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Cl'Pher equ1'YA.lent~ r.·preatt::'l'-1116' 17laln-te~ c :ft.rac'ler_a RO R.r "to 'PreYRnt 

lliQ' per1od1Gi"t7 in ~hi.~: relationsbi"P• · 

.A.no+J\t!r 0'1.Jec't t)f the in'Yt!ntion 11 the 1Jipro'ftllleJ1'\ Of ezt.tlJJS 

OI'JP'\Oft'Z'&~ha asplo7:1.Jiff a sariae ot .tustapo~~ctd, ro·tA;tfl.ble., t:on·:P.rt ton­

chaDBlJ'II~ f.lechnni .. wbir.n ''~ovicle AD enoi'IIICJu. mabel' of 11.1 ternat:l.,. PAth• 

for the paaaRr,e of an ele~tric current correapondln« to a mea...- charACter, 

t:ram "\he tranaa:l.'\'\:l.ug contact& ot the keJ'board '\o "\he lndlntLtlnc el.-nta 

Of '\btl I"8COrcl:l.118 MCb&Jli •• 

tlw 4111J)lacenanta of tbe me;·1bera of a Bet of cireu1't ohangll"lf·· nechan:t-

• eo &I! "tO all :1nn.te ~,. precUotR.bla tactora Sn 'the mo"f8111Bnta of 'he oirauit 

cbaDf.ring MCbaniMa wl tb the reiNl. t tna.t unauthorised THJreone, e"ftln thOUBh 

1iha7 IIR1 p•>••••• identical cr1ptographe, will be unable to decipher ••ut.'WI · 

eo ellOlphered. 

!he inwn1i:I:OD lB ~lained ill connect :.011 with he &OCCJRP811¥1DC draW• 

1D«81 in wntcha 

In l'it~· 1, _which is Mrel7 d !ngri'IJ7r.laUn, tharH are llhown the fol• 

lowint": elerunta n.ll or which Are well-known in tl1e art applicable 'tio l!IGcl-

'L'he mu118ral l ,-rt!!1&rft.ll1 del"!icna:t.ea a atandR.I'd 't~lte'l' 
I 
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ke7board p~ovided with a ae~ of keya tor cloaina a aat of con1aet1 oor­

reBJ)O.n4i!IB to tba 26 letters of the alpba'betJ the DDaPral ~ pne~ll7 

•t· .,., m~~~tf1il 01" IL pr:tnt1Jlf: mechan1811l1 Ol''-, a bank of glow lUlJ)• ·11o in­

dicate b7 illumination of euperimpomed lettering tbe aquivRlent• re.alt-

1DC" from encipherment or decipherment; 3 t19Ml"Al~ desiBnate• a aet ot 

wheell or di!l!k81 mountA.ble unon a OOIWilOD abaft and arrRJ'Jft84 to rotate 

nlati'ftl to one another A-nd to fi.xed and diMs, in order to provide a 

large eeriea ot Yf\riable pA.t!;a for the l)R.I'If'IP. •. ·e ot electric cu1•renta ro-

prel'!fenttrolf.' 110SP"B'J ohnr~a t!ra, t:1e e:tao'ti path in each inratanoa beinc 

deterrdined by the reh.:Uvo ru+.ator~ po~iUona of the whole set ot cipher 

ing telegrflp~. In j~!g. 1 onlj' one BllCh tape-trftll•i tter is Bh'lwn &I 

at 5. In J11r. 2 two snob tranenittnr• l'.re ll\own in interant,_on as fl.t & 

and &• ; ,..nrl in !i'~· 3 three trA.n~-,Utt>rl are shown in inturaction aa 

a\ e, 5' and 15". 

{n cryp+.ogra.pha of this general chl\ra.o'ter 'tihe principal rel-

tame tor orjptographic HClll"i t~ 11 plaoe4 t\pon keeping aeore'\ the 1n1 tlal 

oondttions a.e regMda the relAtiY8 flllBitlont~ !Hld t:1e arrangem.tm1i of tlw 

1n1t1al nond!tion~ con!:ltttute the "key", and ~he lntter usually condeta 

of two ptLrt~. ?ir~t, the 1J1ecif'ic horisontRl perw~tnt .on of the o1phel" 
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wheel I u;pon the ahu.rt. 'l!le:t b, the order ot the wheels traa lttfi to 

rich' or right to lett between the ataUonary 4111kl .lllW!It be ind1cate4. 

laoh cipher wheel cMnl!l i stP of two rirlfl:'l ot' 26 contacts, one ring on 

the o'bYtt:rMe far.e, 'the oti~nr on tho rawree tR.Cel 1ihc oontac'*• ot tiJII 

obwree f"r,ce are ccmacoted, by ineulPLted conductor• PAlling thrm.16b 

tbe wheel, to "those t)f the rewrH taoe in an entirely rancloll IIRZU181'. 

