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N• :l•WD'loa wllltea t.o CIZ'J'Ptosnp1alo appn.-etu tor auto­

•Ucnll.,- eulpbldq U4 CleatpiMftllfE ••-..•• 

Aa otajen of' \ba la"K"attoa ta tb8 PI'O~•I• of • a:rypto-

lftJtlt wt.tll a ke,..._al tflli ldsb-•11M4 ... 1 OJII"&Uaa, • 1Mulk of 1a41eet­

S.IIf' 4m- or aleoba •rneta trw DDt1Dt- or reoaz,ltD& a. 11pbftt 

a,UOla of t!le ....... ee tbe lattlll' liN beSIII aoa"Pblt1'811, eft4 fW 

aoUIIC • reoodllll' tbe pleS n-tnt ld-.a •• tile ....... 111"8 beJ. .. 

4eotpbltNI i aD4 ce1'111ln cs. pllePtDC •olulll1- tatazopoaaA '•twea the 

~Jill 8D4 t• .....- ot lD4lae'lll8 4nt .. Ol' elea'&Jto-M~Q~e\a tor •a­

•'•~ allalta1 .. tile ftl.Rtloaulp bet .... 1lle ...... abanot.N ad. t• 
at_.. .,.._18. fte 1DWDti• Ia ,n.zollJ' 0011aernal onl.F wtth t• 

aip.~ •Ciblllil• Ntwlwll a alloW• wldoa la ot atwpte cte•tp ltu\ 
• 

MwrtllillaM J"l•ld• ~ of paet ...... ,,.. !Ida etpberlB& 

••bw• ..,lop •••• wlltcda 11ft _,.1 ia ,.._ 02'J'PtDpapb.to 11..-& 1a tbllt 

it :lnwl-. opentloa •laae. u.. as •• 8114 tl:aa .... ....,topo.napida 

re•l'• an 4epn4•t upoa a tma tao._.~- la acaatat]7 c~ 

DJ'lllf' ......--; 
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. letel'rllll to ·:rsa. 1, the prS.aols-1 •1-••• aoutat ·~:) 

te"-1'4 1, • 'IMIJit ot 1a4t•tlq 4a'f1•• a, a Ntatt~a~. etpbw o.1c
7

t 1te.t. 
. ~ 

bneillaf:ter •11811 • rotor a, a 41atl'twtor "• a ...... 1 ... ,. e 
. :i 

~ . . 
. tor pi'Odaotq ·• oljlaer ~ • a J8NUat1on-h'UalatlOil •ebaalat beNSa­

attu- •Ued a tnulatozo 1, 11114 a •tiaboiiZ'I f. · 

'1't.l8 t'Ud--tal orn\o8ftph1a prlMiple ot the PI'H!IDt lawza­

Uoa ta •• follow: I:8J'bOU'4 orrat1oD la cyclic 1n obaJ&cter eat b 

JQ"tona4 w1tb a a~deD.H e11111ar to tbat 1A teletne opera'Uoa. D&ar1118 

•* oyclt~ or t~ open uoa, llere11Ult'tler zoetel'l'84 to u tbe operat-

1DC cr.roi.e, tbe .aoae1111w alpbabeta or a OOIIPlote aP.t ot ae or liON •txet 

otp'ller alpbabeta aa preaaW 1a a tta4 •cta.oe, fol' poMilt•al ~1o,­

_, tn eaolpbez.a.t 01' ._lpllei'Mill~ OAl7 oae of U.• atplld'. alJitabeu, 

llo•wl'1 la •leoW 41idq •• openttaa OJ'cle 8B4 the •leotloa ia 

w~t.a la nooe•t•• openU.q erol•• eeooJ'dlDC • a ..,.rr 1oJtc ·~ 

tq eata1111Jt11e4.l»J -• to 11e a .... tllel. 

la ao.-pllaMI :Pnott.-~ u tollowal e. OJift\llta orale t8 tlYlW 
. .. : ~ ·.: . . :· . .. . ·. _;z ::.. ·-~ . . . . . . ~ . . . . . • , 

Q -.sa~·-•• eqa1 7~t~.,_tenallt .,. -- of tJie 41a\dtnatoJi 4, Ul a 

' · · 1~,,~·-~ 1te ~-~~~ c~· --·~) wltllla. ~117 .. or. t~ -~ · 
... · .. · ·.·. ,' .. · ' .. ~ ' .< :·· ~. ;:~··:':~·-::.·:>~:1-.i.=_:._:·:·~ <::-:·· ... ·· ·.. . .·· ... ·.::_..··. •.· ..... • ..... ·. ·· .. . :··: . . . ·.; 

,·,-:. . •~a ,, ..•••• ·or t11e "•·• nteJa ta_o,...l•J, .... t•tea•ltJa t~ae.· .... ·. ;···: t -~· > ·,: :5).:-}l'~,; ~ ;~1~ _.(~.":. : .\ . ···:. (' i'' . . .. '.'. .\ .. - ·': "•~:_"-~'::t •. : • ,. 0 • • i : ' /?;·:; 
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keJtxtal't 1 aD4 but or 11Ullcatlq lenaea 2 aaaoo1aW4 w1 Q tba $-*- s • 
.. /;: 

A apeotfto t:l--ia\eml 1a MleOte4 Wttlalll MC1s 0"PeJ'8.t1JtC ~.;lO' ·--
. . . :_:.:· -;~ . 

ot the trualatozo I -.Jdoh la •••olatecl w1 tJa tbe 41atrtblltor " . .._. Gut 

IIW1tohlaoal'4 7 • ,._ U--latenal tbat wiU be aeleotecl la eaok -~ 
I 

'ftJ'laa wttJa auoOH8lW opeatt.Dc OJOla• aaea!d.Sn.s to a ny Wllld lit 
~ J· 

proctuoe4 b~ ee a.-wlaeel a1pllar-keJ' •ahaD1aa s. !aoh 1ntana1. tllll 

71•14 a 4lttenat reault tGJ" tba ... letter. 

'fbe 'iatJ'bOard 1, OaBPr1a1Jtc 28 ohaftcten eq,utwlmta 'to 

tile lett.n of tbe alpllabet, .baa a_ cor.reapOD41ns n~aber or contact~ of' 

to'l"'l o'f glow lallpa whicb. are illuamaW wheD current paaaea tbroQch 

t~• but a preferred abod:laent ta to haTe the 1Dd1cat1n& deTicea take the 

tora ot eleotro-rapeta or aole110tda wld.ch opera.._ t.U keya ot a neo:r4-

1n& t)'p8wr1ter1 ao that a prln.\84 recol'Cl of the enciphered ozo dea1plle:red 

Maanp •1 be asde. 

Tb8 rotor 3 ta a clpber-caamatator wheel ot tor.m aow vel: 

knollll 111 the crntoGrapllio art. 1' 1• aounte4 on a rotauble nan 12. · 

rteb.t-b.aad atatozt 14, each proT1de4 wlth a riq ot ae 1NlU•ltMI'i118 u4 

apr1DS: ~taeta 1Daulate4 ~ •• aaother and._ uez-•1118 a a11aht p~U.U.· 

ep1nat tl» tao• or 1'0•1' 3. A •tozo u, 4rawtas power tra. ~ 141, 

4~1Yea '• abaft 11 aa4 time the zoo tDl' a at a oaaatut apeet -~· U., . . 
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atator 13 and 14. ~e rotor ia made ot 'bakelite or a1a1lar 1Daulat1q 

' •tertal u4 aou1at• ot two taoea, a lett-'baD4 taee and a ri@ht-11BB4 . 
taee·:~· -~• 'be81'1J18 a rtac ot 2& OODtaot auzof'aeea J.1 B1 c, • • • z, 

aqa141ataat]l' apaoecl tna oa uother .ot:rouatereJitlall1 • the outu face. 

IDaalatet cOIIductora Jlll••1a& thl'ouah tbe rotor aoJIIIItat the 28 ecmtaot 

aurtaoea of the lett taaa to \bDae of \lae r1pt · taoa1 ill a •m.1- whtob 1a 
taee 

:rec1p:rooal 1D :patra. ftat ta, it A on· 'Uie latt/ta ooiiJieote4 to X on the 
. . I 

rtsht taoe, tb8a % oa tba l11tt taca 1a 0GIIIlaote4 to A on the rtsht tAs.e.: • . . 

:rela_t1oneb.tp 1a obtained wUhou"t ar.ecial aw1tch1D8 nJ'I'BD@'amiJil\8 therefDl""• .. 

