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Tbla 1DYWDt1oa deala wltb oryptosrapblc mach1nar, tor automatioallJ 
eao1pber1ag and deolpberiq MIMgea. Tbe obJaot ot the inYentioa J.a t.be 
proy1a1on ot a cryptograph with a ke7board tor hipapeecl IIBilual operation, 
a baDk or 1Dcl1oaU.ns daY1oea or eleatro•.apeta tor raotiDg or reaordir&S the 
cipher IJIRbola of the •••181•• aa tbe latter are belnl eolpherecl, ud tor 
aottns or reoordlllg the plala•ted lettera aa the ••nc•• are belllg de
oipherecll ucl certalll olpJaer1D1 aeohat•• lnterpoaH 'bltfta. the teJboard 
ad the beak ot 1Dclioat1D1 deY1eea or aleotro••peta tor conatantl7 obus-
1111 the relatioaebip betw• the meaaqe obaraoter• a4 the oipher apboll. 
The inY.atloa la primarily ooacerned onlJ with the ciphering moohani .. re• 
tarred to allew, which :11 of ample clea1p but aeYtl'tbeleaa Jielda orypto• 
sraa• ot 1reat eeours.ty. Thia olpherllls aeohui• •plo)'a •eaaa whlob are 
aoYel lJl the OI"Jptoarapblo art. la that lt :l.aftlYee operation alons a tiM 
axle, aad the exact or,pto,raphlo reaulta are depandaat upon a tt.e taotor 
wllloh 11 ooaatutlJ obaasla& in an lrreplar ~~aDDer • 

.... 
The 1DYent1oa la deaorl'-d la ooanootioa with tour tigurea. Ill• 1 

le a diqnaa·Uo repre1eatatloa of the part• ot tba meoballl• toaether with 
oertain olroult arrans .. eet•• Fll• I le a dl..,..atlo repreeantatioa ot 
aeaaa tor laparUnc UDlqu•••• to ••••••• o'feJl wboa the latter are •· 
olphered bJ the ... keylns aequnoe. 111• I la a dtaaraatlo repreaenta• 
tloa of the elenrloal e1rou1ta appl1calale to the eyat• aho• 111 n.a. 2. 
Ill• 4 1bon • alternat:I.Ye 1oh- tor 0111 ot th• h!teia eliUiltl of the 
~~eohalll• ebo• :la n.s. 1. 

BPPI.O\/ed for Release by NSA on 09-30-2013 pursuant to E.O. 1352¢1 



REF ID:A39539 

Iu Fig. 1 the princlpsl elHeDtl oou•la\ ot a ke7boerd 1, a baDk 
ot iodlcatiD~t device• 2, a rotat'- oiJ!ber a--.atator hereinafter aalled • 
rotor '• a distributor 4, a cea-whHl meabard.• ' tor produo1.ftl a olpb.,. ... k_,., 
a perautatiou-tranelation aeobnDiam here1aetter called a trasala ... 6, aDd a 
s•l tchboard 7. 

!be tund~••ntal cr,ptograph1o principle ot the preeeat 1nveDtlon 
11 •• follow1. JCe;rbOZird oper!ltlon i1 C:Jalic 111 character end la performed 
•1th a cadence sillilr•r to t.hat in telet;rpe operation. Dur1nL euch O"jC'!.f' ot 
lceJboard operation, hereinHtter referred t.o aLtJL-. oj)erating cyele, the 
auaceae1Te alphabets or a ooaplete eat of 2('atudcipher Plpb11be"a ere 
preaeD.ted in n fixed eequence, !or iJC)tential Mpl01JIIent in enclpherlllllt or 
decipherRnt. Onl.7 one of tlt~ cipher al?h~bate, however, le selected 
during enah operotin& C)'Cle lln~ the aeleat1on ia •arled in aucceaeive operatlnc 
C7Clea according ~o a ••r,r loDt cipher key established by meana to be detcribed. if Broadly apealdn&, the fOI'egolq or,yptogrephic operation ia acoc•pliabed 
practically a! !ollowa. the oparatinc cycle ie ~i~ded u~ 1Dto ?6 e~ual 
tl .. -inter~l• by meP.DR ot the d1etr1bvtor 4, ~ad a letter may be eac1 
(or deciphered) within anJ one or theae interYala bJ mer.n1 of the rotor 3~ 
the kerboard 1 ~nd bank of 1Ddioat1ng deYicea 2.a11eeia~ed .~ t~e ••• .. 
A apecitic t1•e-inter98l 1~ .. lected within each operstin& c7cle b7 •eeae ot 
the tranalator 6 wbiah ia a•aociated with the distributor 4 ~nd·tbe ... itob~d 
7. !be ti .. -inteiYal that will be celected in each ca!e varies with aucoe1ei._ 
operating cyolea aoooriiog to a key watch ~ produced b;r the cam-wheal c1Pber
key .. chaniam 5. Each interval will yield a different result ~or the s~me letter. 