The cipher wheela bear 1dentit'71D8' 4ea1gnat1ona and are 1nterohall&'l-

able aa rot~rde the order in which they ~ be 1neerted into their poa1111DDI 

U'POn the shaft, 1tnd it i~ ·uP.wt.l 1.0 ~rae upon fl. ke~ whiob tncHcatet that 

ordezo. l'or exa.'flple, in " cmto~r~ph ~omrtr:;r.ted for tive cipher wheela, 

tbe ke7 4--1-4-?.•6 I'IIR)' IIP.ft.D 'hft.t cipher wheal n'\llllber 4 ie placed in .. he 

t1r•11 posHion neYti +.o 1:·:18 luf't et"tionp,ry d1.Pk, n1pher whS3el nur1bnr 1, 

in the P. r.o:~d -po ~i. t.i on, nnd Po em. 'l'he c 1-phor w·1oela r .IRZ' be ill11flr"4 on 

tbe ahBtt 1n a righ• •ide up or up e!de down poettion. S1noe the w1r1ns• 

wtthln the reepectift wheels are different, it ia obYioul tllAt ea.ch ot thll 

10:x8x&x4x2 or ~i840 different permu:tn:ttona ot ~he f1'18 wheel• are R.ftilaltle. 

Each tmnn perm.utn.tion \fill prod~tee d1tteren't cipher nwlta trom eYel"J other 

penn'tatlon baoa,•ee 'the oompleta path throur.h the whole tet ot whMll 11 

eatabliahed ~ the Juztapoeltlon or tl~e ••P~Ate pa'tha, one in ~nh wheel, 

'the aaquence or arrn:~ent ot the ind 1 ~idunl ciphe · w<;eele 11non the ahatt 

will hereafter be cal ted t·ia P•!l'lw:t.atiw key. :.e-ue aeoond ))IU"t ot the k81 

11 ti\8 tpeo:ltio &11£nmant ot 1den'Uty1ng narka on the per1pher1et ot the 

oip'ber wheel• Atte::.· theJ hn'N been 1noerte4 on the lhaft aocordin« 'tio tlw 

pel"f:IUtati -.e key. 'l'he pertpher' ot each wheel beara a •riee c1 26 14ent1• 

f7lng charRCtera correspondiJJC to tha 26 etopp1nt~ poei tiona of ·'!1ft w:beel 

as 1t 1" diwpln.ced b;y ro~ntion on the eh1.t.ft. The 1nitiRl rotator)' podtiont 

of t.-e ti'fe o'lphar w:1eeh re!n.t!Te "to one another 'lr.d to the etn.tiOJULl')' 
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end dilk!'!, "" d.e8i;.;nn:ted bJ 'the borisontRJ. ~equenoe ot the 1ctent1fli.ne 

charawtare on their lMtri:pher 1418 ae Ali6ncm 011 a ''bttnch IUll"k.' on 1:he 

eml ct1aka, will llereanel" 'be aa.llecl tlle rotatory ke;.·. In cryp~pb• 

of the t1}te under conatderatton the ptJnm.tatl ve key renut.11111 fixed, ,..,, a 

rule, thr ~out 'ihe eno tphement ot a ZOJeaa- o.r a Hrlea or ••-.geaa 

the t.ni"'" fttl rotr..t;J··~; \:"o~· usu.~lly 11han;;e• fl-,)!.1 ~ftt!!'t'll.f~8 ~t:> :'UH•~·~· 

wileell of tile '\JlMI retr:~rre4 to abovft1 an4 arrRJw,e4 a• 1n41.nn.\a4, llltan• 

an embnctiecl wlth!n 'be cr;tPtograph tor au1i0Afi.Ucal~ cbangtrw the ro'ta'iOI'J 

poet Uuna o! the cipher wheela 4urlnr, the cnur• of ttl\Clpherln« or d.ea!pher­

tng a rsaaaAf"e 1 'll')tt ,. nea.r~e are alw,v• ot euch a nature n.a '\o Jlalc8 '\he• 

ohattce• or a def1n1 w IUlCl p.,....,.,l"'llined. oharn.ctar. For e_.la. 1n Hebeme 

u.::~. ~at.ent .'Jo. 1.6831 0'121 t~i~ ttxert C)ll'~'tdr or the wcceaotve rr,ta.tor,y mow­