'fbMt di.atri'bu\02" 4 cona1sta ot a set ot 2& equal-area aeg-

•nta or contact anr:ntcea 15 1 t·:aulated tram one another aod d1atribute4 

oirCUIIf"erenUallr on the tace ot \he distributor. A. bruu a:ra 181 oa 

t.be same ahatt 12 aa t~:e rotor 31 neepa oyer t.he face ot the cl1atr1butft 

4 at a coaa\On.t ro.te ot apeecl anohronoua with that ot tu rotor s. 1'l'J8 

zrotor 3 and bru.ah am 16 are keyed to tbe a~utn 12 80 that thaae two el.e-

and cannot be aqul.ar~ cllaplacecl relat1w to each othflr, due to allppep 

on the ahett. uoranp•nta 187 be •4•• ho•wr, to cheap tM relatiw 

aqnlar poa!Uoaa of tbe roto%' ar.4 the llrullh am it 4es1re4. lh"aa~ ara 16 

tel'lllutea ·t:n a bruah '13 'llh1 eb sweepa Mer 41111tril'!UW •1J118nta lS aid 

eeta'blS.a»a .,..llta"r7 ccmtect w1 th .,aob. of the lattar ._eeaalYe~. Dla­

V11Ntor ..... ,. 15 are ·OOJmeote4 to tbe ri1ht-b8al •' ot tenaillala '12 

of IIW1~hboar4 7 1tr a nt ot conductor. 1'1, ot which oalJ' ,. few are abawa. 

IS 
\ 
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The oa-wbeol etphel"-k•J' •chall1• 5 proTJdee a long olpbar keJ' 

tor OZ'l'Pt.-,pJd.o paopoaea. It couiata ot ttw ar a lllll~tple ot tlw 

oa•lleeJoi:nc wbttela 21. 221 23, 24, 28 ot 41ttereat 41-..tera. 'ftle 

periJtheiT of eao!a wbeel le 4lTf4ecl up 1Dto eqtaal •-•"• to wbioh Pl'O-. 

Jee~!nc lup 8a"Y1D8 to eat aa ..... ,. M attaeJte4 OJ' tato w!dell-.. _,. 

'be ID..ne4 ; tile malaera ot 118e-Dta oa. the ditt'ez'eDt wheels &N )ll'et'ez­

a'bl7 ·~1M to one IIDOtheZ'. l'or example • wlleel 21 •J' Jlaw. 100 .._., •• 

wheel 2f :ay haft It, Wheel 2S • ., haw 89, wheel 2t •r baw 11, ad wbeel 

26 •Y bl!.'1'e •· 71D4 to theae wb.eela are nteheta ae, 2?, 28, 211 30. 

I 

ae.-nte in tbe ..,_bear1q wheel w1 th wh1eb. tbe :rate: bet 1a aaaoa taW. 

Pawle 31., 32, 33, 34, :!5 em a :rocker 8l"Dl 36, which 1a operatecl b,- •sneta 

Sf, 88, .dJ'lve ._ _..'beartq wbeela 1c a. atepwtae •a.ner, 1Ulde1" 0011.trol 

ot ~-· ~ftrael lMII' 'kQI-boarcl cqntect 39 tbrouah power aource 40. -mach tU. 
/J.. . 

a t~·1e depreuecl 1"00ke~al'il: 36 and the pa~l• 31 to 35 aernt to step wheels 
·.,I. 

11.:,~ • 1"o.rari ou 1ntervol. ':'be CBDa on the per1pher1ea ot the cam­
/',).. 

hal'inef··wheela 21 to 28 0011trol contact 1nera 411 421 43, 44, 45 ud tbe 
1··;'. ;'; I ./ ¥~ OJI"!l'11te can tecta oaeociated tllere•1 tb., 141, 142, 1~, 144, aD4 14&. 

/ , .. Ht wt~ be 11114eratooct tba\ the 88811t1Dte Oil t~ ,P81'1plwJ'7 ot eaoh wheel 21 
... : r.,'\ . . 

, t~ ~ -.:»til eaJ'h•e ezoept where a Cllll 18 ln•rtecl la or &ft1ze4 to 
L ~ . . 

./the ••~at 8liCl each wheel 1M7 !lift a -. 1D•rW 111 8llJ' ~a-.r ot the 
/ 

I ·"'' l .i•lottlli!l . .._nta. Coataot lewra 41 to 45 an \heretore nlaticl aDd 'tllelt-
.r I i lr 

' :I '• 

'r\e.aeoe~W aoataau U.l to US an elo .... oalJ whea •- are pre-W 
I ' "o"l • • £• for ..,. .- --'• -at at .- •-18 n to 111. wanhllllioo. 
.,,.~: . ._,~, l8Ten Q to 415 ·nu 'be operated ill pe~Watattw pou~iDP 

I ;, . I ~ . 
. I• ./J. 

··:{'t'' >I r::. 
!./.~,' ,. l 

. •' 
_;.~· ·; 

• 
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10 tlla-. all 32 -,oaatble Jaudot-aode aoab1atloDa _, be •t liP;. b1 tile 

ooataota 141 to 146, t• teJiq PUJJO••• CGDtaata 141 to ltS an 

ooueeW to oondactol;'a 4:6 to eo u4 eontl"'l •pete 51 to ee, the 

tuaotioa of whloll wt1l be 4e8CD'1'be4 pN881ltl3'. lfoW a1ace the ..._ 
·::· 

beariq U.ela 21 'to 25 are ot d itterent 4S. ... tea nl tbef .•~/ atep 

torwz-4 ODe at:ep tor each 4epreuioa ot a key on the DJ-bo81"6J "1, tt 

tbeae wbeela aze 1D1 ttall7 al1pe4 at a bua h •rt 110 aa to aonetfP.OD4 

to 11 cipher ke7, tllla 1n1t1al allg:a.-at Will ractv ODlJ' etta~ 100 z 

91 x 1'1 x 11 x 8G or 'l,'lff,41i,700 letten llaw beea enatJ)IH'M (or 

claatp!utrecl ) • Thua a cl:pher ke7 ot grea' leng"tJl 1a aed.e Rft$-lable tor 

OZ"J'Ptogrftphi c purpoaea. 

bare 81 to 115 which are no1"111Bll7 held in poai tioa by the retractile 

apl"inga 58 to eo. The traualstor bars are alo1itad aoeordtac to t!le 

nq_utrementa ot the sauctot or 5-Wlit prinUng telagreph code, so tbllt 

32 dttreront aligD.II8nta or alota •r he preaentecl to a aet ot ~2 stunt 

bare labeled sa. 0111.1 one atat 'be ean drop 111.to a specific alta-at 

of alota And when thta oacura a contact aaaocteted with the aalaatet 

'be1DC ob"tioua t!lat there are 32 eueh ccmtac\a lD all. !!aeae COD'laota 

&7 are .COilnectel! to oouciactora 18 wh1oh lead to '"'- -.t of II teabala 

&I ot awltcbboart '· 

It w111 aaw 'beooaa ol~ tbat tbe ae .. wheel alpher-o~ 

•ebaA1a e aenea aerel.y to aele-a1i ne out or 38 c1Z'Cillta leadiq 

' 
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'ta the temlllala 61 of Pl teh'boU'I! ' aa4 tJJa t thta •leatloa,. Mlq 

q,u1 te ftrlable &114 ctepe.II41D& apoz~ tlle au.oce•a1w peStatloaa at up 

bJ tlMt eaa-whHl •oha.lll• &, tlma pro4uoea a lODS, urlable ••••• 

ot kt11111.8 ciroutta ooneapd1DC to bf1118 ohvactera a4 llenlaatteJ: 

:refel'N4 to as tbe ktln,D8 aeq.aoe. 

!he U terldD.ala eo ot awl tollb0111"4 ' an aouea~ to 

a oorzoe.,oll4111a maber of tlezible oollduatora ?0, aa4 t:ba llitter 

tezoa1Jla'e 1D Jacka, 81ch •J' he 1aae:ne4 into pJ.uca ?l OOUeaWtl 

to tttraiDala fl OJl tbe other aide ot awt tobboard f. 'J.'bere are but 28 

auah plup '11 allll eaoh ot 'thea bu a pdr of 'holea for :rece1'Y1D8 Jaaka1 

'but oa.l7 aiz of the• 4ouble-Jaole plup wUl ba"Ye 'both bolea oocu.piel 

'b7 jaaks. B:r thia U'l"8D8emellt tbe 32 J)O&ai'ble reaultant lat71D8 atrcl.d ta 

set up by translator 8 are re4uce4 to 261 ot which siz will be "4ouble­

efteota " , tbat la, 1D eix oases t'!e •• k8Y1DC a:baracter •7 be nroucht 

about 'by two different Baudot tJP.l'mutationa aet up b;y ~be translator a. 

~ich six keying a1rou1ta theae Will tMt d.ependa upon the wa1111 which 

tbe tlezibla conductor_. ?0 are conn.ectacl to plus• ?1 a:t BDJ &1 va tt.. 

It will be aeen late~ t· ·at JlO amblpl t7 1a occui.onecl 'b.;· the preeea.ce or 

a key1ne alrcui t which 1• ot the doable-ef:t'ect type. 

