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This inveation relates. to cryptoamph".arnd has fnr' {t= object
the nruvision 1 m.r':u for antomatically sad «on imaously changing- the
cipher equivalents r.-oreseating nlain=-text c aracters ro ar to prevant
any pariodieity in shic relationship.

Anothur o4ject of the inwvention is the improvement of existiing
oryptogranhs employing & se.rias of juxtaposaed, rotatrble, con-:ectioie
changing mechan: sms which provide an enormous mmber of nlternatiwe pn.th.l
for the passage of an electric current corresponding to & message ocharacter,
from the tranamutin.g contacts of the keydoard to. the indicating elenents
of the recording mecha:imsme

A further object is o0 provide means for the irregular and permmta-
tive displacerents nf the meiibers of & ret of circuit changing nechanisms
20 ax 10 oli :innte any pr;diotn'ble factors in the movements of the cirocuit
changing mechanisas with the resmult that unauthoriszed persons, even though
they may possess identical cryptographs, will be unable to decipher messuges’
80 enciphered,

The invention 1s exnmlained in connect.oa wiih he acconpanying draw-
ings, in whichs

Pige 1 12 n dlngrmrmﬁc viaw of & nechanism embodying the inven=-

tion, employiny one tape=transmitter;

Pige. 2 and 2 show dingramnatically she interacting relation of

& plurality of %ape-tran=mitters .

In Pig. 1, vhich is nerely dingrarmatic, thera are shown the fol-
lowing elements all of which are well-known in the art applicable to mod-

ern cryptographs: 'The mumeral 1 renerally derignates & _utandnrd typewriter
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keyboard nrovided with a set of keys for closing a sat of contacts cor-
responding to the 26 lettaers of the alphabet; the mumeral 2 mmplly
designates a recordi-y: or {ndloating de_v_;ce which m.,’tnke -the. farlr"ofa
set of nugnats o1 a printing mechanism, or a ba.nk of glolw lmp: :'to ine- |
dicate by illumination of suparimposed lestering the souivalents result-
ing from encipherment or decipherment; 3 generally designates a set of
Juxtapused, rotatable circult changers constructed in the form of cipher
wheals or di=ks, mountadble unon a common shaft and asrranged o rotate
relative to0 ona another and to fixed end disks, in order to provide a
large series of variable pat:s for the prers~. @ of electric currents re=-
presenting mesenge chnrac ers, e exact path in each instance being
deternined dy the relstive rotatory positions of the whola set of cipher
wheels and end disks at thnt instant. The essence of iy invention cone
elets in the addition of » rat nf civher-wheel :steppizgr :neglmnims,gen—
ernlly deesignated by the yumbeal 4, which nuy ba co;nr:nllad by, oﬁo or nore
tape-transmittere oo tie ug.al type employed in Baudot syniens of print-
ing telegraphy. In Fig. 1l only one such tape~tranmmitter is shown as

a% 5, In Fir. 2 two such transmitters are shown in interaction as st -]
and 8° 3 nnd in Pig. 2 thres tranmaitiers are shown in interaction nas
at 5, 5' and B,

{n erypiographs of this general character 4he principal rel-

{snce for oryptographic security is plased upon keeping seoret the initial
conditions as regards the relative positions und the arrangement of the
cipher w-sels at the boginaing of the cryptographic onerations. These
{initial nonditions constitute the "key", and the latter usually conaists

of two parts. First, the specific horigzontal pernutint.on of the c¢ipher
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wxheels upon thae shaft, thet 1s, the order of the wheels fram laft %o

right or right to left between the stationary disks must bde indicated.

Eaoch cipher wheel consiste of two rings of 20 contacts, one ring on

the obvarse face, tle other on the roverse faceg thc contacis of the
obverse fnce are conaccted, by insulated conduotors paseing through

the wheel, to those of the reverse face in an entirely random manner.

The cipher wheels bear identifying designations and are interchange-

able as regarde the order in which they may be inserted into their positions
upon the shaft, nad 11 ie urual to nsrree upon a key which indicates that
order, or example, in n cryptograph coastricted for five cipher wheels,
the key 4~1«3~72-6 may mean that cipher whael number 4 is placed in the
Pirst positinn nert o tue luft eietionsry dirk, cipher whael nmurbar 1,

in the # cond pozition, and ro une The cipher wieels rimy ba inzerted on

the ehnft in 8 right side up or up side down position. 5Sinoe the wirings
within the respective wheels are different, it is obvious that each of the
10xB8x8x4x2 or 5840 different permutations of the five wheels are awilable.
Each such permutntion wili produce different cipher results from every other
permutation beoase the complete path throuwsh the whole set of wheels is
established by the juxtaposition of five separmta paths, one in each wheel,
The sequence or arra;gerent of the individunl ciphe  wiigels unon the shaf$
will hereaftsr be called ¢:6 perrutative key., e second part of the key