•rata of the cipher •h•l• 1• GP1A1ned. 1n qut• a 1etn.iled Mlllnner, ancl b 

aa• 1• ,1'\18 &II l"dt"Rl''dl 811DU.N" OJr'1PWt,"''ft'Phl llr(;dur.fHl abrOIM'l. ~'lui PI"OBN .. 

lf.on of the o1phcar ,~·,.~~~~~}~!! in 'ihePe ctf\<=~Mr" ir. ~t;::·,·la.r to "thtlt of indiea'i1JW 

1\W"er~ •'n"" ommtlrt;·· t~P.hMltt.·Jf11, ·-htuh "·'-"• 'blt.~1onU~ rnnulnr. or periodic in 

'tht!b' actlon. !'hi• r*tf\.ll.nri·r.~ tlr ll~.r.torU.ef.'t;t etf :ltYUnn prodl»e8 pntdt.ctallle 

relatlonsbiptJ beWePn 11110 plR-ln-"tlex\ c··,,_··n.ete.re Md tho ~i!'her nl:.ftr~t•n tor 

MW gl'Yftn initial roU.tor1 k<JY• ';!h'll• shuuld t:,a dr:.rptotTa]lh n.nd. <~1pher me .. 

ta.'·tu' tdl i:;:~o tilH '·inn{ I'! f):· <rlft.lfthorlaed partie!!, the lft.ti;e~- na~~ ple.oe '\h ... 

eel Yfll in .... ,,n::: 1 +.ton tQ daair.hHr t~ !':lOI!!U¥.'&1 ln.rgt~l7 a.P. a r~lllll t of ·.he pre-

4e'\erna1ned tV1.tu1·e ilt' th~ l'·.c~or.·•tw ro"A.tt>rj ditrn.laoer:Hlr:\8 of '\M oi:pher wheel•, 

e'fen ~hou,~b ·.he initlfll lte)'a ma:t not 'bt1 kJ10WJle 

···he basit: ttmt11.N •'}!a;; 1nYi!;-ti•1h -.~; t.ht: nl"l.r.:·:a~·;-ton D:· t1.18 

pracUo•llle -r~~~:'r)r ll .. ~d ~·Aa prl)v.i~lion ;}f n. .;·.~llOht:IJllun t·~,r d.if'lJllfLciu.r the cipher 
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wheel• tn an entirel7 lrn8'\llar, aperiodic ~~NUWr. ftia 1• accoftPlillbeel lQ' 

. ••• of the wheal-•'-Jlp1ng aechaniBI!ta ahown aa at 4, anrt oparl\\e4 bL '\b8 

present eJttodime~tt 07 1ndi'f1dual wueneta which an ctlmtrolla4 'bJ \he eircle 

tapa iranalll t'\ar I ot Pi4J. 1, or )1 wo or aora ape tranlal t:•r• aa abowa 

1n FiCW• 2 and 3. In \his 4aaoription ~ ahow a cr,ptograph with a aet: ot 

the ro\a'\a•l• olpar wh•l• as a t:nu1ait\er u.ainc a -plural 111lit: oode llaM4 

upoa the penm.ta41dcml ot two elttAenta thl'ou8b tift poa1 'Uona, lnlt: 1 t: 1a o'b­

nna thAt the in"Yan· ion 1• "-PPlioable to a OI'1J)togra:ph Ullllfr a fewer or a 

'«reater number of cipher wheola and a plural-unit node of a 41tterent \JP8 

thaD the well-known laudot f1~1t oo4a. 

'J!ape ilranaaltt:er fJ ln flg. 1 ta ot the ,,. .. 11 ldlawJ1 ln print-

1rtc telegrfl-ph,y, bnt only one of the llnal two lMa btu' a an oonneote4 to 

O'ID'Nnt aouroe 1n \hll caM. !be t:r....S. t\er la operated b7 a t11.pe lNtarin« 

a Mrlea ot perton,tfona persted. bl aooordanoe wUh t:ba l!awt.Dt oo4a. !be 

perforatio:nw \n t 1e tape control the aetion of the fi w conV.ct: Mrtbera 6-10, 

which, in t11m, thro\18'h the circuit 1nclud1J18 power 110uroe 33, and cnnductora 