~j'filll reterrtng ~o ?if!• 1 1 the eleetr1cal cu•e·.!U tor 

crypto'!rsphte tunct1oldng will now be cleacribe4. It Will be aeell that the 

cireu1 t f'rGil po•er aoarae 18 to the te,-board 1 must paaa t'l'lroU@Il coatact 

19, wbioh la aontl'Olled by u1D :r~lllJ e. Beaoe, 4ep:reA10D ot BD7 key 

ot te)"boarct 1 41U'lllf' the tiM ac.atact 11 ~1D• opea will produce DO 

etteat alBae ao power ta betllr; del1"Yere4 to tba Jnayboard 1 an4 heDoe ao 

8 
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c1rca1t to the ballk or 1Dd1aettnc d.encea 2 1a eatabl1ehed. Let ua -

now·apcm wba't cira.atance aloaure ot aaatact 11 depencla; .ln other warda, 

let ua ··e wll811 •1D relar 8 will be eDers1ze4. tat a.a aonatder a apec1t14 

operat:lDs ayale.! 111 the lcme sequence ot operetlq CJ'Olea !. • DariDC 

this operating ctcle bruSh aza 16 ot distributor 4 wtll make a cO.plete 

:rewlu.Uon and a COrNQOD41q ccmplete revoluUcm ot the atph•r aaa­

autator or rotor :s, will take place. TM• opel'litini aycle z ll87 be - . 

regar "'ec1 as beiq d11'1ded. up into 26 equal tt.-tn.tenala of· Ye!'J' short 

clunt1oll, eech aorrealJOndtDS to a apec1t1o U&\lllll' poa11:1on of the braall 

am 16 and ot rotor 3 1n t.be c 1rcurateren.cea through which these two 

elements are in li!Otton. The a1:rou:l t tor relr.r 8 lncltmea bnah 931 

brush am 16, and one ot tu 26 aea-enta 15 ot d:!.atl'ibuto:r 4. ·;·htch ot 

tbe 2& aefD8nta t5 ot d1st~ibutor 4 will be "alive" , that ia, connected 

to power source 20 ~uring operating cycle ~ depends upon t3e wtrlia at 

ni tcb.boerd 7 and upon the particular co:atact ot tite SAt of" :32 contacts 

6' which hap~ena •~ be closed during opereting c~cle z. ~ lettor de--
penda tlpoD the·apec~~ic pe~tAt1on ot oparRt~ o.nd non-op~~~tP.d trans-

lato:r bnrs el to 86 ot translator e, ond this depends in tlll"D upon the 

apeo1t1c position end composition. (11a reprda CUIIJ) of' the ca~wheel oip:ber-

key mechan1u 5. tat ua easUIIe tbat .cJur11!@; th1a apecttia operettng cycle 

z the aopant designated ?4 1n 11'1g. 1 is the "ne which ia "ali't'e". A -
oi.rcu.t t ia conapletP.cl a a tollowa: power eovee 10, ecmducw.r 75, •1a relay 

a, conductor '161 a:nlllture '1'1 ezd back aontaot ?8 ot NlaJ' 81 aolldutol-

79, 'b:ru.ah am 16 8Jl4 brush '15 of d1at:rlbutozo 4 ; the Wa.ah thea betas • . . 

118111811t 74 the eurre11t ooatiaues throuaJI, ...... , 'M1 conductor 80,· to 

one ot the aoatacta 72 or awttcbboe:rd 71 ad '!Mince thraush the nltoh-

'board alone oDe ot the tla1ble aollflucwra 90 to 0118 of the coatacta at 

I 
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on the other s1c1e at the switchboard, thence alo~~g one or the ccmductol'll 

68 eo tbat one of' the coa.tacta I? wb1ch 1a cloae4 ltJ' tbe Hleotecl atat 

lta:r II of translator 6, finally aloq COI!IIlOD rtttU1"11 COIIductor 81 1 back 

to power source 20. !tela:r 8 is eners1Zfllcl at tba instant tbat brudl 'IS 

1a pesaia.g OTI9r liTe 8881J18Dt '14, aDd since rotor a :rewlwa BJDCh:rollOulJ' 

with brush arm 10 • the e~ular poai Uon of rot.or 3 w1 tb respect to 1 ta 

stators 13 and 14 corresponds to tba &ll@Ular posi t1on ot broJ.ah arm 16 

at that 1nst~nt. ThP. cip~r r•sult~nt produced by de~sains a key on 

key-boArd 1 •111 be determined by the anguL~r position ot rotor 3. TDe 

reeson tor this is that since rotor 3 ~as 26 ct;her1ng positions each 

yielding a completa]lr different set at cipher resaltants f'or tbe 21 

cbaracter keys ot keyboard l, the specit"ic cipher reaultent tor a specitic 

keyboard che.r~cter enaiphttred w1 thi_n a apeci:tic operatlDg c7cle ~ 4ependa 

upon the apec1t1c aeP,mant ot distributor 4 which is ali~ during that cycle. 

Th49 eireui t through t~e '~~board 1., the rotor ~ r'.n~ ~he bP.r.}; ot 

indicating de~cea 2 will now be described. ~n a kPy 10 corrP.eponding 

to the letter "~~ is depressed during operating c7cle ~· noth1n~ ~appe:s 

until brash '13 reaches se@!llent '14 or. d1str1bntor 4, f'or t;he keyboard 

remains "dead• atil tbBt JDOment. Tbe instant t~at relaJ' a is energized, 

current is deliwred troa power source 18 throu~h closed contact 19 end 

armature 82 ot rela7 8 1 along conductor 83 to the acmtacta ot kqboard 1. 

S1nca COlltact 10 is closed, the aurrent aontinuea along conductor 84 to 

a acmta~t on stator 131 thence throug!l the :rotor S, which is at t!lat 1nstut ~ 

1D an u~lar post tion aorreaponcl1q to tbat of bnah •• lit to a aoutut 

10 
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•
1
• l'llla' ata'«»r 14, thea• a10q IOIII!•tDI' If co lldt•ts .. lnl• 

01' mleao14 aa, wld.aJI aon-IJIOII(a f ta W• ft .. ft) to lett• ~ • · 

..... a1DDs ........ 10 '""· •law •• u .. Nlai' '· ftaa~ ~ 
eollll,etal' 11 'llllat to ,_.. IIOal'ee 11. 80~14 • Ia eoaate4 

.I 
(al' 1: lallpa AN .... a ~P ts lltthtel) to lall•te tbe dp'lln 

rer.al taat -q• tor lllUa-tat. latta~' 'T' • 

lllllll dolwaetlal nler It• __.81_. tbe atraa1t tor ..sa 
Rl117 I 1a 'bnba •t 91 w.l:ea ama'we " la wUb4!"1la. \ •e!laaSeallJ' 

CIOft'NlW trt.p ........ le~ '' 1114 I:Dlda t.• ._,. hoa eaataet 

?a aa:Ul ~- 3.1Te:r•1 bU' O!l ··~l't l·r•ta&Z'Ill to RONal.- tlla 

b7 1e rolr.tMII 1 "banapoa lewzo " 1• allowcl to tall baalr Ani ·~ 

to 8111J118" Nt&IMta 18 'tO 10 ad ad.'WBDOl.V. _..'b.u-1118 •hllele 21 to • 

- awp to:nal"d to tile aat JD•l tt.ma, ae'tt1lll ap n •• IIPIID11 ,_....._ 

U• or eoataet-Jawn Q. 'to •• •••aata4 aaataeu Ul to 181 IIIII 

..... ,. Dl to 11. A _, -- elluaetel' 1a au edll'ltltaluld 'bJ' tna­

latu I 81111 tD ~·'- Sa DOW n_,. tor , • ..-t opentln& •relo. ... 

tf t111t - a. ta •Jft•_. oa tlta ..,.._. U. eqa.t•Jat pzrokeel at 

· .. .._. ot Sluli•U .. llnl- will 1le Ctr.t.aat. al•• ._ ..,_ 

oMaota' llappaa aea14ea~ll7 to lao tlll .. u tieton. COIItlntl · 

:. 

u 
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'· .• 

Slnce ta eorme-.,.lou w1 thl11 the mtor s uoe reetproeal 

111 pa11"a1 •• ezplatH4. the 4ee1p1lel'MIIt ot a •••P tetea pla• 111' 

Nse,tlq: tlto .wheels or e--neel meohant• 5 to 'he 1n1Uel k'e1 pod­

\loil', an4 ~perattJIS the ltqboerd 1 to eo:rrespcm4 wUh tbe etpJa.r letten, . 

whefreupoa tbe plata-tat eqa!nlnts wt111te produaecl at the bak ot 

.01•~ .1.eraa !.a ~Elab., howe"r• that tt aeverel meaua .. ere ea.o1phore4 

bf' ~he ~ b;rtng eequence they will be 1a lhe - aertes ot cipher 
....... 

eljJaabeta, u4 in Wa ease thttre ez1ata a poaa1'b111ty ot a solution bJ' 
. . 