1s the specific aligmment of 1ldentifying marks on the peripheries of the
oipher wheels after they have been inrcrted on the shaft according to the
perrmtative key. The periphery of each wheal beurs a series o 26 identie
fying characters corresponding to the 26 etopning roeitions of ‘e wheel

as it is displaced by rotation on the shaft. The initial rotatory positions

of t e five oipher wieels raelntive o one another and to the stationary
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end diske, am dasismnted by the horisontal sequence of the identifying
charactars on thelr perinvherias as aligned on & "bench mark” on the

end disks, will heranviter be dalled the rofatory key. In eryptographs
of the $ype under consideration the psremtative key remains fixed, a2 a
rule, thr mghout the encipherment of a message or & series of messages

the ini{*ial rotaty -y oy usually cusnges Fruy Mevrens@ 10 MOE9RIE.

Now i: all erpriogranhs be-ed uvoi: %6 use o rut-iable cipher
wheels of the type referred to above, and arranged as indicnted, neans
are enmbodied within the cryptograph for automasically changing the ro¥atory
poeitions of the clpher wheels during the courme of enciphering or decipher=
tng & messace; $here Leans Are always of eruch a nature a8 0 nake thess
changes of a definite and prede:ermined characisr. For exapple, in Hebarn,
Ue¥s #atent oa. 1,683,072, e fixed chrractur of the successive rotatory movee
ments of the cipher wheels 1r explained in quite & detniled mmnner, and the
same 1is true as reards similer oryptographs nroduced abrond. “he progrese
sion of the ciphar viesle in theee anose iz ~iz'lar to thot of indicnting
naters or aniin- mechanisnae, -hieh -re basically rejular or periodic (n
thelr actions This repularisy or pariodieity of antion produses predictable
relationships betwaen the plainetext c e neters amdd tho cipher clarncters foy
any given inftial rotatory kave ‘‘hus, should %ie crypiorraph nnd cipher mese
eaew Tall 1n30 the inade of amuthorised partisr, the latter can place them
selve® in n wasiiion %0 deciphar the nessnges larg:ly ne a result of “he pre=~
detormined nature of the # acersive roiatory disnplecents of the sipher wheels,

sven ‘howh “he initial keys may not be known,

“ha bapic feature of 1y Inva: $iun -z the aliscnesion off thim

predictable fuotar wad 3@ proviecion of a nechanim for displacing the cipher
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wheels in an entirely irregular, aperiodic manner. This is scoomplished by

. means of the wheel-stepping mechanisne shown se at 4, and opernted in the
presant embodinment by individual magnets whieh ars coatrolled by the single
tape transmitter B of Fig. 1, or by two or more taps tranmmitters as shown
in ¥ige. 2 and 3. In %his desaription I show s cryptograph with a set of
five rotatable cipher wheels and a transmitter using a plural unit code taned
upon the permmtations of two slements through five positions, tut it is obd-
vious that the inven-ion is appliocable to a oryptograph using » fewer or a
‘greater mumber of cipher wheels and a plural-unit code of a different type

than the well-known Isudot five-unit sode.

Mape tranmmitter 8 in Pig. 1 is of the ¢type well khown in pring-
ing telegraphy, but only one of t$he usual two bhus bars are sommected to
current source in this case. Ths Sransmitter 1s operated by a tape bearing
& series of perforstions permted in acoordance with the Baudo$ code. The
perforations in t1e %aps control the sotion of the five contact merders 6~10,
which, in turn, through the circuit including power sowrce 33, and conductors
21 %o 32, inclusive control the aoction of the five magmets, 11, 12, 1S, 14,
15, as & get of elements operable in a permutative manner, as will be shown

s1ubsequently.

The magnets 11 to 18, with thair aseociated stepping mechanisms,
which may bte of the ratohet and pawl type, control, permutatively, the dis~
placenent, in step-wise manncr, of the individual cipher wvesls 16 to 20,
and thus cantimuously vary, in an irregulsr, aperiodic manner, the rotatory
positions of the five eipher wheels in encipherment or decipherment. It is
asgumed naturally that correspondents muszt de equipped with similay cryptogra-
Phs and similar cipher wheels, wired identically, and that thes correspone

dents are provided with fdentioal key tapes for controlling the movsments
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of the cipher wneels. The exact initial permutative and rotatory key
and the initial point of sction of thg key tape must also be the seme

between correspondents, and can bs predetermined by agreement.

“he wirking arrangenent may ne such that on inhe buck strcke
of any kay of the keyboard, a contret 34, cuntrolled by a universal bar
on the keyboard ls closed, and the cirocui: from power snurce 35, for
operating the tape step-forwnrd magmet 36, i= vclosed. The next charscter
ou the tape is brought into play, the cipher-wheel nagnets, 11 %o 16, are
operated _nnd the ciphar wieels are sot fo » now position for the enciphar-

ment (or decipherment | of the next characier of the nemsage.