The keJboard 1, compriaiag 26 churactera equivalent to tbe lettera 
ot the el;Jhrtbet, has a correepondiq ~er ot ooatt.cta ot''llbich onlJ two 
are ahon "'t 10 and 11, aorreapoadine to the letters E Hnd Q, reapectlwl7. 
!he baak 0£ 1Dd1CatiDg devices 2 B~J tske the'forr. of glow l~•pe wbiah Rre 
1llua1Dated when current pae~•• through the• but a preferred .-bodi .. nt 11 
to baYe t.he 1ndlaat1og de'Yiaea take the torm o!t_~oleno1de trblob operate tlae 
k-.,a ot a recordina typewriter, to that a prlny-u record of ~he eDciphered 
or deciphered ...... 1. _, be ••de. ~ ~~- ....... r:.·• t;. .. .,., 

The rot.or 3 1& a clpher-oo.-utator whe•l ot fo1'11 now well known in 
the U7pt.osraphic art. It 1a 110unted on a rotetable lhat\ 1='. Preu1q 
ngaiut rotor 3 Are 'bro etatore, a lett-band atetor 13 sad a rlp~aad 
•t.Mtor 14, eaoh ~o'rided with a ring ot 26 bhll-bearin& ud eprlng CODtact.l 
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iaeulated troa o• oother &Dd exertiD& a alight preasure apiut the 
f"'Oe or :rotor '· j, aow:r9JI•-drawing I)Ower from so~ce ~ d:Lfives tl}e Shaft 12 
a.Dd thue tbe rotor ' at • coaateat speed between the 1tatot1 ll llllld 14. 
tile rotor 11 made ot bakelit.e or eilllilt!lr in•ulating ar.terlal and con-
•1•t• Of tWO ...... ,_ a left--baDd ~and a Tipt-brlDd ~ 8fiM ~eaPiltl 
a rin& or 26 contact aurtaoea A, B, c, ••• Z, equidiet~ntl7 spaced t.roa 
oDe aDOther ciraU11t'HeuUul7••• •II• "'*•• ,.... lneulated oo~ctora 
pa11illl tllrou&h tlae rotor -F&ot the 26 oo•taot eurracea or the lett -io.c..t.. 
...-,. to thole of the r1pt , 1D a IDE\Jmer which 1& reciproc~~ pair a. 
!hat ia, it A cp_ !·~• lett btilt' 1a connected to 1 op_~l:\e right , then 
J oa the lett fliill"'l1 connected to A on t.be ri&ht WiH--_~ Thu1, .,.-tth 1) 
paired eoatacte reoiprooi~ 1a the eaoipher1uc-dec1pber1ng relatioa~hip 
is obta1Md witbout. apeaial nitchiDa a:rraDp~UDtl therefor. 111 ia tile 
ea1e et eerMia otii:N D'IJptapl .. l •ple,i•l ... u$&111 oi .. el" M nat.•••••• 

The diatr1'butor 4 couiata of a aet Qt 26 equal-area ••s-•• 
or contact surtacea 15, iuulated froa ODe another E:Dd diat.ributed c1r
o•terentiall7 oa the taoe or the -11etributor. J. brwdl arm 16, on ths 
aa• Uatt 12 aa tbe rotor ), aweepa over the f!lCe ot the distributor 4 
at a aoutaat rate ot apeed IJilOhronoua w1 th tbP t ot the rotor 3. The 
rotor· 3 aad bruah ara 16 are keJed to the lhatt 12 eo that t.heae two 
ele•at.• are alwa1• ia a fixed qgular relat1onabip with respect t.o the 
8h•ft. 12 and cnDDOt be aapl.arl)' ctlapl.aced relatin to e~ch other, due 
to allppa .. on the ellatt. J..rraq .. Dtl .:U.J be aade, however, t.o chanp 
the relatin aDgUlnr poalt1oae ot the rotor and the brulb ara it desired. 
Brueh arm 16 teraiDF:tea ...a;s bruab 7.3 which aweepa oftr dietributor 
aegaaenta 15 aad eatablillhee aoaentaey cont,ct with e~ch of :_be latter 
auoceeaivelJ. Diatributor •e...-~1 15 are connected to the ri.tt-htDd 
aet of tendr&L'll 72 o£ JWitchboard 7 by a aet ot conductors 17, of which 
oll17 a tew are ehowa. 