' 
01'1J"teualT'~O Jl"00841B'W'• fO explaiD. •~t ta aoant 1tJ' theae stateaenta 

it,": 1a iaeoea81U7 to aall a\tent1on to the tact t~t tbe elpher o~ator 
;' :· _; .: .. J •.. • • • 

a· pro~1tee a •t ot II olpbe.r alphabeta al14 t.ba't beelcalll' tbe. OJ'7Pto-
:. . . . 

aftl'IJJijrc ;prtu*p1e ot the a711t• •• 4esortbe4 1s o.iae 1a which '&~· 1Dd1Yl4-

Q~-be·1~ or thta "' · ot II olf]ler alphabets ore b~t tnto pliQ". 
. ~ . . •. . 

) ; . . . . . . . 
•·!·aPiler.'..l• ...... b7. tbe kepq aeqaeace set up 'ltJ the · 011.111-Wbeela. 

• o 10 0 • o 0 : • o • a 

.. f4n-~•'•·· .·~~ w ·caaaSdel' ttala teJ1.q ·aequence to .M e110!1. .tu:t tflt 
• o •' • a .•• . ' 

~,, .... Jie'~l .. a·~·-., e· th8 •--wlaHl• the first 10 alpba'beta to be 
, ~ . 

11 

·--·. . . . 
' . ~ . : a• •. • ", 

. ' 

.~ .. ~. . : ~-·~ .... :. 
.... ;.:: .. ~-:,.~·x. ·::·· ..... :. 

. ... · ..... 
o" • • ~ ...... •:.:. ::r• • .:; ~:·• 

< . . . 
... ,. :~ ... • .. .. 0 • • ••• • •• 

~ . 

• .r .". 

·. ::· 
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\zroacJat Jato plQ an alplul'be\ ••'ben 11, '• 11. ae·, 11, a, 18, 11, 

11, 1, 1, 18, a, '• 11, 19, •· a, 18, M. ... tt ••Nl ....... 

atut 'd.U& tile- lDIUal .. •.t ae''bc• tlMI Ro•aatw let .. n 

ot all *• -~·- w111 H Ia tbe - ........ ot otpMr alJ*allet~. 

u4 tlMtnfon tbe ..,wnl •uaae• _,. IMt apel"Siapoae41 rle14Saa -~ 
of lettera Dtoll an ....tplla'betto Ia ._,odtl•• 01'1 ewa St t1Mt . 

- ..... llo aot aterl at -•'17 tiMt - potat Ia .._ Jdi?Uc •fl•••• 
lRlt pol"U•a of ........... OYRlllp - -tiler With ~88peOt to t11a 

b:r1118 •qaea.oe, \111111 * crrerlapplq pol'ttOM wlalell an b tbe ._ 

alpllalaeta, ..-, l»e ••PeS.IIJo*• POl' ...,18, ulq a. - .. , •• _ 

of alpll8bet a-"en ••tloae4 aline, appoH a tint •••• beslu 

wttll alphabet lUBber 161 a •aolld •••-· wtt• alpbabet 4 1 a tla1:rd. 

one, w1 th alpbaltet 181 all4 • •• lt Ia •zrel7 u•UU7 to shift till 

•OOJKt •••se one letter to t1le l'l&ht ot U. tint, alllft the tbl~ 

•nee- oae lttttR to tbe rlsht of $he •0084, u4 tllea all t11ne --ae• 
will 'be pnperl7 aup.,rtapoll84 with :reapeot to t!Mt k.,-taa •q8aoe; till 

lettera 1B ool.-a an aow Ill the .. olplaar alpllabeta, a:d tile....,.. .. 

ue -•ptt'lllt. of •latlca bJ' MIIOalpllabetle priaotplea. !t. JNJIR 

potau tor RJU'lapMl UH •• be .... natae4 ewa wttJaoat a ~owl.aae 

of t:tae parttaler keF Mttbp tor tJaeae , ......... , tl"W. a letall81 

ata4J' ot ~ npetltto• 'betw.- •uaae•• It Ia .... ..,, tJaentoa. 
~ . 

Ia Ol"t.er to.ot.nunut tllla JOut•su- ot RJ81'lapoatq ....... 01' 

pu1e tlaenot ~ tllat ~ . .su•. Ill De- key~Jas •.-a• .. to Jllpaft 

a ~papllle _.-.. to tM ...... • u to teatnT~ •*• ozt 

~~ --~~~,~~ ~~-... , "tlla ....... _, ___ ~,or UeUid 
• o ~.:":·:: o o o • o ~· 1·-.,. • o I ' o • :: o ~ ,• • • o ' 

-~ )7 -U-tl~~ ~· of alp!la .. ~.. . . . 
o ' •.' I • : ,• .. ~ o • o o 

.·.<·-A·::-':· ..... ·:: .. , ~~·~ :··· · ..... 
· •... '· !'-!.. ... .. 

.I 'i .· . -~ .·· ~·;. . 
•, ·:: . . .·. ~i.. .. 

": .: : .. . · .. )::~-..... .. ~ -~·· ... 
. ··:c 

: . 
. ' 

· . . :'4.··· "· 

. ~ ....... -.. _,All 

.• 

.. - .. : ·. ...· -' ... ... 
• o o o I 0 

~: -~· .. :~~-.. . . : :·. 
·.· .. '!~·- ... .. 

. · .. ··. ·• : 

'·· i 

.. ·.; :~-
: :. ·:~­

. ~=.: ·.· .. 



.. ;.. 

REF ID:A40335 

Kea'blml• tor aaacapllulaa Wa la uaa ta rsa. a. BIN 

t1w allatt 121 IBftiea anenl olp!lalt -tato:n ar J'Otora, Ia, · 

a, Ia, 14, ul le. !bl• zotora ue •JUHet fltca _. uoU.a-

ltJ' ataton 112, liS, UN, 12D1 •ah 08n7lJIS rbp of aaataata • 

botb taau, to P!"'~4e tor eoatt.•t ,,. ot aSrnl t trc. oDe I'Otol' 1Dto 

. Ue aezt. fte a.•ot• Ia De• atatan, • 11ft tlaa• ta ataton D 

u4 U, al.Naq 4eaol1.lael1 · ere bell·'bearllt8 apn .. aoataata 8114 -~. 

pn• aaas.at t.11e zoton .,. u to Jloll •ell mtu lD pla•, u4 ·keep 

t t twa I'Otattq oa tJae allatt 12, naept ..._ ntato~ •tloa 1a m-
.,U.W to 11- ... lobe leaatbell. ~ :perlJ)aerr ot eaah rotor . . . 

Ia to Se ~»•n a aol.l.u 211 la whloll ae pU' teetJa t.w bHD out ao 

u to __..with par wheela 113 u4 JH. whtah _.. aoaatacl 011 allltt 121 

the latter DOW OOI'ftapoadlJJI to abaft -~_..ot" ft£• 1. · Gear wbeela 8D 

_all4 21• caa be 1Dt1epell4ent)7 alicl alct~ae al-a the ahatt 12 aid -~ 

lnto poatt10D on tbe a'a.tt, by .... ~t al:Dim, ao u to enaaae the 

tootbld aollarli ot 1111.7 two of' ~ ttw l"'tora Ia to Be, at tbe WSU ~ 

tbe operator. Gear wheel• 21S •4 114 baw 18 teeth IU1cl .tbat.r pltab 

.. 1• t'be ..... tbae • tiiB aoliara ot rotora k aa4 le, • tbat the 

IIOti:lll illplrtecl to a zroto1o ~ Wbeel ll.S 01' Wheel 21• la a 1:1 41-lw. 

!118 a11an 18 ta Z'Otate4 1»7 •tor 181 u_la ftc· 1 J the 4la~rl1Ntol' 6 

· ot 1'11· a la tile cUatrtbutoza alldlllr17 ---.a sa fta· 1, with tile 

k'uh aN 11 ul brull ft. ftaa, taateal ot lrl"flaa ne :rotor a, •• 

ta rta. 1. ,, • .,tal' ..... abaft u.,. drift aq ,_ ot "- f':tw a:trr.j.; ~ 

.. . • 

. . 
eat rotora Ia to a.. fte f'llllat101l or. tile 41av1bator ' ma4 lanala as 

141 Ia llOW tJI.e - aa 4HOI'11M4 Ia OCIIUleati• Wltll ftl• 11 'lnlt tlla 

l'Ote that wll1 be auoela\84 with a.. •~•'• la DOW ~\11»1• 
of. wrta1a111t7• 

. · .. :·· . 
... 

.·.: 
I . 

~ .. : ___ _;__..:....·_._;,...,.__..;..._.. _ ___...-.....t>O ............. ~---· .. , .. ...; ___ ·- .:.:---..__--=-_.._· .. :_ ... _____ . ·---....:---.··---. • • t __;,_..,._:. 

. . .. 