The enciphering-deciphering eircuits will now bhe set forth in
detail. Let us assune that the oryptograph is to encipher a message. &
switeh control mechanim 68, oarrying n serius o! B2 movenble oontact
membera similar to the four shown at 37, 37', 38 and 387, all mounted
on the ssme Yase, is set to "enciphering™ . This brings contaot member
37 against contrct 40, contact member 37' sgainst con-act 42, contaot
memder 38 againzt contact 44, And contact me ber 368 mainst contaot 48,
Suppose kay "A" on the keyboard 1s depressed. A current from power source
46 flows along conductors 47, 48, through closed contact 49, condustor 41,
contact member 37', contact 42, to Bl, which i= one of the emtacts on
the contacts on the left-end fixed disk; the current tiuen cuntiimes along
a Sigsag path through the cipher wheels, emerging at 52, which is one of
the contacts on the righte-end fixed disk, thence along condustor 53, con=
tact 44, contact member 38, conductor 43, through lamp or indicator™Y,
conducstor B4, back to the other pole of power source 46. Lamp or ine-
dioator "Y" is enorgised and the cipher equiwalent of "A" is "Y", for

the particular setting of the cipher wheele shown in the figure. For
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a different setting of the cipher wheels, depression of A" would ield
some other leiter. If the cinher wheels rre displaced each time key AT

is iepresme, the r.ccesrive cipher equivalents will be causally aif.
ferent, and will wary in a completely aperiodic msnner ro long &8s the
displacemeats of the cipher wheels are speriodie, a;: would be the case

in my invention with A ke, tu:pe consir ing of & random sequence of Baudo$
perforatione. '"he arrangement at the keyboard is such that on the rel-ase
of any key a universal bar closes the circuit for oparating the tape
stepping mechanism as ezpiuined above, thus causing the particular

Baudot charscter then at the key~taps tranmmitier to sotuate the fiwe
magnats 11 to 1B, and thus set up a new rotatory arrangerwnt of the

cipher wheels 16 to 20.

18t us now revarss the oparntion and decipher., In this oanse
the control device &B for brinsin: -he eripso. raph to the deciphering
condition 1s set o as Yo bring contaet member 37 against contact 65,
contact member J37' againat contact 66, oontact menber 38 against ocontact
€7, and contact meiber 38' agninst contact BR. The oipher wheels luv=20
are asswi:d to be at exactly the same rotatory position ther were in
when "A" was enciphered siid produced cipher "Y". ‘ow dei:rsll key "Y"
on the keyboard. A current from powser source 46 flows nlong conductors 47,
£9, closed contact 60 at "Y', conductor 61, contsct menber 38°, contact 58,
conduetor 62, contact 44, conduntor 83, contact 52, thence through the
c_ipher wheels, aemsrging: at contect 51, thence along comductor 50, contact
42, conductor 63, oontact BE, contact meber I7, conduotor J9, thence
thro:gh through lup or iadicator A", conductors 64, 54 back to the other
pole of nower source 46. “hue lamp or indicator "A™ is actuated and cipher

"Y" reprod.ices plain text "AY ,
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The reciprocal relationship between All the plain taxt. and eipher
letiere ie accomplished in the sare way; only four 61’ the 82 co:.tact
mervers shown at 37, 377, 38 and 38' are indicated in the drawing, but they
are =1l mounted upon one base and are moved into their enciphering or de-
cipherin.- position by ﬂ_u single control 65 which moves them as a set to
the right or to the left for enciphering or deciphering, respectiwly,

All 25 upper right-hand contacts on this moveabdle Plate, .-mnu to those

at 40 and 44, are wired %o the 26 contacts on the right-end fixed disk;

all 26 lower ri;;ht-hand contacts of the moveable place, simllar to those
at 42 l.md «By are wired to the 26 contanots on the lef¥-end fixed disk.
This arrangericnt for effecting reciprocity in .neiphering and deciphering
is, howsver, not a pariv of my invention. ‘;l'his method and others for sc=

complishing the same purpose are known in eryptographs of this type.

The affect of various keyirn: arrancements with the cryptogravh

of ny invention will now be shown and will be taken up individually.

Firss, let us assums that tne permutative key of cipher wheels
and the key tape remnin: the same for a series of messages. The key tape
may be started at the same initial point for all messages o.r at different
initial points for different messages. Assuning the former case, diversity
of cipher resmltants for identical plain-text messa es may de drought abou$
by different initinl rotatory positione 0f the five oipher wheels. Xor ex-
ample, a mescage begimning "Proceed at once" , eno_iphcrod with the initial
rotatory key "White", will yield a different cipher text from that en-
ciphered with the initial rotatory key "Write"” . Thus, since there are
availadle, with a -y( of five oipher/wheels, 2:6 different initial ro-
tatory keys, tl;:c pote:itiauuu of/ the oryptograph in this respect are

apparent.
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v assume that une ke tnpe {e in the fomm of & contimwous ring and
can be started at different initial poluts. A neees e enciphered with the
same initial rotatory key can be enciphered in as nany different forms as
there are ciwmracters on the key tapeg 4if it is 10,000 units in length,
10,000 versions of the same message can be produced by starting each mes-
sage at a differsnt initial point on the tape.