The cc.•-wbeel c1pher-lr:e)" Mohaniaa 5 proTidea a long cipher lc:eJ 
tor OQptoaraph1c purpoaea. It ooneieta of riTe or a mulUple ot five 
Od-beaJ"iDI wheel I 21, 2' 1 231 24, 25 of -"11tferent d1a•tere • The periphe!'J 
or uoh wheel ie di Tided up iato equal aepata to which projectinc luce 
aerYlng to aot aa caae .eJ be attached or into Whioh c~m• ~7 be ineerteds 
the nuabera ot aepe11ta oa the difterent wheela are ~etersbl7 :LJrime to ou 
enotber. Por e:11111ple, wheel 21 P1 h.l.lft 100 aepeata, wheel 2;:! 1187 httw 99, 
wheel 23 887 htve 97, wheel 24 a&)' baTe 91, ~>.nc! whHl 25 ll'SY haft 89. ftxed 
to the• •eele are ratcheta 26, :n, 21, 29, 30. The INIIber or teeth ill 
each ratcbet 26 to .30 correepoad• with \be -.ber ot aepente in the oaa
beariDc aHl with wbioh the ratohet la ueociated. Pawl• 31, 321 '-'• ;t4, 
35 oa. • rHker ara 36, which 11 operated b7 M~~Wt• YT, 31, drift the caa
beariDI wheel• in a atepwiee aeDDH", UDder control or a UD.lnraal bar k87-
boar4 conteot 39 throup power aouroe -40. lacb tiM & kq is depre.aed 
rocker am 36 aad the pa•l• 31 to '' aene to atep •heela 21 to 25 forward 
Olll iDtarftl. fbe oaaa OD the peripberiel of th• Olla-beaJ'iBg wbeel1 21 to 
2' aoDvol cont.ect le'ftre .41, 42, 43, 44, 45 and the latter operate coutaate 
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•••oo1ated therwith, 141, 1,2, U3, 144, and U5. It will be understood 
that. the •epente on the per!pheey or each wheel 11 ~o '' ere smcoth eur
tcces except where a ou ie inserted in or att1:ud tO/ the sapant aDd ea ah 

D.; 
wheel u,- haft li!&BII!Jf"'BR•IMitlee~•.,.el~~•hlillltiiiPMe" Ct'll' inserted in ~.he slotted sepeute. 
Contaot le.-re 41 to 45 are therefore ra!aed and their aasociated cont~ct1 
141 to 14' are closed oaq when ca•• are preaented to the11 by the progrea
lift 110ve.ut of the whew 21 to 25. Furtheraon theee contact lenr• 41 
to 45 will be operated in permutntive groupingp 10 thc;t :•11 32 poesible 
Bcudot-code oomb1netione •1 be aet up by the contacts 141 t.o 145, for 
ke7ing purpoees. Controte 11..1 to 145 are coonected to co~nctore 46 to ~ 
aDd control aagnete 51 to 55, tho function or ~ich will be ~eacribed prea
ently. Ifow a1nce the cl"a-benring wheels ~1 t.o ~5 c:re or ·'1ffereDt dieHter• 
end tho1 ~-11 ste!J f'orwr>rd. one step fC'Ir each depression or r key on the kq
board 1 1 it tbeee wheels are initially r;.l1gned r.t a banch llbrk EO es to 

~a~ 
correaporsd to r. cipher kef, this lni tiel ·nllgmaent "i11".-."'pee~:r onl7 after 
100 s 99 z 97 x 91 x 89 or 71777,L69,700 letters hr.ve bean enciphered (or 
deciphered). !hus e. ciptutr key ot grant length 1a nn~e Fln.1lsble for CI'Jpt-
ographio purpo•••· 

!he traneln tor 6 1~ 11.n inatrwaentr.ll ty well known in t.he srt or 
priut.iD& telegra!)hy. It coneiBts or a set of five trenslator bora; 61 to 
65 which are aorawlly held in position by the retractile s,r!ngs 56 to 60. 
The trf'l.nela\or bars nre alotted according to t.~e requiremtmts ot the Baudot 
o~ 5-UDit prtatlac telecrapb code, so th&t '2 dirter.at al1gaaente of •lot. 
uy be present'l4 to a set or 32 stwt bars labeled 66. ODly orse 1tuDt bar 
can drop into a apecit1c alipaent or &lott~ aad when this occurs a contact 
eaBOciated with the eelected •tllllt bar is aloMd. Several or theM con
ta~ts are shown at 67, it being obvious tbet there are 32 euoh contaota in 
all. These contacts 67 ere connected to conductors 68 which lead to the 
set ot 32 terminal• 1:/J ot ••1 tohbosrc! 7. 