REF ID:A40335 
fte nton Ill to :s. •• to 1te •t \o a b~i _. ·aupsq 'lie 

"... .. 

letten em tJaell' petpanea at a Ma4 .uola. ss- ''-" ue n . . . 

b41~41181 ntatoq JOIIl U•• ot •eJa ~- a:a tJae ..wt, tllen ue · 

aa' IS.~aat l~tl~l •ttll8a ~f tbe• Ntol'a, •* .a.. •tt1111 JN­

~Ibc • lltfRat •t ot II ,.e. m tM ,.. ... of eleotde _.;nata 

flt.a * IIIIJ'ou'l1 to tile 1Mult ot elltetN npau 1 ... ·a11'011tta . . 

of •laD14a I aN aJID• ltap nti~ Ia J'SC• a. Ia tJda tlplw 

atetore ~ ~ 141 a4 l'Otaral;!, to 1.! eoneapoat to''- abdlar~ 

4eatpate4 atatora u4 I'Dtor~ ot 1'18• a •. ftll latenal wtl'las• of 

n-&on as, Ill- B.!,. M4 IJ. are aot netpna~ 111 palra, u la •• 

ea• wttla * a1D&le J'O\or I ot I'IC· 1 1 1nat uw all nBI• oo~U~eotSrma. 

!Ill ztowr a. la, -.nv, 41ttanat 1D 1 u eoaavaottoa fJ'GII t1le ot!lel' - . 
zrotore. Ill t!lat U baa a r1ac ot 0011tao\a • -~ o• taoe ea4 u.e• 

eoataets an IDteJ~eD-oW 1D pairs. Tbua 1'01or Itt eerw. u • -•• -
tor nYeralDC a auneat CIO'IIDS lato ~ •t ot :rotor• troa a aontan Ia 

atator lS, pa.aataa throacb ro~:ra 1;!1 S}• Ia_, 3!- 8114 •ll41q ~ t beak 

tJaooaa!a :rotaN 1_!, 1.!.- 'Y. w aDDtb.er eontaot in atatol' 15. . Statal' 

1' aow ae:nea no eleeVloal racttoa bvt •:ntlJ' •• a MObmdoal beellle 

ap.laat w~eJl. rotor f!. preana. 'Relq I, ecmteet 111 •~'~~~~"-• 811 8114 

.... ,.17 18 tiOI'J"8apoa4 to atallarlJ' 4ea1paW4 el-•'• ot na. 1. .. 

n1• ot the ke1\0ud 1 ao• aerw a 4oa111e hlaott• luteal ot a •:lJtrcle 
. . 

taaetloa •• ta .rte. 1. !:ach DJ" Optl"'lha a 1•~ whlo:b OJ8D8 •. eaataot . . 
aua elo•li. aothR. 101' laetaaoe, nn tbe B Jrq t• 4epna..a ~~ot 

. . 
lewr 10 Ia •ttlldaa tJIGI& eoaaot Ul ••• .ua ooatao' at 111~ a.a 

.. .. .:· :: . ... . . 

.• 

. . . . .-~.··. ·.:>~_: ... /~; /. 
. •. ........ . -.. 

.. ..... . . . . ~ ;;. .~ ..•• J.. .... . 
.... :~ . ·· .. ": .· -· :.:. : .... . 

-~~~;;;_·:~:.~,2~~~.~.: ;~ ... ~~~·,.·; .. ~: . .'.:._ ~-~~i~.~;~:~·~~:~.~ --~- :·.~·- ,• ~--.. ·- .. : ... -.. -~~-··--~ ·::·~~;__;·~ .. ~:~- ......... . 

; 

.. 
i 

. -~· 

.': 
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.., 
.. ''"' 

as, ecm:~ot 1111 leWJI' 10. ICI'D4Qc1i01' ~ 1io a ooataot llti ia atatv 1.3• 

: tllnae th:'oalh tDa zoton aa4 'beak w a:ao\MI' eaa'tiao~ ~l~~ln atator 11 
. ~-

...... ala« ooad•.._...•~ J.e..- 11, ooa1iaet. 1],3, Mtl.el:.o14 -,", bat* 

· to ba tt"~Z'f J8. SOJ.eaoll ·~· Ia aotuate4 aial \:be olpllel" zre•ul tc"t ot 

B la 1.1.• X. 4eott•rb&, ·aa..S.aa tbat 1i'he :rotcu .. ar10 in 1o:1e ldea.t1aal 

poaUla tl'ie7 wttze Jn.wha en.Glphf'-rlDI (tlle o1plY ~ !;eJ aeinr t.3~t pme), 

oa 48i1N8&1!\I t'!le ~ bJ' of \l\8 'key .. oar4 1 t wlU 'H .... tllft t. t:te foUow-

1Df reeiJl'OC!'ll dealp!MIJ'S:ni oiroul1i !a aata'bl.lebe• : 

811c! 'tJi.olr thr.:>u,dl \he roton ~ aontect m, ooaduc~ at, le'lt:.:r 10, 

eoaaet·lll, aol.ao:l.4 •• I lMack to ba1iMI'J· 'lllU, \hit plala-te::r.t. -­

llaltaa't ot :, la ~. Ia 1ibls •arLer a nei}lroe• .. l eolp~ri~·4eci-p.Ji\r-

Ia« nlattaeulp S G rea411y eat~:bliel".e~. 

. . .,..tNI Aft.f>r t."::e 1a+.rodttcttaa of the fOJ"Rf..S. teatu••• fta DJ ,_ 

a •• ...,. wtl1 !109 eoulst ot 1.'11!1 tollolrla« e~t• 1 

(l, · ~ 0CD\1081t1on of' 1.1la - WbMla fll C*t 1•• t1l8 

···.. · p6a1 t.toa1 ot ...,e-. oa t;b.e wtwela) eaa their lnl t.1al •'\l:q e 

at._~~ot at B bcmoh ark; tu eoueo.tiou at •ttohlloprd: '· 

(I) !be ~ettt• O't tU ftton, tbat ta U.t:f J.a~ 

wtrl-; t!ltt relatiw ode!' of ~tDtoa If., ~ 1.! 11.114 &! on 'he 

••"• 11!14 the tn.I:Ual· •tUnc or alta •* ot aU tille ro"tol-a •' a 

bench •ztc· · 
(S) Tile rotora wld.e' ae Mleatet tor •lll'flt.••" wl\Ja 

••• wbHla 112 iaD4 '"• 
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n ,.. ... o1t~ou· "that ..... lt t-wo_ ........ 14ntl'!&l, . 

lattel' tor let._, naa ft tlla1. 1tes1a at ua.u, tlie - -~•' Sa c. 
. . .· 

D7Da _ ........ Pl"'4•e4 117 tlla c• 'wheel -••17, •4 ewa lt a.U 

. •,._1 ip 1• ...... nO. the -- ntol'1 ao loDC u tlle •ttl .. ot '~ · . . . . . .. 
ntor• Ia to Ia • eliatt 121 t• llttel'Ut 1t7 at ~'- - ·1atMI' tozo · · - - . . . 

.1' • ', • ~-

l · tblt• two • ...,.., Ol' eo 1cmc aa eS.tJido ot puo wheel.e W a4 .li' t• 
I• • • 

._.,. '«» '.dw 4ttta~t zotara, tile ol)llel' ~· wtU 1te •ltfenc.t ~ 
. . ~~ . . . 

nUftalJ7 thae wtll be DO 81p. ot the latlll'Hl. ldeatS t,.· of tbe two 
. . 

tat•• bl'a.-re, ~ la aou.J.J~a to prewat then 1HWic tbfte --...... 111 alallu to. ns tuteaa or oDl.J' tw, ..... lll I'll· •• 

111 whlob oaae tbree ot tbe tt'ft zrotol"e oaa be 4rtTeD. act, 'It cov•, 

lt' tilen wve _, 10 ntora l \ woall ~ JO•l ble to haft 11117 auabel' up 

W I Of 811011 clz'l YtJic pe:r Wbaela, 1illtaa atfo1"41D£ a 'YUJ' wide reaae fOI' 

teJiDC parpoeea. Ill othe:r wor4a, •• DOW tully dewlope4, the 1118-t.. 

pron4ee toJ' a aal.UpU.atQ' of Jtap, aa.aJa tut a atq•a•• .,. be 

iaplrle4 to -8118P8 8Wil 1D. the ....... ftefll kaJiq 884l't~D08 1 Wl 'h a 

ooneapcm41DS17 hl&b 4ecn• o_t OJ7P'tocrapJa1o aeeurl tJ'• 

• traaalator aeuaa1• • 111 n.. 1 .., be nplaoe4 ,,. • 

a78tem ot 1aterCODMated ooatao,-lnera tl, ad ueoo1atecl pa1a4 oataou 

a!aowa aohaaa.Uaa117 la J'l~. "· Ja tlle latwzo tsave, tile: ooataot Jawzoe 

'1 to e u4 tile ..,..,. 11 to &I are !Matlopua •1 a alldlu~ leaipaW 

ocmtaot lner• 8114 ..... ,. of ns. 1 aa4 .... ,. -- flaottoa;· , ... 'ban 
. . ·- ~ 

11 to 11 ot. nc. ' are ~loaou ··1• _.lllilelT lealpaW lien of fta· 1 
. . 