It goss without eaying that hy using many different tapes, and chang~
ing the permutative key of the cipher wheels on the shaft, the cryptograph
will afford an almost limitlisse diversity of coryptographic resul ts.

A1l tie Toregoing: wariations are entirel; asperiodic in ehnracter, so
that no cyclic phenomena such az are used in the analysis of the usmal typers
of automatic cryptographs ar¢ available for solving m ilagen produced Yy

the oryptoysruph of my invention,

“ige £ shows two tave~trunsmitters, £ and 6', Jjointly controlling the
magnets 11 to 1¥, waich are identical with sinilarly desijnated aagnets of
Pige 1le In this arrangement twn different cipharekey tepes in the form of
contimwus ringe govern the opernion of the tape transmitters. The tape
passi.g through transmitter § brings the set of con-aoct members 6, 7, 8, 9,
and 10 agminet bus bar 66 or bup bar 67 in = pornciative manner; similerly,
the tape passing through transmitter 5' brings the set of contact members
6', 7', 8', 9%, and 10" a.ainet bue bar 66' or e bar 67 in a permutative
manrer, ’-:‘}_w. circuites are such *hat onl; wnsn homolosous con'.act menbers are
in contact with opposite tur hars will curr«nt flow from powar source 33
through the maguet controlled by this pair of homologous contact members.
The tape stepping ousmeis 36 nnd .Y are controlled by = contact operated

by the univerzal bmr of the keybhoard.

=10
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The object of ouch sn arrangrenent wit . fTwo interacting tape
trangnitters ie %0 provide & very lohg resultant, or secondsry cipher
kay by the interaction of two relatively shori, primary keys, Yor
example, suppose & circular -ape containing 1000 charactera ie pasged
through tane transmitier &, and anotir ¢ircular tape containing 999
characters is passed through tepe tranemitter 5., If the two tmpss» are
sarted at given initial points snd are moved furward synchronously by
single =tape, then there pame initianl points will not again present them=
selves similtaneously to the contact ping until a total of 999,000 steps
have been mude, Thue, teo key tapes of 1000 and 999 cherac-ers produce
8 res:l tant key of 999,000 characters. |

Going one =ztep further, th-ee or more tana transmitters may be
caused to interact to produce stiil lomyrer resultant keym. Tor examle,
three tapes 1001, 1000, snd 999 characters in length will produce by inter-
action & resultant ke of 999,929,000 charscters. Yig. 3 shows how three
cipher-key tape transmittere would be i{ntercontiected to bring thi=z adbout.
Transmitters § and 5' intersct to control relays 11', 12° }i@, and 18,
he armatures 6", 7", 8", 9", and 10", of the latter relayes asct in the same
manner as do the contact membars 6 to 10 and 6 to 10' of tfzs tape trange
mitters 5 and 5°, respactively. The interaction of the armstures 6" to
10" with the contact nebers 6™ to 10" of the third transmitter £V,
controls the opera-ion of ;::m;fnmﬁ 11 to 1E, wihich serve ithe functiion ine-
dicated by identieally muiberod maymu‘s of Pigu, 1 and 2. The {ape-séépping
mognets 26, 367 and 36" are all in the same efrcuit controlled by the uni-

varsal har of the keyhesrd, so that all three j:afﬁel are moved synchronously.

11
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3y an exteneion of this mamer of intercomnectings tape tranmisters
and relays, it is possible to have & set of four, five, or nore iupe transe
mitters all interacting to control collectively “he magnnts of the cipher~
wheel stepping mechanisms,

It is one of the notable features of :y invention that whils employe
ing all the permutations of the Baudot code, 32 in number, as keying charac-
ters, the finel crypiorrnm is comnored of caly the ueunl 26 letters of the
ordinary nlvhrhete “he zix extra vermuintions {-hose other than the ones
reprecenting the 2: lettvrs nf the alphabet ), which, in sys*ens using the
Baudot code as a basis for a cipher key, caure much diffficulty, svither in
their slimination By sutomntic meansg or {f the lattsy is not possidble, in
their representation in written charaoters hsving standsrd equivalents in
the Morre code, have hoen auitomatiesnlly eliminerted frorm the oryptograns,

since all the Baudot perrtstions have buen excluded from direct in‘ermction

with the mesargre characters in my 3, etema

12
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permutation of the cipher wheels upon the shaft, that is, the order of the