It will now becoae clear that the caa-wheel c1pher-keJ meohaa1 .. 
' serves merelJ to eelect one out ot 32 ciroui t1 leading to the ten~a1aall 
69 ot nitchboard 7 and that this eelectioa, being quite v~riable .aDd depend-
ing upon the aucce8&ift permutt.tiona eet up by the cnm-whee~tl"~t'' 
thUI! produces '- loD&, ...,,riable ae~"""ce ot l<OJIBI! circuits "'t trJ 
keying character a snd !lere1nntter ret erred to &~filing olaaMe\ePI. po. J 'vA • 

The 32 iarainela 69 of switchboard 7 are connected to s correepond
ir&& DUIII.ber of flexible COnductors 70, l.lDd the latter tendrwte in jaolta, 
which MJ be iaHrW iato plugs 71 connected to terlllinnle 7"; on the other 
aide ot switchboard 7. There are but 26 such plugs 71 and each or thea baa 
a pair ot hole1 for receiTin& jacks, but only six of these double-hole pluga 
will bea.Te both bolea oq"fed bJ jacks. 87 this arrangement the 32 .?OB&ible 
reaul\&Dt ke1ing~1li eet up by traaslator 6 are reduced to 26, or . 
whiob 1lz will be •1oubla-etfeote•, that 11, in six caeea the same ke)'inl ~t: · · '. 

u~a••••er aay be brought about b7 two dirteril! Baudot permutations set up 
b;v the van1lator 6. lhloh aix lteJing ~ N these •111 be de;>ead• upoa 
tbe ••··7 1a which the flexible aon:iuators 70 are cozmeoted to plugs 71 at 8111 
giftn tl.lle. It w111 be He.a later th1.t DO ambiguity i1 occasioned b7 the 
pre&ence of ~ ke7ing oa~»aal .. whioh ia ot the 1ouble-affect type. 

~ ' ....... +--



REF ID:A39539 

-4-

Still referring to Fta. 1, the electrical circuit for cr,rptoara?hio 
1'11D0tionlng will llOW be de1cribed. It will be eeen that the circuit troa 
power aource 18 to the kQboard 1 a1t pe.ss tbroqh contact 19, wbich i1 
controlled b1 main relaJ I. s .. ce, depreaaioa of &DJ key ot ke7board 1 
during the time. contact 19 r ... iaa opea will produce ao effect since DO 
power is being dell vered to t.be 1r:e7lloard 1 aDd hence no circu1 t to the be.Dk 
ot 1Dd1catin& devioea 2 11 eatabllahed. Let ua aee now upon what circUII-
etance closure ot cont~ct 19 depeDdaJ in other word•, let ua see when Bain 
relBy 8 ri.ll be energi•ed. Let us corusider a apecif'ic O't)erctinc CJCle 3 in 
the loaa aequeuce of operatina cyole• !!• Durin& thiE c.:e>erating CJ"Cle bruah 
ar. 16 or distributor 4 will make a complete reYolution and a corresponding 
coaplete revolution ot the oipber oo.-utstor or rotor ), will take place. 
This operating cycle ,& U7 be regarded a.s being divided U? into 26 equal 
tiae-int.rYala ot TerJ short duration, each oorreaponding tc a spec1t1c 
eDgUlar position of the bruab arm 16 ~nrl ot rotor 3 in the circllllferencea 
through wbich theee two eleunts are in motion. 'l'be c1rcu1 t for rel&J 8 
includea brush 73, bru..h ara 16. rad one ot t.he 26 eepeRte 1' or diatributor 
4. lhioh ot the 26 sepenta 15 ot tiietributor 4 dll be •aliTa•, the.t is, 
connected to power eouroe 20 during operating CJcle ~ depend• upon the wiriDC 
at awitohbosrd 7 and upon the particular coR~ct ot tbe set ot 32 contact• 67 
which happen1 to be oloaed during operating O)'Cle 3• The latter depellde upon 
the epeoitic pet·mutt~tion or opertated :nad non-oper&ted tr•.a.o.slstor bare 61 to 
65 of traaalator 6, enn th1B depende in tum upon the specific posiUOD S!..Dd 
coapoa1t1on (•• :regF.rds cu•) or the cam-wheel c1jJb.er-k8)' meohaniu 5. Let 
us &IIWie that Juring this apecific operating cycle ,& the segment deeipated 
74 in Pi&• 1 is the one which ia •alive•. A circuit is completed a& follows& 
power cource 20, conduatar 75, •ain rele7 8, conductor 76, armature 77 nd 
baok contact 78 of relaJ 9, conductor 79, brulh arm 16 ::.nd brush 73 ot dis
tributor 41 the brueh then being on aepent 74 the current continues through 
aepeat 74, couduct.or so, to ODe or t.h.e contaota 72 of awitahboard 7, f,zad 
theaoe througb the awitchboa~d aloaa one ot the tle1ible conductor& 70 to 
one or the contacts 69 on the other side ot the awi tchboard., thence ~ loD& 
one ot the couductora 68 ao that one or the contact• 67 which ie closed by 
the selected stunt. bar 66 or tranalator 6, fin:·.llJ along cotuaon return coD
ductor 81• back to power ~ource ~0. Rela7 8 is energized ~t the inst&nt 
that brush 73 ie pasaiq O"Nr li'Vll eepent 74, ... nd since rotor .3 reYOlve• 
IJD.Ohronoual.J w1 th bruah ar11 16, the &Dpl.er poet tion of rotor 3 with reepect 
to its ate tors 13 aad l4 correaponda to tho angul.hr position of bru.eh arm 16 
at that inetaat. The cipher resultant produced by depreasing a key on key
board 1 will be determiaed b7 the bDiUl~r position ot rotor 3. Tbe re&son for 
tbia 1• t.hat aillce rotor 3 baa 26 cipherinc poli.Uons each yialdi~ a coapletel.J' 
different aet ot cipher ralultAuts for tha 26 character 1te71 or keJb08rd 1, the 
specific c1pber re1ultant tor a specific kaJbo~l.rd character enciphered dthin 
a epeoitic operating CJOle A depeDda upon the apecific Pegaent or distrib~tor 
4 which ia alln during that CJCle. 