11 to 12, tnolustw control the aa:Uon of 'be tift ~'*•• 11, 12, US, 14, 

16, ae a "" of aleman'• operable 1n a JNJZ'IIUta\1'ftl -.mer, a• w1ll 'be lfhawn 

aultMctuentlJ• 

'1'ha -.net• ll to 11, wi.'\h 1iha1r aseocia"ed stepplflF •cbiUlisma, 

whicb *'wY be ot the ra'\ol\a' and pawl '1Pfl• control, pel'lll\l'\Aii"Nly, the dla­

plaoeraen,, ln atep-ow1ee Mnncr, ot 1il\e lnd1'f1dual cipher wieela 16 io 20, 

&ACl t:ne oanURUOuel1 'fBZ7. in an lrregv.lar, &pel'1o41o ..nner, 'lw 1'0ta\or1 

poalilona of 'he f1"Ya e1Jhar wheel• ill eD01Phel'Mn1i or d.eolpheraan'\. a 11 

ae--.ct Datura.ll7 'hA' correqon4ente IIUBi be equ1ppa4 wl til e tallu ceyptogra­

ph• rmd 81a1lnr cipher wheel•, wire4 1darrUaall;y, an<1 'bat the corre.,o.­

den'• are pro'Ylded wUh 1denUoal kq ·\fl.pes tor con'trolllng '\he IIO'Yaaent'a 
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ot ~he cipher wheel•• The exact initial pe~tatl.a an4 rota~or,y te7 

and. the lnlUal point or ac·Uon of 1i1Mf. ka)' 1iape Dtst alao be '\he -­

between oorraBpond.en"&•, and cu be predete:ra1nad. 'bJ acnement. 

'A."he f;'·lrkiJIC srrRl'l{,.l"ftnf!nii lllfl.1" . .,. mJCh tlvt t nn tiu~ b8ck stra.ke 

of N17 kti;y ot the keyboard, a. contact 34,. cuntrolled b1 a. unl-.ereal lar 

on "he ke)'board. le olo18d1 and the circu.i t,; fr(h power enurce SB, tor 

operatins the t"pe PW:p-torwnrd. J1¥71e1i 16, ie ololed. '?he M:d charactar 

ou ~}1e t~pe it:! brougb1i i!lto ::pla;), the oipher-wb.eel Mflg':ltttB1 11 to 111 are 

operate4 A.."'ld 1ille ciphrlr whaela n:r.• &P.t to ~!. new position for the emipher­

Mat (or dooiphal'taent i ot 1ihe next character ot 'ihe ne••"P• 

fJ.'he enol})herl::r:w-decipherlns clrcui t• w Ul now be eat forth lD 

4etail. Let us a~~rau.-. thAt the OrnJtogr&ph 11 to eMiphar a M81BIIP• A 

ni teh control nochani£111 6!5, oarr;:iJ'If~ P BATh! a o·f 52 moYenble oontaot 

•r~bera l;'illlilRr to the four shown at 371 37', 18 and S81 , all I'R01m'te4 

on the sr;.r.\9 bn.:,:e, il!'! ee"t; "t;o "enc1pher111f!"' • This bring• can-t;act 1118ra'be1" 

:57 aga.tn!;t oont~ct 40, contact 1HBtller I?' agAinst con~.ac11 42, conta.ot 

118m'ber :'8 84;nt11·!t Crlat1tC1i 441 A.n4 COU'tact rrte: 1bKr 38' ~··ni,;;st c•.mt8.o11 48. 

Suppose key "A" on the ke;,rboard. la clepreeled. A current trom power •aurae 

46 t'lowa B-long oon.du"tors 4?, 48, through cloeed oontA.Ot 49, conductor 41, 

con'U.ct ntember S?', oontaot 42, to 51, which iF. orao of' t·;ie o11ntMte on 

the contactf' on ~be lett-end tixed diek; the current then cunt.ill1lW8 o.lung 

a SlSUC p11.th through tho clpher wheele, el'18rg:Lne n:t 521 which 1• one ot 

the oontaot• on the right-end fixed dlak, thence along conductor e:~, con­

tact "' cont~ct member 38, cond,Jctor 41, '\hrough lamp or 1n4ioa.tor''Y'' 1 

conductor 54, back to the other pole ot power source 46. Lanp or 1D-

41aator ••y" b erwrgised and the cipher equlft.lent ot "A" is "T", tor 

the particulal' ae1iUD6 ot the cipher wheele ahmrn in the figure. For 

7 
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a tUtfaren't ee'ttt~ ot the cipher wheele, depre11a1an of "A" wc.luld ;rlel4 

tome other letter. I! t,ho c.tPller ']1\leeh t:.re d1,plaaed eaoh UM kaJ .. A.' 