wheels from left to right or right to left between the stationary disks

Eocle

must be inaicasted. Thekcipher wheelf consistsof two rings of 26 contacts, owr

the. stRarv

€% on the obverse face,Aene on the reverse face; the contacts of the
J%a ;wA~JLQIi{L Covduscker F‘“““;zjﬂl“““ﬁzV‘“a* “AL&JL

obverse face are connecte%ato those of the reverse face in =n entirely random

manner. The cipher vheels bear iaentifyinp designations anu are interchanreable

M'\Hl‘.LT‘ rositiorna unon the ah'xi #ni-ga.aob thitordcz.m—-..-i'rr-h-'bhey-we-to

i - T—— S ey

K;f;;r exnple, in & crytopraph constructed for five

cipher wheels, the key /-1-3-2-5 may meen that cipher whecl number 4 is placed
in the first pozition next to the left stationary uisk, cipher wheel number 1,
in thc second pocition, anu so on. The cioher vhecls may be insertcd on the
shaft in a right siae up or up ~ide down position. Since thu wirings within
the respective whecls are different, it is obvious that each of tho lOx#xbxgx2 or

ara avonlodile. Ll prcd Rarwto o

3340 different permutations of the tive uheeluArlll prouuce aiff'erent cipher

’%\N Saasy oty "W

resultsAbecause the complete pnth throurh the whole set of vhecls i3 ectablished
by the juxtaposition of five oupernie paths, one in cach wheely, The seuuunce
or arrangenent of the incivieunl ciphor wheels upon the shaif't will hercat'ter
be callea the permutative kxey. The second part of the key i the npecific
elifnaent of identifyin; wmarks on the peripherics of thu cipher whecls alter
ithey hove been insertec on Lae snaft according to tne perautative koy. The

periphery of each whecl benrs a4 scries of 26 identiflyins cunrrceters corrcgponding
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permutation of the cipher wheels upon the shaft, that is, e order of tAe€

wheels from left to right or right to left between the stationary disks
Eole

must be inaiceatec. @hg\cipher wheelf consistsof two rings of 26 contacts,owzﬁwu?r

the, stfar

e8¢ on the obverse face, eme on the reverse face; the contacts of the

s Ay wonlodBde eovdischee porong Mnragh R ol

obverse face are connecte%‘to those of' the reverse face in =n entirely rondom

manner. The cipher vheels bear icentifying designations and are interchangeable
. TR

ot .(MNLf&flb Mh1u‘1 a~»&-»¥ v L»o&*‘Jl}*b otTL&'LhP‘Mld\.btv\*H&*ﬁbh

LMNA?nnLr sositiors unon the shqi #&*ﬂﬁ-gi¥Ob thirordoz ka—~h:—h—they—a:e-to

e 4B 9 ——n

: K;/;;r exmple, in o crystopreph constructed for five

cipher wheels, the key /-1-3-2-5 may mern that eipher whecl number 4 is placed
in the tirst position next to the left stationmry uisk, cipher wheel number 1,
in the second position, anu so on. The eipher whecls mny be insertcd on the
shaft in a right zide up or up ~ide down posilion. Since the wirings within
the respective whecls are different, it is obvious that each of tho le&xéx}xZ or

33/0 different permutations of tie five mheeluhplll prouuce aift'erent cipher

*?a‘ulgAgg,\ S L. FMAAvu*JHLAﬂ{hAJ

resultshbecause the comilete path through the whole set of vhecls is established
by the juxtaposition of five sepernte pnths, one in cach whecl, The scauconce
or arrangement of the inuivicual cipher wheels upon the shaf't will hereaf'ter
be callea the permutstive key. The seconu part of the key i~ the specific
alirnaent ol identifyin; waarkc on the peripherics of the cipher vhecls after
they hove been insertew on tue snaft according to tne perautative koy. The

periphery of e~ch vhecl benrs a series of 26 identifyin: cusrsciera corrcsponding

al
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to the.26 stopping positions of the wheel as it is aisplaced by roteation on the

shaft. Tre initizl rotatory positions of the five cipher wheels relative to
/ : .

&

\ ore another cnu to tie stationrry Zend aizhg, ¢ desi;nated by the,K sequence of

aoo.Qa:«»@J\. o O MMV-\MKDWMMW
tie icwentifyin- carrrcters om thedr ger'_hcllusA :11l hereafter be callead

tic rotrtor; wey. In ery togroshs of the type under consideration the permu-

trtive key reacins tirea, as < rule. throuihout the encipheruent of a messsge

Ol b 08 Bratone (0 po

initial rot-tory key usually changes fron messsage
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to mescnre. '3 ‘
=
Jdow in alL eryoto raphs based upon the usc ot rotatable cioher iheels of ?
Y
rd
¢