!be circuit through the KSJbOard 1 1 the rotor ) BD~ the bank of 
indicating devices 2 will now be dr.acribed. Wtlen ~~ key 10 correaponding to 
the latter •E• le depr•••ed lur1Jll operating cycle~ nothiq happen11 until 
bruah 73 reacbe1 eapaa.t 74 ot distributor .4. tor the k:e,-boar::! re!ll&ina "dead•-., 
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UDtll that aoaent. !be inatBnt thlit relay 8 ir. energi.z~d, current iB 
delivered from power pource 18 through closed contact 19 and armature ~2 
ot relay a, Bloq aODductor 8' to the contacts ot ke)"board 1. Since con
tact 10 ie cloeed, the current continue• along conductor ~ to a contact 
on etator 13, thence throuah the rotor '• wbiob is. at that instant in ~>.n 
u~&ular poasit1on oorreepondiD& to tbllt of bi'UliUl arm 16, to a contact 86 on 
right 1tator 14, thence alone conductor 87 to indicating device or solenoid 
88, which correapom!e (in t.hie tieure) to letter •Q• 1 thence lllon& conductor 
90 through slow acting relb7 9, tinell7 along conductor 91 back to power 
source 18. Solenoid e~ 1a aotu.ted (or it bmps nre used fl l~mp if' lighted) 
to indic~te the cipher reeultaat •Q• tor Pl~in-text letter rt•. 

lhen olow-acting rela7 9 is energized the circuit for main relay P 
is brokGn £.t 78 ••n aruture 71 le withdrawn. A mechanically controlled 
trip 92 entagea le~r 77 and holds it awaj from cont~ct 78 until +he un1Tereal 
bar on ke;ybe&rd l returaa to noraal when the key 1e released, whereupon laYer 
77 is .:.llowed to tell baok nnd clore cont•. c1. '?S. The pur?Qee or i.ts "'rrr.nge
ment is to innure tbc.t ae~ maio .... De lett.er •ill be imic! tef! or printed 
per operating CJOle, that ie, per depression of a key on the keyboard~ 

lben the UD1 YerPl bar on the keyboard 1 reaches the end or 1 te 
downward stroke it oloeee contact 39, which controls the circuit to magnets 
'J7 ~·nd ~8. Rocker ara 36 1a operated, cau&lng pawls 31 t.o 35 to engage 
ratchets 26 to 30 all4 adnnoing c......._dag wheels 21 to 25 one nap forward 
to the next poe1t1on, aetting up a D .. Baudot permutation or contact-leYere . ~ 
41 to 45, associated oontacte 141 to 145, and magnets 51 to 55. J new keyina ~ 
callapaet.er is thus eatabllehed bJ traulator 6 and the &Jetem ia DOW ready for 
the next operating cyole. Inn 1t the eame ke;y ie depreaeed on the kQboar4 
the equivnlent pr~ the bank or indicatin& deTicee will be different, 
UDless the ke;yiq ~r happen• acoidentall.J to be 1,he sa• ae before. 
Continued depreaa1on ot the .... ke7 will produce a .-r,ring aequeDce or 
equiv:rjlenta correaponc!lnc in length with the length of the ke7ing aequezace 
produced by the cam-wheel •oba.a1em 5. Thie latter sequence is ot great 
length, as baa ."lready b .. a explained, being the resultant or the interaction 
ot five wheels ot ~ifferent dicmetere with different nuabera ot tee~, theae 
DWDbers belna pri11e to oue another. 

Since the OODDections within the rotor ) are reciprocal in ?nirl, 
a1 explaiaed, the declpberaent of a 2essage takee place by resetting the 
whaela or aaa-neel aechaaiaa ~ to t.he initial keJ poaitton ::Dd operating ... 
the kQboard 1 to correspond with the cipher letters, whereupon the plr:in-. 
text eqllivalenta will be produced P.t t~a bunk or indicating device• 2 • 