· all4 oe"' a eqal~ut taott•• .ts., to •' up, .,. ,._tatlw ~-·ta 

. ·. -r-~- •. . · .· .. ~ 
.... 

~ .:. ~ ·.· .. ~;~-- .· .. . . \:: 

.. ~-::; ... : ·._ ... ! "' • 
.. . 

· ......... . :· . 

. : . . . . : . ~ 

:'!" ••••• ;· .. :-·· . . : ... :> ·: . 

. . 
. . ·. :: _:·· .... ·-,::.:_-_=!?~··::_:· ... _· .. · 

I •' I 

. . . .. 
. · ... •, 

. . 

.. ~ .. ··~-:~.:~-. ~-::~·.: ... · .. 
. ·: ·::.-.:.-:::·_:;.f:f.·;-~;_:::· ·.·~::~ ..... · . 
. . ·. ~·.;.-... :?~~ ·:· ·~:.::·.<:'_.·:: .. 

. . 

" .. ,.• . 
··:,. 
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- --.:~-..·:--..· --

' "\ 

ot aotaaW aa4 aoa-aotaa~ bazw, ,..atatlw aftaa•-t•_ot ~atao\­
lewn OJeNUBC nltobea _ID eataltUaJ& oae of U 4ltt ... at olroult:e to 

t'bll temJ.•lJI ot ewltohboed '· It WS.U be ... tllat pe:mateUw anUp-
... ·-

111 •leotllla oae ot II JS1iM toJ> a e1lrftllt tlDwliiC flaa JOW•~ .,.rae 20 

to t'be •UobiJoU'tl 7. !'lie aapeta Dl to H all t:'belr aeaoe1ate"4 ban 

e1 to fS8 _., be replaoect b7" aa1 Upla-oaataet alar• wall aoa la "'1:8 art. 

ChugN, aocUt'lcetton• and equtrueat al"l'l!npae~~u a" contempllatal 

Y1 thin the ecopa or U. 1Jl~eat1on aa d.•t1ne4 br the appeade4 eleJma: 

. . .. 
. .! . . : " 

. '· .. · .. : '·· .. ,.:.. :-

I ,o '0 ,'' 

. . . ~ . .. . . 
I •' •o 

... • 4' ·.·• .... 

··.;·- . . . ·; .. 

. : -~ .. . . . . . . ~- .. · .. 

... : ... ··.·, 
.. ·. . 

.. . 

·. 

. . ~ 

.. . . .. ...... . ·• .. ·· 

... 
. ;.···. 

··· ... :·.·.:~-: 
• - • 4 ~ ~ • 

. · .. ·.:.. 
• o 00 ', .): o~'' I 

:. .. .... 

·. 

·'-.. .. 

.. 
·:' 

. · . ..:.··~ . . 
·. ,.····-~ 
· __ :.;t ~ ":t 

.::.:~:~,:~: 
. ·<j- . 

·· .. 
. ' 
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• • 

I alaS. : 

1. Tn 11 cryptcwrapb, s k•yboard ooapr1dnr a aet or c~:-aoteZ' 

eleMnte, •114 a coneapOJit\1118 •' ot ai@JlaUnv •l-ata in oper"!t1W 

electrical oonnect.1on; .._. 1nc1Ud1ne e clp!ler :reno~ mechaal• tor 

'fM171&R 'be eonnecUoaa between the oltareeter eleaenta and tbe a1saallafl 

8lementa, snid .. ohRniaa heYl~ e ault1plio1" ot potant1e1 olpher1DI 

poeit:loae and belna driwn ae(luelltlall.)- eB4 repn1t1w~ at a •tfD:m 

anral~r ~looity t~Q@b all eaid poaltlona. eaoh oaaplete ~~lution of 

M14 rotor •chant• oonaU tutln& a olpllflrlq ayele aD4 eaoh ae id olpher­

ln, cycle oorreaponaing to tbe time durlr~ wh1oh a kaT ot the kefboar« ta 

4epreaee4; aa4 aeena tor •leo'UJII oae ot aa14 poteatlal oip~Mtrlq poal• 

ttoaa \o be~ tba operetlw oiph8r1DI poa1t1on wt\hia a olpbertna oyale. 

2. IA a crtPtoc.raph1 a ke}'boar4 oc..pr1a1na a •t or ohol"'!!otel' 

ele,n•• a.a a corl'fJa:"lOndinr: eat ot atpeltng ele•nta tn ope!'fttl w 

eleetrtael QODDectlon ; a clphnr rotor a.obaDlaa tor TR~int iba oonneo­

tion.a bet...-eu. t1e cbaNater element a and tbll a11118llDI elel'i:lenta, all 

rotor ~chant .. hAYing P. multip11otty ot ~oteD,lal o1pber1DC poett1o.aa 

an4 betq 41'1ftD •quatlall.J and repeUt1"Yelr t\ t a uat.toJ'IIl an.,alar wloetv 

t!arouc1l t~tll el'1d poel tioDa, eech oaaplete retolutloa ot aa14 rotor mecbaat• 

conat1 tut1nt: " ciphering eyctlA aD4 l!!laob. ea14 otphPriDI' o::cle co1"1"t'spo1Ut1DI 

to th• ttae d\ll"ing wbloh a key ot tu ke,_1"d ta doprea811Cl; •an• t• 

eelectlnr, oae of ul4 potential alpbertq poa1 tlou to 'beOOIIle tbe operattaa 

otphPriB& poal Uo.a wt thla a otpbari~~tr cycle; aD4 ....,.. tar Yeryiac *bit 

•l•ot1oa with •u:aeaeiw etplaert .. eyolea, the letar eo1"Napoa4bc to 

i.uoaeaat'fe 4epreaa1oaa ot * nya ot ,. te~d • 



REF ID:A40335 

·-- • 

:s. In a c:rypto,F.repll, a ta)'boer« ooaprhllll a eet of obarftctel' 

•1-n• and oorl'eap0Ad1111 0011tae\a elM\rtoellJ auootatea tberewttb ; 

•• 1a41catia& •oMnt• ooapr1a111& a nt ot a1pal1Jtc ele•ata corree­

JODdlng la ~ wlth tbe a.-bar ot Obaraoter •~ta ana ln ctrcutt 

nlatlon ~rew1 th ; •aa• tor eatabl1ahl .. at n!'111l8 tbe electr1•1 

OOaDeotioaa between tlle ebllraoter el--ta u4 the a1pel1na eleaenta, 

aa14 ..ua 1ncl\141JIC " oitt.l' rotoJ' baY!DC '\benia a aet of 1aeulate4 

acatuowra, •14 l'Otol" be181 apable of •••*Ill a -.1. UpltoUy ot 

:poteatial o"tpherlnc poal 'Uoaa; _.Da tor dJ'i'YlDC at1ld l"'Wr •qa~~attel17 

ad NJetitlwlr at a unttol"'l anct~lar wloclty tlU'ouch aU ae14 ctpherlJII 

poattlona; each complete re9Dl~ttoa of aa14ro~r ooaatltutlna a ctpber­

lq otcle aad each aat4 otptaerlac oyol.Ja ooneapowliJac to tM tt.a e ke7' 

ot tbe n;rlaOUt la tepnaael; ••• tor •leet1D& oae of •14 potential 

etpberiac poaitlou to beoMe tM opera\lw oS.phel'tQS poatttoa wlthta a 

o1ph~r1ng cycle. aRid ~ana ooaprtalnc a 41•tr1butor aeehaa1 .. aDd a braah 

t1M4 to rewlw about the taoe of ae14 diatribuwr a)fDcb.ronotae17 Witll aa14 

rotor; a o1rou1t lao,_u41DC a relay, which wllea actuated aouecta the kQ'­

laoar4 tor opere\ ton , . aid J'el.a7 be1q ooatrolle4 thltoUC)l aa14 o1J"oul' 

in wh1eh ia 1aolu.cle4 the laruah ot 8814 41ab-1'bu\or aeobaaia J a \ren.tatol', 

and a contact oloH4 b7 R14 trualato1'; a Ht ot caa llheele tor ooat:roUS.• 

••14 truelator; and J!t~'tflna tor &JllulttrlT 4taplllo1ag the reepectlw oaa •heel.a 

of' .. 14 aet with aucceaa1w depreaaiOAa or the kt17a or tbe tqlaoe:rt. 

