuaber of coneentrie ringe of ‘
Gautm‘te on the revarve face, and condustors celf-vontsined-within each
eommui-tor and Armnged irregulsrly for conunsciing the emtf.otu on the
. Obyerse fros of eaeh som utator with homologous aontncte ort the reverse
face, .

26, lIa & eryptograph, A set of Sheranter slements sondiitats

ing ® Xeywoard, and & set of imifcating elements, sald olemenmts being ‘
slgrtrieally interrelated ; weans for effecting wnriing eryptographis
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relationships betwsen salc seta of clements, said mean® incivéin, »
reveresing commutntor bearing two or more comnentrie rings of sven
nombers of cantaote on one of its faoes, and msame for elecirically

coupling the individual contacts of each ring in pairs,

26. In s eryptorraph, R set of rharacter slements con~
stituting a keyvoard, and a set of indjenting elemente, snid eslements
being electrically interrelated ; means for effecting warying oryptographe
fc relntionships betwean said ssts of elements, said wenns insluding e
set of Jjuxtaposed, @oudle-ring-centaci ewitchimg commutators, one of
the two rings of contecte performing ¢ yptographic subatisrtion funet fens,
and the other of 9-14 ring of comtacts performing oryptographic eontrol

functions,

27. In a er:ptogrnph, a keydoard eomprising character
slements and sorresponding signallin devices, said slemants and said
devices bein: electirieally interrelsied ; means for enrying the con~
nectionr hteoan sifd alements and anid devises for the purpose of
effecting criyptographic orurations, eaid means incilmding a set of
Juxtapomed, rotetsdle single-rinpg-contnct switehin corrutiators mounted
apon (om.on shaft ¢ ten Lar mechanime for effecting angulsr displace~
ments of = 1{d comeulrtore tnitwdioully ; and slretrical ingtrumantslities
for controlling said sieprin: mechrnisms whereby the rasns coummbteters are
enmployed alternatsly for affectiag oryptorraphic sudstitution fNawiiens

«nd eryptosr-phic control functions, respastivaly.
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£8. In a eryptograph, & set of character elements comstituting
s keyboard nnd a set of indicsting elements 3 a cirouit systsm operatiwly
connecting said sets of elements ; means for establishing cryptegrephic
relationahips between said sets of slements, imcludimg a plurelity of
sslf=-sontrolled commitntors, serid commmtntors being interchangeadls and
being provided with s ringle row of ring contacts on the obwerse and
reveree faces, respectively; displacement mechmuisms operstive te effeet
angular displacessnts of sald eemmutators ; and means inslulling a switoh
mechanism in s2id sircull system and sffective in sequential operstions
of suid mechapisms to provide electrical chaansls through said contacte
to ea-se # {d commut ‘tors %o perform cryptugrsphie substiiution functions

and eryptoFr-vhic contrel funstione alternniely.

29, In n erypioyrmnh, a g { of character eclemer.ts constitut~
i1, « keybonrd and s set of signslling devioces sleeirically interrelated
with #sid elements ; means for est=blishing operntive eryptogrwphic re-
letionahips between safd devices and said elemsnts, including a set of
ciphering comsatators 3 and means to effect the sagulur displacemsnts of
snid commutetors, inelwd ing a set of control commutators; and mewns
opersntive with said emtrol sommutntors to effest the displacement opers-

tions individually in single step disrlscements.

30 In s orypiograph, & set of character slaments constitut-
ing a kerboard and & st of signalling devices eslectrisally interrelated

vith eaid slements ; means for ertrblishing operaV¥iwe eryptographis