... 
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The meohanilll!l ahown ill FJ.g. l and described 1n the roresoing term• 
is auoh1 honYer, that it eeYeral mea~&gel are enciphered b)' the ...,. 
keying HqUtnOe they will be ia the same aeries ot ciz:·her alpha.'ltete and 
in thla aaee there exiata a poaaibility ot a solution by ol")'pla.na.l,.tlo 
prooecluN. To explaS.a wtat 11 •ut 11J theaa nat•ea.ta it ia naaaiRI"f 
to oall at tent loa to tbe tact that the cipher oollllnltator 3 proridea a an 
ot 26 cipher alphabets amd that balioallJ the OI"Jptosraphlo pr!.Jlolple ot 
the ayat• &I deMI'iMcl l1 Oftt in which the S.acli•1dual alphabete ot thia ••'l of 28 oipher alphabet• are 'brought into plaJ la ea Jl"der cletei'B11utcl 
by the terlnl ••cauence ••t up by the Oltll•whael•• 1'or o.uaple, etappo1e 
we oonalder tb11 k8J1ag •equllloe to be aueh tbat tor a gl.Yen k•J as eat 
up on tbe oem-wheel1 the tirat 20 alphaMta to be bJ"ought iato pl\lJ are 

Aphabet •••r• 11, 4, 11, 21, u, a, 11, n, 12, a, 1, 1s, 22, "• 13, 
l'lt 2&, 2, 18, Me How it eeYeral •eel&l81 lltart with the 1_. 1B1tlal 
cam•wheel aettt.na, t)l!_ .ueaesalw letter• at all these meeeagea will bl 
ia the •- 1equaeenti.plser alpbablta, ud thel"efore the aenral •••se• 
•r be euperilapoM4, :rleldl.ag ool111111 of' lett ere whloh are monoalpha betlo 
ia ooapoelt:loa. ot, eyen it the aeaHge• do aot atan at exactl7 tbe 
••• polat in the ke7l111 aectuen••• bu.t pol"tioae ot these aeaaagea oftrlap 
oae -.other with reaped to the kerlng eequence, the the onrlapptas 
poriloae which are in the ••• alpha11eta1 •1 be auper11lpoaed. ror 
u•ple, aelng the aaae eequenee of alphabet awa'bera matloaacl aboye, 
aupPOH a tlrat ••••ae bella• with alphabet auaber 1&, a aecoad. •••u.ge, 
wlth alphabet 4 1 a third oae, with alphabet 19, ucl ao oa, :lt i.e •erelr 
aeoeaeaJ7 to ehlft the aeeoad •••••a• •• letter to the riJht ot the 
tirat, 1hlft the tbil'd ... aage oae letter to the l'ilht ot the teooad., ad 
t~ all three meeaace• wUl be pi"'perly aupertapoee4 with "epeet to the 
tertn1 1equenee1 the letter• ill oolUIIDI are aow la th• Rile olpher alpha• 
bete1 ad 'the meaeagea are eueoeptible ot eolutloa by llloDoalphabetlo 
pr1ao1plea. The proper poiata tor eupertapoaltioa oaa be atoertalne4 
n• without a mowledge ot the particular key eettillsa tor theae three 
••••ac••• from a detailed etudy ot the repetition• betwetD ••••as••• It 
ia Deoea•aey, therefore, :ln order to oircWI'feat this poaaibS.lltJ ot 
•uperillpoaing meaaaa•• or sana thereof 80 that they will hi la the ·
key!Ds .. quenae, to iapan a OI"Jptographlc uaiqueneea to the ••••a•• 
eo ae to denro:r, maat• or auppreee repet itione woupt about 'bJ the 
abanae enclpherment ot 1cl-.tiaal worda 'bJ ld•tic:al. eequencee ot alpha• 
beta. 

Ueohuilm tor aocoapllehiBg thia ia •hotm in Fig. a. iiere the lhatt 
121 carrie• aeYeral cipher commutators or rotor•• 3&, 3b, 3c, 3d, aad 3e. 
Thee• rotors are separated ti"GII oae uother 'bJ .tat ore 122, 123, 1M, 12S, 
eaah oari"Jing rings of aontaot• oa both taaae, to proncl• tor aontinuitJ 
ot oireuit from one rotor tnto the nes\. The ooatacte ta the•• atator•• 
•• are thoH 1n etator• 13 and 14, alreaclr de•orilNMI, are 'ball•bearllas 
eprlns ooatact• and they pratt apmat the ntor• eo a1 to hold each 
rotor 1D place, ud kMp it troa ntatin& on the thaft 12, euept wlaa 
rotatoi"J 110t.S.on i• :l•pe.l'tH to it bJ mean• to 'be deell"lbed. The periphery' 
at eaoh I"'tor 3a to 3• 'beara a collar 115 1n which 21 cear teetb llaft 
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be• cnat 80 a.e to 8DI811 with sear wheel• 113 and 114 whiah are moate4 
on that\ 12, the l•tter aow aorretpondtDg to sbat\ 12 of fll• 1. Gear 
wheel• 113 and 114 can be lndepllldently llid lidewhe aloas tbe abaft 12 
ad keyed !11to podtloa oa the tbatt 1 b)" ••••/ aot 1b0WD1 110 as to agqe 
the toothed aollar• of 11117 two of the ftn rotor• 3a to 3•1 at tho will of 
the opel'lltOI'• Gear wh"ll 111 aacl 114 haYe 18 teeth IUid their pUoh 11 
the .... at thote oa t!ae oollare ot rotore Sa ud ie, 10 that the 110tioa 
iapartecl to a l"'tor )J wheel 113 or wh"l U4 11 a lal drt.Ye. Tba abaft 
11 18 rotaied by •tor 93, ae in ftg. lt the dinrlbutor 4 or ns• I it tbe 
cliet'tl~tor aiailarly ••'bered in Fig. 1, with tbe brtlsb !!ra 11 aad llrulh 
f3. That, lnetead e·r clrfo'dlll one roto,. 3, aa 111 n.,. 1, the 110tor tJ ucl .-n 12 •aJ drive an.7 tw of the li-re dlttereat ntora 3& to se. 'fbi 
tunotion et tbe dittrlbutor t aad ~•h •~ 161 ie •o• tbe ... e •• deeoribe4 
Sa O«maeetion wlth fta. 1, llut tbe rator that will be •••oeia.ted with the111 
eleaatt 1• now euacreptlble or nrt.a'bllltr• 