.
L\

-

tac tyose rererre. to above, mro arran:eu ss ilnudcetew. wemns nre caboaied

Citedin Lo cr,\to;rﬁgh ror -utcanticelld; c¢lirngin_ the rotatory positiors of

cle, mene

the cioher uvheeln conrte of enci herin; or declihering r mea.sgze; these

'Euuyex QCL&mﬂt

- N - g - .
aetuns are elucys of cuce.. o nnture 20 bto ke these champes oi a deiinite ana

3
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Jsreseter.ineu character. for ex<wole, in Zobevn, U.S. 2atent no. 1,633,072,

the fiteu character or the successive rotatory movements ot the cipher wheels

,.:’!'

iz explnined in guite a aetailec a-nner, ana the 3@& i+ true as regards similar >
Vo M\W ,) Ma o‘s&w wQ\ntQm an *Cu».n dans w,&««&a‘v Yo *Q“Ofé

ol motion )rocuces predictnable

relationshiosn between the jlain-te. t charzcters mnc the cipher characters for

crysto. ragns orouucea Obrouu.A 'llﬂf;

ony (iven initial pesembmtiyr—sme rotntory key. Thus, shoule the crygotograph

ana cipher ameszozes frll into the hanas o1 un-uthorizea parties, the lattcr can

<

place themnselves in a position to decipher the messages largely as a result

o f redetermmined nature of the successive rotatory displacements of the
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Cloner reeln, cvon toou s tie jriti-ol soors usy rot be :no:n.
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1~ ~ecou.lizhee by sesns of thae “neel-
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treastbter oo L in -l Spem [ oA G, Indlc oeneriotinon I sho a cry »to-

AL
STl 3D e el of rive retatedle Cloner “needs tn: oo transmitter usin:  olurcl-

LAY e unoGs 1Lon S secrinotione o tio elvoint torou B five Jogiticna,

LUl giwlon, bt v Luoveiatize Lo oo lic vie ty = eri Ao.r- . uzliy =

POOETO v G mLubLT of cisher vneels «ne + Llural-unit cove of - o tf'Zerenrt
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T e clttlers Sz ileori_. 1ot of the type well rnown i Jrinting
Beblor o, wad Oni, one or ke utunl .0 vus bars re conncet: ¢ to current
uree o tulc e-nel The trenssitter ico oper~teu by ¢ tape beering a series

20 rarecrobions erauteu in accordsace ita the B-udot coae. The Jerior-tizns

: Lot b0 contral tin action of the five cort~ct acabers ¢-10, which, in
turn, tnroi, b the circuit ineluein: Lover source 2+, ana conuuctors <1 to 22, »~aue
sunteol too cetilon orf tne five arpnete, MLy LG, 17, ur, 15, as a seb or clouents

Soorrcele Lo pocwabotive weomer, 3 wili be chourn subscuentiy.
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' The magnets 11 to 15, with their ‘associated stepping mechanisns, whicl

~may be of the ratchet and pawl type,. control, permutatively, the displacement
—@‘_-_"-'__-———_/4’. " .

in stegghise manner, of the inaividua;:cipher nheels 16 to 20, =nd thus con-

tinuously vary, in an irregular, aperioaic manncr, the rotatory positions of

Yoy R N

the five cijsher vheels in encipheraent or decishcrient. It is assumce naturally
that corrGSQOndenthdﬁﬁéibe ecuippea ;ith similar cryto;raphs and similar cipher

wheels, wirea identicglly, wna that the corrcspondents are proviaed with identieal

Y.

xey tapec for controlling the mov;mcntsiof the cipher vheels. The esnct initial

permutative an. rotstory key ena the initini point of' action oif the key tnpe

-
.

must also be the snuie betwecn correspondents, ond can Lo preueturmined by

agrecuient.,

Tiue orking arrengeaent may be such that on the baew stroke of' any koy

of the keyborrd, n:éontncto)jl, contrnlica by # universal bar on the koybonrd

is closed, and the cirecuit {ron yowér-nnuchz;35, tor opurating the tapo

btep-tforumra marnotg, 56, in closed. The ncit charscter on the tape is broujht

.

into play, the cipher-whecl magnetr, 11 to 15, nrc opurntea nnu the ¢ipher

shells are set to A nen Locition Ior:@hu eneipherment (or decipherment) of

heS

tie ne.tt charscter ol th i.l(.:i.;'),;'(,.