4. In a cryptograph, a keyboard ecapr1a1q a .et or oharac~f' 

el.etdn'\e; an 1ndic&t1DI meobaal• ooaprta1&« a aet ot a1pal1Jt& el-.ta, 
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both eeta ot aleaenta belq in otrcui t reletioa ; a cipher rotor f'or ea­

tabl1a~1DC a .ult1plto1t.r ot coanection~ betweea the character element~ 

and t'he a1p.alillt elemeata; aeua tor dri<rtnc aa14 !'Otor aequentiell.J 

an4 :repeti U•el7 throuall the entire aerie a et au.o'h OOJUleottoua, the 

tiM nqu1re4 tor the roto:r to paaa throuah aa14 aeries or coanectiou 

eorreapoadt• to ea. ope:rat1D& cycle; a distributor the taoe o:r which ia 

41Yi4e4 up into 1naulate4 eepenta oorreapcmdlq 1a allllher w1 th the naber 

of cbaraotezo elements, aD4 ba"fiq a bruh neep1ug 881d aepumta apolaroD­

oualy with the rotor; a oaa wheel maobaat .. tor eatabl1ah1ft8 a cipher ke7; 

a traaalator mechanlaa tor ooab1a1us the etteota ot said ca. wbPel aeohani .. ; 

a awtto~ar4 tor reducing tbe aa14 ettecta to a auaber oorraepoadinc wtt' 

the number of' c'lencter el.,ata; a aource of poteaUal; and e l'el&J' ooa• 

trolled by the caa wheel Mcbaal• 'through the 1ntf'rmediac:r or aaid trea ... 

lator mechftD181 and d1atr1butor tor the purpoae of aoaaeot1ng the teyboart 

to aid source ftt a selected taa'lut wt thia the operattag oyele. 

6. Ill a oryptotftpll. a keyboard ecapr1a1ng omncter 

e~ta, an 1D41Cflt1ne aeohlln1811 ooapr1a1JI8 aigaaling elell8nta, o4 

a oi~her rotor tor eatabl1ah1ng And au\QmatioellJ, rhJ,hmically, en4 

aequeat1ally 1er.F1DB tbe ooanectiona b~tween the oharecter elenenta 

an4 the a1cnal1n& elementa ; .eana tor aeleottag oae ot 8 set or sA14 

oonnecUona 4ur1D8 the Uae 8 key ot the keyboard ·ta 4epreaaect; ani 

me~na 'tor 1"'ll"1'1ng the aelenioa wUh auooeaat w dep:reaatona ot the keJ'8 

ot tbe keybOArd. 

6. In a dfP\ogrAph., a caa-wbeel meohenism. 'f'or eatf!bl1ah1q 

a cipher key sequence CODaiat1DI ot pe~tatlo.na ot a plurel-unit code; aa4 
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.eana tor tranalatin~ the pe~tationa aet up in ael4 oode by BR14 

•--•heel meeh•a1• into a l1111te4 nllllbel' ot a1D&le-ua1t keyiq 

ohanctera. 

f. Ia a 01'J'PWsraph, a c--wheel •Ohall1• tor eatabliald. .. 

e cipher key aeqaence aonaiat1nr, ot pe·~tetiona o~ a plural-~it eo4a; 

aeana tor tranalat1ug the pP-r.utat1ona .. , up 1n aa14 oote by aa14 ~ 

wbael •ohant• into a 11m1te4 auaber of aill@;le-D.1t keJ'iDS oba:raotera; 

and a aw1tcbboard tor reduciD~ said k..,1DC cbaraotera to a 818ller au.ber. 

a. In a cryptocr&ph which eaplo7a a tranal.etor aaseablT 

ba1'1DS pezmu1atloa bars and. stunt bare la operatiYe electrical ocmaecttoa; 

••• for prod.uclq a releti wly long c1pber key sequence compoaet of 

a1aele-Uil1t 'keyint.• eharaotere, said mPU.a 1nclucUng a cam-wheel .m~henl• 

tor oontroll1nt asid p~rmut~tlon bera; a .. t ot contacts controlled br 

.. 14 stunt bera; and a distributor pronda4 w1 th segments which ara la 

electrical connection with said contacts. 

9. In a CJ7Ptoynph. which employe e translator eaaem•lr' 

hs•tnr permutetlon bere and e'unt bars 1n opPrati~ electrical conaeotioa; 

••• tor produoillg a relati•elJ' long otpbel' key aequence composed ot 

aiagle-untt keying oberaotera, aa14 meaaa 1aclu4tng a c~wheel meehaatea 

tor oontrolline; the permutation bare ot llftld translator; a eat of oontacta 

controlled b7 the stun~ bars ot aaid translator; a c1reu1t 1nc:ud1ne a 

.. itch board; and a distributor, the ....-nta ot which are oonnected to 

aa14 eontaote throQSb said awttohboard ~or retueina the number of erteeta 

obtainable troa the t:raaaletor w tlle ••bel' of M-nta on the 4iatJ1.1)utor. 
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10. In a Cl'J'p"topoapb. which et~Ploya a tnnalator aa18!1blY 1nclu4-

1nc per.mutnttan bare and •'uat bara in operett•• otrou1t arransement ; 

•~ns tor producing a relet1Yttly lema cipher key aequenoa, aeid meUI 

CQ3pri~i~c a eam wheal meobaat .. tor eontrolltng .. ta permutetian bAra; a 

••' ot eontt>ota controll.e4 bJ said atat bers; a ftikh'board; end a 

41et~1butor heT1D& segments ia electrtaal oo .... ttoa with aatd contacts 

through 3~1d awitchboard R4apte4 to reduce tbe a.-bar ot etfBcta obtfttuabla 

trom atdd tnuale'tor to tbe ••bft" ot M&IIMlta oa the 41str1butor, and to 

'lftry t~e connectiona betwHD ~ coatecta ot \he trenaletor and the Bf!ttJIBBta 

ot the d i&tributor. 

11. In a ft'J'Ptogre:ph, a keyboard oo.pl'is1JI€ e sat of chl'!mcter 

al ... uta; e cor:raapo~~dtnc eat ot at-.nelt!lf' ,.l,..tata, both Mota or e-le~~~«~.ta 

'M1ng in opereti'YB eleotrtoal ooaaeotloa ; a "" ot ro~tebla c1phEtrtq 

~tAtors tor ••I'Yl.D« the ooamecttons bf!twea the character elements 

an4 tbe atenaling elaments, eaoh ot eetd commut~tora hav1n£ e mult1pl1c1t7 

ot potent1~1 c1pbartng poeltiona; _.ane tor •el~ot~ one or more of aat4 

oom.ateto:a to runct1oa aa rotors; .eane tor dr1T1ng said a lected rotor 

or .~tore a&quen11all1 and repatiti~ly at a ~~tr~ en~lar velocitJ 

throuf'b all ot their potential cipherli!F potd t10tta, och Cor:lpl£>t.e ravo­

lutton of eatd sele~ted rotor or rotora conJStituttne a ~1phr•rir.&C cycle, aDd 

eAch ~.te\!1 ctpherintr e,ale oorreapond1nt;· to t!Je U• d•lrin~ which a key ot 

tbe ke7board ta depressed; end meana tor aeleotlua one of aeid pot~nt1al 

o1ph~r1~ poa1t1ona to beoon. the opere\1,. otpbertna position 1n aaid 

cip~rinl cycle. 
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12. tn a CZ'Tptot.raph, a lat7boflr4 OOIIpJ'ia1DB a .. , or ohanotel' 

•1-at•; a aorreapoa41q •t ot a!pallllc tlemea\a, both •'• of 

elemeuta beins 1a operatt .. eleotrtoal ooaaea~~; a aet ot rotatAbla 

eip!Mtrtns aOJ:IIIUta'ktn 'tor 'ftrtiJJe tile aoauati ou ••••• the oharactu 

elements and the etaultDI el...,ata, •oJa of 111114 oa.atatora uv1q a 
' 

allttpl1c1ty ot powat1a1 alpllertn« -poelttoa; ••• tor •lecttvely 

ope:ratiD£ one or..-. or 8814 oo.aa.'•wra aa nton. taola41JI& mean• 

tor etrtYiDg the - ~tl•UF IIBI1 apet1Uw)T ll'li e ua11"01"11 angular 

w1octt7 1h1"0UfJh all ot t'beU.• poteattal otpherlq: poa1t:toDa, eRcb OOIIPlete 

r~~lutton or .. id a·leo\14 rotor or rotora conat1tut1na a clph~ring GG~cle 

an4 eAch aa:l4 o1'Pb~t:r1DI oyale eorreapon41nr to tba t1• 4U.rlll£ which a ter 

of \be lceJ'board 1a 4apreaae4; •an.a ror aelect.1nt: one ot aet4 potential 

e1ph~r1J1f• a;clt•; and &ttans for nrr1D& the aelectloA ot aa14 J,rotelltlal 

clph-rln~ ~oattlon wl~h •~aoeaa1.a o1pbbrln& «rolea. 