The rotora 3a to 31 are to bt aet to a t•1• br a11SD1DS the letter• oa 
their perlpheriaa at a .beau •rah. Sillee there are 2S iDcU. Yiclual rotatoi'J 
podtioaa ot each l"'Otor on the ahatt, there are ~t5 ditteren:t initial eettinae 
ot theae rotora, .._oh nell eettinc pro'rldlng a d1trerat tri ot 28 patha 
tor tbe pa••ge or elenrlo ourrent.a troa tbe teylloarcl 1 to the bank ot 
eleetro...apete 2. the olrntte fro• the keylloard 1 throuah the aet of 
rotora l.r.t to the bant of aolenoidt 2 are eho• cl:lasra.atloallJln. .r.t.a. 
3. In tbla ftpra 1tator1 13 aacl 141 an.d rotort 3! to SJ eorraepoad to the 
elailar1y dealpatecl statora •cl rotora of 1'11• ~~ The 1Dtemal wirlrast ot 
rotor• 3.11 3,j1 l.lt 814 3j are aot reaiprooal ill paire, •• la the ca•• with 
the eln&le I"'tor 8 of 1'11•. 1, but are all l"aalciOII aoaaeetlone. The rotor 
1.1 la, haweYer, dltfennt ln 1t1 ooaatruotlon traa the other rotor•• in that 
lt lsaa a rba ot oontaota oa oalr one face and tuae ooataota are lnter-

. oonneote4 111 paira. Tbua rotor 3.1 aer••• •• a •••• tor reYeratac a eurr•t ca{J1t.:Vf 
T~ '/7,1!-? Ht or roto:ra troa a ooataot la atator 13, p&IIDI tbr'oulb rotors 3J1 3}, 

, 3.21 Jj, ud ••d!ag 1 t baok tbroqh rotors 3j1 3,11 l.!b JA to uotber ooatut 
ia ttator 13. stator 14 aow ••rYes ao eleotrloal tunotloa but aerely •• a 
aeohanloal bearing agalntt wbloh rotor 3~ ~res•••~ Re1ar 81 eoctaot 11, 
_-'l'llllture 821 ud 'ba:ttei"J 18 eorretpoacl to aillllar1J detipated. el•enta or 

/ftl• 1. Tbe keya of the kiJboU'd 1 aow ••"e a double ft~~urtioa laetead ot 
a llnal• tuaotion as iD n.,. 1. l&oh key operate• a leYer whloh op•• a eoa• 
taot _. oloua aothlr. l'or b•t•••• wh• tu I kOJ la depretaiCI ooataet 
leYer 10 la wlthdra• troa •tan Ul ud matea ooataot at. 111. Whea n1a7 
a la eaergbecl a current nowe trOll battel"J 181 aloag 101l4VItor 83, aontaot 
ll21 ilter 101 aon.duot.or M to a coataot 115 in 1t.ator 131 thence tbrollilh the 
Ntfr"....,d baok te uotblr aoata1t 115 in etator 13 th••• aloac aoadurior 
85, l.evor n .. IOJ'ltacrt 113, eoluold "Q•, beet to battery 18. Solu.old "Q" 
la actuated ucl the olpber re1ultaat of I is Q• Ill dlllphlrilla, ••.-tas 
, .. , the rotors are 111 the ldentloal potitiOft thiJ were iB whaa enoipher:baa(the 
olphar ter beills the auseO, oa depr•••tas tbe ~ kiJ of the "•rboanl it wl11 
be ••• tbat the toUowla.g reolproeal deolpherms oiroult 11 eatabli1hecU 