—

The eneiphering ~deciphering eifeult: L 1il! now b set fortn in detatil, }

\ mrhe b, LAy @ K2

3z accunc thet the cryytorruqhtn.to enciher a mesans o, A(gérﬁh}mochnninmg
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£2, carrying a series of 52 moveable contact members similar to the four
shown at 37, 37¢, ?8 and 38', all mounted on the same base, is set to

"enciphering®. This brings contact member 37sagainst contact 40, contact
member 37' against contact 42, contact membe? 33.against contact 44, and
contact member 33' against contact /5. Suppose key"A" on the keyboara is

/

. //
A depressed. A current from power source/b flows along conductors .7, 43,

tharougn closed contact 49, conauctor 41, contact member 37', contact 42,

to 51, which is one ot the contacts on the left-end fixed disk; the current
then continues along a zigzaygy path through the cipher wheels, emerging at
)
52, which is one of the contacts on the right-ena fixed disk, thcnce along
conauctor 53, contact 44, contact member 33, concuctor 43, through lamp or
inuicator "Y', conductor 5/, bacii to the other sole of power source 46, Lamp
or indicator "Y" is energized enu the cipher eguivaient of "A® is "Y', for
the particular settiny of the cipher .heels shovm ir the figure.<;iii/f/fif_
ferent setting of the cih.r vheels, depression of "A" woulc yield some other
letter. 1f the cipher ivreels are aisplacea each time key WA" is depressed,
v
Couan X
the successive cipher eguivalents —ili behﬁifferent, ana will vary in a com-
vletely aperioaic mamner so long as the disolacements of tne cipher wheels
are aperiodic, as woula be the case in my invention with a key tape con-
sisting of a random se_uence of Bauaot perforations. The arrangement st t

keyboara is such that on the release of eny key a universal bar closes th
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circuit for operating the tape stepping mechanisn as €xplainea above, thus

cauzing the particular 3audot charscter then et tice Ley-tape irensmitter to

%

2ctuste the Five ra.rets 11615, and thus set U2 = new rotatory arrangeament of

.. A
true cijnee Lneels 1oz ;.

_ e brad, d!‘,v‘_ [
wet uc now reversze i opveration -nu deciher. in this case tre serewg

’,,yf’
25 :
47, Lor brin;in; the crytosra:h to the decionerin: concition ir set so 13 to

brin  cont ot eaber 37 2gainct contsact 35, contact member.37' against contact
56, eontrct Aeaber 22 g orint cont et 57, zan. cont-et sember 73' areinst
contret 530 The Ciprer “hele Lo-l) ape asruwicau to be st vilactly the sane
rototor :u;;tiun “hpocre ir ouneas MAM gag encighéreu ;nc groducea cipher
it No o e upere £y "ﬁ” i T loyuLonr, A curreat froé JOVEY source /6
SL0. tia o cher s 07, 22, 2low: cont-at o) at "i", concuctor 61, contact
eaber CUU eopntaet 5 cennuwuctor 2, zontoct -4, conauctor 53, contact 52,
tronce torouw s tine cisher waeclo, coergin: at contﬁcp 51, thcnce along con-
cuctor 20, cont-.et - &, conunctor 03, contact 55, contact deaber 37, conductor
"), taneo tharouch Leuip or in.icotor WEM . cornnuctors 04, 5. bac- to the other
»ole ol Lover source /6. Thus lamp or iruicator uaw ;s actunted ana cipher
"Y' reprowaces oloin tent nen,
The recioroc-l relationchip between all the 2lein teat anc cijher letters

i accow tished in tre saue way; only rour of the 52.cqntact aembers shown at

37, 37", 33 sna 33' are inaic+tea in the draiing, but they are all mountea upon
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one base and are wmoved into their enciphering or deciphering position by the
¢ "'3:0*- Py

single sewew 63 which moves them I a set to the right or to the left for
enciphering or deciphering, respectively. ALl 26‘upper right-hand contactsbn
this moveable glate, similar to those at 40 #nd 44, are wired to the 26 contacts
on the right-end fixed disk; (all j26 lower right-hand contacts of the moveable
place, similar to those at 42 and 45, are wired to the 26 contacts on the left-
end fixed disk. This arrangesent for effecting reciprocity in enciphering and
deciphering is, however, not a part of my invention. This mwethod and others.
for accomplishing the same purpose are knouwn in cryptographs of this type.

The effect of various keyin;: arrangements with the cryotograph of my
invention will.now be shown and will be taken up inuivioually.

First, let us assune that the herisentmd pcrmutativht?f'cipher wheels
ana tne key tape remains the samc for a sericvs of messnges. Thu key tape
may be ctarted at th. sone initinl point for all measages or at dit'ferent
initial points for uifterent messages. Asswning the former casc, diversity

ol it

of cipher resultants for identicnanessngcs may be brought about by diff'erent
initinsL rotetory positions ol thc rive cipher whecls. For cxample, o meusage
beginning "Proceeu at once", enciphereu with the inltial rotatory key "ihiteh,
will yielu o difterent cipher ol from thnt'unclghtrcu vith the inllial ro-
tetory key ".rite'. Thar, ?anc there arc avoiloable, with 4 oot of five

cipher .uecls, 267 aitfereat initirl rotutor, keys, fhe potuntinlitics of

tne ery . torrauh in this rec.ct arc apparent.
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Now assume that the key tape is in the form of a continuous ring ang
can be started at different initizl points. A message enciphered with thé
same initial rotatory key can be encipherea in as many different forms as
there are characters on the key tape: if it is 10,000 units in length,
10,330 versions of the sane message can be produced-by starting each messs
at a different initie: point on the tape.