J.S. In a cr.Jpto~o•J"Rph, a keyboard. ooapr1e1nr, a aet or cl'..erectel' 

element• and a corre~pon41a, .. , ot contaota 8lectrtot.llf aeaoctated the~ 

M1" eleme11ta ot the key'boa:rt; e oi:teui t 81£ t• 1nclud1DF aid •t• ot ele­

aenta end a aouroe ot potellt1al; •u• tor eut.o.t1oal17, rhJ1;la1calJ.7, 

elld sequen'UellJ' ea\sbltahlD& a aul\ipl1o1t:r ot aeta ot dltteren\ po'\ba 

tor the pu1118p rd eleatr1e cu.rrenta trca tbe OOAtaota ot tlw ke)"bOtJrd. to 

tbe a1gDB11DI elements or the 1DUc~tt1nr aechanl•; aean• tor ._nta1•il.J' 

.. leettnr one o~ oald seta ot patha and aiaultaaeoualr OODneotinB ~ 
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0011.11\oa terminal ot \ba ee\ ot oontRota ot the keyboard \o eatd aouroe 110 

\h~~ an electric ourrent 1a1t1atad by depreaatna oae ot the keya or the 

keyboard will flow alDh{l one or the pa.t.ha in aa14 eelected aet ot petba 

to one or the &i£naliJ18 elementa of the 1n41oaUD& •Ghent•; RDd aeana 

tor Yerytns anid momentary aeleotion or a aet ot aa14 phtha with aucceaai~ 

depreaatone ot tlw ke:ra ot the keyboe1'4. 

1-l. ID a oryp\ograph, a keybOard C:lll'lpr1a1ng a set or o1Brectel' 

ele~en:.a ~J·d e corresponding eet ot c<mtftota olectricelly Assocl~ted with 

the character elementa; an indiofltins ~cbaniam aaaoo1ated with aatd keJboftrl 

and c011lpria1ng e oorreaponding se-t of eit.n~ling eletaenta; multiple aeta ot 

electrtc conductors, end ~~ttens tor rhythrdcelly end soqu~mt1ftll:Y 1ntcrpoa1q 

a14 oonductora between 118.14 keyboard ed aaid indioa.tiq~ rnoeht.rthm; meaaa 

t:>'r tSelectit~g ~ne l)f' sftitl ut?te CJt condu.ctora &r•d eat&bl1ah1D8 Opf'rat1• 

eloetr1ool connect lone be'h·een the con'Ucts of uaid keybor•rd hnd the a1gnel-

1ng elPM~nta of aaid 1Dd1cutinG mochanism; und =~ana tor ¥Ar~1ng eatd aeleo­

tioD irregularly and "d th sllcceaa'l .,. de·'ress1oa• of the keys ot Bflid keJ'boRr«. 

15. tn a crypto~nph, e ~eybost'd COlllPrisinr, abarecter 

eleruellt&i a corresponding a~·t of signal1nr elet:Lenta in a 110'1.entially opera­

tiw elActr!.cal c.onnr.ct1on t-..1 th t.',e ltP.7bOeor'i; mef:na comprising e rototoble 

COIJIIlutAtor tor wr;i·int· tl:e oonnE-cti,>r.& between the ke:,rtoard eleaenta aD& 

the eig-naling ele,tenta; t1 motor to rott1te the coautf:.tor at a OODetnnt 

speed, each cOtJpl••te rr"folut.il.)n or the oo•utetor com:priein~ one o~re.:t1118 

oyole duriq which t.'le ke:rboard MY 'be oJ)'IIIrate4 in eac1pber1n& or deoiphel'illli 

a cam-wheel llftChallia oompr1a1ng a set ot oam-bear1D& rotate.bltt m&bers; 

aeau tor anplerl.y dla pl.aelllf:' tbe caa-bear1Ds aea'bera upoa op~re tioa ot \~ 
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tetboal"d; a llf~t ot oontao~ lewra and aaaooia\ecl ooataota oontl"'llel bT 

the oaa-wbeel i~Gchent•; a trnulator •ohtul1• ooa\I'Olle4 by the oea-11bettl 

meoluulisa tor coabta.lna 'Ute etreota ot the •--cCiltrolled contact• aa4 

cau1ng 'the .al.eotioa ot o• ot a plaralit)' of otpa..J~-ke71ng c1rcu1 ta; a 

awttchboard tor 7e4uotaa ~ plurality ot o1pber-ke71D8 c1rcu1te ~ a 

JUl!llbe:- ot otrouita oone::poa41a& wttll \be n\llllber of obel'tlewr element. ot 

tbe kefboe.N; a 41ati1.1Ntor c•pr1etnc a pluraUty of' ineul.Pted aeflllenta 

o~rreapoadia& in nwa'ber with the naaber ot oeraoter el~~~~M~n\a ot t.rw 

keyboard and coueoted to OM aide of the awttchboarcl; a 'bruah 1m1 oU"'"JiJi& 

a bruah whloh neep• o••r tba aeeaat• of the d1etl"1buwZ", tlMt b:ruu am 

being lce,e4 to the aeae ••t-s on wh1oh the c.,..tfltOJ' 1a tvkwt ao ,., 

the 008Uiltator end the 'bi'Wih on the 41e~ibu:tor race l"'tate apel&Jioaou]¥; 

end e r lay coutrollecl b7 aid dia"t.ribU'\.Ol' tor OOJlaeotiDg the ke7baal'd. to a 

po"'er couree for 8 apeoif1c inetmtt in tbe operatlq rfCle, ae14 1aataat 

bejng ~etona1ne4 b7 the oipher-~er c~inatiGD ••~abltabed by the oa~wheel 

Mcbftnta. 

16. 111 a orypto,.:.raph, a • eyboarc! CO~~t1Jr1e1ng e aet or cht~l'ftcter 

elene~tu witb bawociated oontaota; an ind1~it1ng mecbaR1aa eleotrioally 

aaaocint&d with the keybo~7d and coapria1na a oorreapoD41ag .. , of etgaal~ 

el.,.nte; meaJla tor ooueo\illl! the ooatacta w11i 1 tba •1&Ml1D£ eleaea.te 

and tor '1'ftryin6 ae14 OODBecUona aeq,\leDt.tally and r~oall.J ln a aultt.• 

plio1 ty of waJa, add JiUJ&.ns eol.!lprlalDc atetora an4 1nclud1q oipbertq 

rotors whiob 11r0 interposed bo~4i"tt8D paira or ~Mlid ete.tora end which haw a 

aulUylicity ot pownt1all.1-oper:·tivo oipllerlns poa1tiona with respect to 

aaid s'btora; a aheft oarrytng 881d rotora; IM8Da tor rotatins one or liON 

of said rotora at a aoaatallt aDgular nlocl tJ'; _.. tor _..lltfllr117 
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<I • .... 

' f 

' •, 
' ' 

, I 
• I 

__,eoti.~ the IOllllliiDD tenaiaal ot tu oonteeta ot the keJboerd ia etroalt 
' ' \ 

~1t1.oa, \llu oaaaias the Hleote4 olpllartnc poattloa of the rotora w 
' ;y~ ' 

aot( aa 0. opel'BUW o1p)lerlq poaltioa; u4 .... u tor ft!'yiJI8 the eeleo-

1tt0. ot •• 4rlwa I'Otora ucl ot ~11" oper8UW olpbertnc poe1t1oa wttll 
I 

.'\ •..-••tw depZ"UalODa ot tbe ke7a ot tile key'boar4. 
/;. J 

'I ' 

' ' 

;;,· 
1 
eha"ote~ e1 .. au aat a eOI"ftapoa41ag •• of el...Uq eleaeate; IIPeU.uit 

117~ 1aolu41DC a aoaroe or poteatial ' ••• for ooDUOtiag tbe blbOad 

to. •14 eoaJ'ce for tbe purpoM of aatab11ehlll8 operatlw eleotrloal oou .... 

tt. laetween t• kepoard and the alpal1q e:t.eata, a14 •an• 'betws 

aotmatea oa17 4urlaa a apeottlo \tae-ta~~l wlthta a aet ot equal tl..-

iaterwla into whlu eecb orole at k8Jboerd. opereUOil ie 41'91e1'ble.· 

18. rn a cmtcwrapb ineludtay a ke.(board eoa~iatn« 8 rt ot 

aystem 1nclwl1nR 8 eource ot poteBtial ; ~~ea.na for oo:ueotinP.' tbe k8Tboar4 

to eRid source tor the yurpoae ot Astll'bl1ah1ng opertiti-nt alftctrtcal OODileo­

Uon betweea tbe ke71t0ard and the aignal.ing elemeata, enid meana 'be1118 

aetuate4 only durin@ a epeo1t1o tlme-1n,erYal within a aet or e~uel tiae-

1.nt .. nal• tDto trbteh eaoh cycle ot keyboard operatioa 1e 4h1.a1ble; and 

.. ana for obaag1ng tbe auooe .. 1~ aotaat1nc t1me•1nte~l•· 

I 
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