·1· 



.., 
j 

I 

REF ID:A39539 

Battei"J 11, ooad•l'tor 11, eoataot U4, leYer u, ooacluotor 85, 0011tan 111 
ia at a tor 13, throush end baok throqh tbe rotora to oontut W, ooacluotor 
M, lner 10, ooataat 111, aol•old ".&", baok to battei"J• TJ:nae, the p1ala• 
ted reaultut of Q 11 .c. Ill thll IIUUler a reclprooal •o1pheriDptiM1plattr-
1DI relatloaUip i1 readlly eatablbhecle 

We 'rill aow coaeid1r the IJ1'pto1ftpblo operatio11 of tbe aylt• after 
the iatroduotioa ot the toreaoina tnturee. The ka)' for a .. aeap wUl now 
aoa111t ot the tollowina •1•emet \ 

(1) The ooapoaltioa of the •• whael1, (tbllt 11, the poeitione 
or the .... on the wh•l•)· ad their initial 1ett1Ds or alipaeat at 
a beoh •rkt the aoueatOJii:' at IWitohboarcl '• 

(2) The ooapoaUioa or the rotore~ 'liJat is their intenaal wll"lnsa; 
the re1at1Ye order of rotol'"s ~At 1}1 SJ acl 3j oa the 8haft, aacl tbe 
initial •ttms or alipaat of all the rotore at a *•Ia •rt• 

(3) 'fbe I"'tora whloh are aelene« tor tlllt.l••nt with sear wbeele 
113 &Del 114. . ........ 
It 'beooaee obYloue that tftn 11 two/are icltDtioal, letter tor letter, 

•• it thq Melli at esa.-tlT the ... , poiat lD the teylac sequenee produoed 
liJ' the •• wheel .... n,, ud •••n lt sear wb1e1111 :1.1 ID&agecl with tbe 
-e rotor, ao loas •• the eettias ot the J"Otora 3.1 to 3.J oa abaft 12111 
41fter•t by at leallt oae letter tor these two ••-s••• or eo loaa •• elthar 
ot par wbMle 113 ud 114 le aet to driYe different rotora, the oiphel" testa 
w.lll be clitterea.t and eztel'lla11T there will 1le no tip ot the lntenaal 
ldatltJ of the two teste. l'urtbel'llore, thel"e t. nothi~_g ~o preYent thel'"e 
'tletaa thi"M sear wheela aJa11ar to US lr1ated ot 01111 two, •• abowa ia 
r~c. 1, la which oaae thl'" of the flYe rotor a au be clr:l.ftll. Aacl, c.r ooune, 
it there were aay 10 rotore lt woald be po1elltle to hawe •r n•'ber 1.cp to 
I ot euoh dr1Yi.Dg * .... whM1a, thaw aftordiq a ••I'J wlcle nasa tor keylac 
purpo•••• In other word•• •• aow tully deYelope41 the ern• proYlcle• for 
a JIUltiplialtJ ot keye1 IUOh that a uaiqu•••• ay be l•partect to Matas•• 
••• in the .... - wheel keyiag ••tt•••!Jw1th a ooneepaa.diDslJ bigh 
decl'•• or arrptosraphia aeour1tJ• 

........ 
T'ne trLUGJ.::. ter L"!CCh:t.lliS.'fl 6 i ,.. . 

of 1nterc~.cnectcd cent:· ct-l n Fi._: • l m· y be re:)U: cec b ,, ,. I 

schematic~lly in Fig ~ Iev;~s 196, ~na asr.cci~ted Jai"e~ cont~Yct~ ~~stem 
•· d t.!h . • .,. n W!e t~.tter fi • • · ·- r. euown e.n e osgne1;s 51 t.o SS are b gure, the contflct levers 1 \ 

leverE: {·n:.; ag:cets of Fig. l ~~=~~ous ··:1t!l eimi~rly :.!esignrted c!nt:~t .(S 
of Fig. 4 are ho:nolot;ouo wit:::. e.i:nil- vt, t:e ~~me functionJ the b~rs 61 to 6S 

.r et~gD9.ted. b£..r~ of Fig. 1 :_nd serve 

-
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&ll tMtuiftleDt tullction, via, i.o 118t up, by perautative arruc ... Dt8 0~ 
actuated and DOD-actuated bars, permutative arrangeaenta of contact-lewra 
operat1D1 ..ttchee to est~bl11h oDe ot )2 dittereat circuits to tbe 
ter~~iul• ot nitchboard 7. It will be aeen thf.t permut.t.tiw arraag ... nts 
of the contact-lever• •• ~o the lett or rigbt poa1t1ona will reault in 
1elect.ing oae of 32 path• tor a curreat tlowina trom power aource 20 to 
the SWitChboard 7. !be aacaete 51 to 55 &Dd their &I80C1ated bar1 6l to 
65 •1 be replaced by aultiple .. contact rel.-71 well known in the art. 