It goes without saying that by'using many different tapes, and changing
the horigeonbed permutat}#nxof the cipher vhecls on the shaft, the ery.otograp]
will afford an almost limitiess diversity of cryptogrsphic results.

All the foregoing variations are entirely aperiodic in charactér, S0
that no cyclic pheénodcna such as ere used in the anelysis of the usual type
of automatic crystographs are available for solvin: messages produced by
the cryptoyraph of_@y invention.

Fig. 2 shows tﬁa-tape—transmitters, 5 ana 5', jointly controliing the
na nets 11 to 15, which are identical .ith similariy designatea magnets of
Fig. 1. In this arrangement two differcnt cipher-key tapes in the torm of
continuous rings govern the operation of the tspe transmitters. The tape
passin: through transmitfer 5 brings the set of contact members 6, 7, 6, 9,

66 to7
ana 10 against bus bar ¥ or bus bar @& in o permutative manner; similarly
the tape passing through transmitter 5! brings the set of contact members

) bo! 7'

o', 7', 3', 9', and 10' against bus bar s or bus bar & in a permutative
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manner. The circuits are such that oniy when homologous contact members are
in contact wit. opposite bus bars will current flow frox power source 33 through

tre magnet controlied by this pair of homologou:z contzct members. The tape

LanDN&Q££<& &fumxilzkg

stepning wmaznet- 36 ana =6 argNée%aaxea s -3 contacthganznol&cd by the

univers~l bar of the ieyboaru.

i Tun ;hde\xxgtLu:Q ;b14°1 )SLQ“‘QA;AIIL&ﬂ

Tne op ect 01 suer. =n arrong e nent 1t to proviue 2 ver; long recultat,

or secoraqry cloner sey Ty the Lrteerctlon of tio relativel;r short, prinsry

sbyoe  4OT €L ke, cuppose 0 sirender tooe contcining 10)0 cooracters is -

v ey oo b sl tron dtrer y, n cnotner wirculsr topo contioining 323

srorncbors loooncooee tirsy L tooe troasaitter 3'. L-the tro trpec are

shent oL o4, Lven Laitlisr Loints aae wre wovea foznoaa 3icaronously by sincle

-, ,
: - -&.l}(’c\""ﬁ&lc‘&
e sy b g e aedeeast’ initi-l olnts wiil not agsdn present th;JsuLvesA

Loob oo st b i o ot L oo 292,000 rtepz nive been anue.  Thus; tho

o, teaus o 1ds) an. o eharncters: prouuce a resultant hey of 392,000 chor-

Goit. b sLop turdl or. taree or aore trpe trewcsitters amany be causea
to intoraet to ,rauugu stoedl lonyer resﬁltﬂnt icyz. ror exnm)le, threec tapes
Lo, LJud, ane 3)) charncters in length will proauce by interuction a
recuttont ey ol JJL,332,000 characterc. Fip. 2 chows how three cipher-key t-pe
tran v oitiors Loulu bQ wnterconicetea to bring tnis about. Transmitters 5 anu 57

interact to control rulnys 11ty L', 13', 1s/', n¢ 13'., The araatures o", 7"
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3", 9", and 10", of the latter relasys act in the same manner as do the contac
members 6 to 10 and 6' to i0' of the tape transmitters 5 and 5', respectively.
The interaction of the armatures 6" to 10" witan the contact members 6™ to 19"'
of the thira transmitterg) 5", controls the operation of' magnets 11 to 15, which
serve the function inuicated by identically numbered magnets of Figs. 1 and 2.
The tape-steppine ma:nets 36, 36' and 36" are all in the same circuit controlled
by the universal bar of the keyboard, so that all three tapes are woved
synchronously.

By an extencion of this .nanner of interconnccting tape transmitters and
relays, it is posnible to hove a set of'four, t'ive, or more terpe tronsmitters
all interactin;” to coutrol collcetively the magnctn of the ciphor-uhecel gstepping
mechanirms.

It is one of tne notauble fentures of my invention that while employing
all the perimtations of thc Baudot code, 22 ir number, as keying characters,
the final cryptorras is composea of only the umual 26 letters of the orainary
elphabet. The six cztrn'germutntion: (Lhoso otlier than the onco representing
the 25 letters of the PlphﬂbLt),.ﬂhich, in syostwns using the Buudot code as g
basiz for a cipher key, cause much aifficulty, c¢lther in their elimination by
sutomatic means; or if the latter is not possible, in their reprcsentation
in vritten charscters having ctandura c,uivalents in the dorse code, have been

atomatically eliminatea fron the cryptoprams, since all the Baudot permutations

have been excluded from uirect interaction with thc mescage characters in my system.
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