t .. •!e'P2"ftel!le•'• -the :-.:nt!f!9t>l'We <"{J')Mr ectU.l"Wtoleft'te will be ca.uen.ll;r d.tf'-

terent, and will 'f'Lr.;r in n oa.ple'tel7 aptJrtudio manner f'O lontr aa tM 

41Qlao8llltL~a ot -.he cipher wheels are npu:riou:r., ~:' ~?ould be ~ltc caae 

in 1'111 inTention wi t:1 R kn;; tq>e oonsi P-".~111' ot a rnndom •ctunoe ot :Baudot 

pwrtorationr.. '.~he &rra.ng8r.lent at the ke,JbOII\rcl ia B\IOh that on the Nl··•• 

ot ~ key a uni wraal 'b6r clone the oircui t tor opor.a.t1116 '\he tR.)MI 

B'teppi.DB' mechanism a.e aplatned abow, thwl cau.lug tbe parUoulv 

:Baudo'\ character '\hen at the ke7•'\a))e tra.n1111 tter to aotua'M the ttw 

-.nets 11 to liS, and thWt ee"t up a new rotato1'7 ar~~nt of tlMI 

oipher wheele 16 to 20. 

l.et u• no" re-yerea '\he operation Md decipher. In "hie oaae 

"he control devine 66 tor bri.nr 1nr -:b€! nr;;p'tio. raph to thtt rltiC ipher!JW 

aond.i'Uon is ee't eo 1u '\o bring contac-t 1111!1:1ber 3'1 ft8&inst oon-.ct 55, 

oontac'\ tttember 37' &f~ina\ C1mtac'\ 66, oon\a.ot l!l8i"llber 38 RB&1net contact 

f'1, And c'mtact nthber :5A' agn.1Jtet contact 68. '!'ha cipher wheels lb-20 

are BSBn.J'lHd to be at &lrllc'!'.ly "tl1e SRIIS ro-.atory po1!!1t1on the~· were in 

when "A'' WaPI ena1ph~red n.nd prmhced cipher ''T''• !faw clepreal ke7 ''Y" 

on the "k.e;,board. A current trnm -power anUJ'Oe " flows 11lnnt":" cmutuctora 4.7, 

59, closed contact 60 at "Y", conductor .61, oontac"t maBber aa•, contact &8, 

oonduc'\or 62, contact 44., oonduatnr 63, contact 152, thence thrcnch 'the 

a~phar wheels, 8Mrg1l¥'· at oontRO'i 61, 'ihenne alotl6' ooad:uctor eo, contact 

42, conductor 63, oontaot 6&, contact Qnber 37, comhtl'\ol' 39, 'iheD~Se 

thrll·:r.rh t7~r0\~~h ln.:1p or tndtrmto r "A", conductor• M, 5f. back 'to the otbu' 

"!'Ole or rmwer :11fntrce 46. 'l"'hue larap or indian.tor "A" 111 aotua'tecl and olphar 

"Y'' reprod;laea plain text "A" • 

8 
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'l'be reciprocal relfl.tion•htp between All t.hP. plrlin 1iext and cipher 

leUe:re is anaor11J111Bbed tn the lat18 Wf91 onlJ' tour of the 62 co~·1tact 

!'lle!:tbere •hown at ~'11 3'1' 1 38 NUl 88' are lndi~a'ted in tba drawtns, bu.t "ha7 

are '~ll mounted upoa one baM IUld are JaOYed. 1.nto tbelr anc1pher1ng or u­
ciphertn.: post tlon by the BiJtBla control 65 which JaOW• thea ae a set to 

1ih~ rlt~ht or to the lett tor encipberlag or 4eoipharing
1 

respeotiwlJ• 

All 2ti 'QJHir right-band ooD'\ante on thls IIO'fta'ble pl•'te, •lllilar to tho• 

at 40 ancl 44, are wired -t;o thP. 26 oont3.Ctl on th.- rif!'h'\-end f:lXe4 diekJ 

at 42 an4 ·•6, are wtred ~ the 16 oontaote on the lett-end fixed dlak. 

'!hi 1 arrft.Qt':8t'1~lnt tor et:t•ecu.ng reclproci t7 in .,nc1ph£r1ng aJI4 dec1pher1JW 

ot rq lnnn·uon will now be shown &Dd -.111 'be taken up 1n41Yid1all7• 

l'1ret1 let Ul &81M18 that tile ])en4U't&tl W kBJ Of Cipher Wht!8l8 

and the ke;'!' tape riiiiiLin:· the ._. tor a eeriee of 1181BftBOII• '!he ka)' tape 

~ be s'\,r'\ed a~ the 111.\Ma 1n1U"l point fur all IL'l8811Afr88 or at different 

initiAl point• tor 41fteren' mee•ase•• Ae~ th& former oaea, d!Yereit,r 

of aipher rewl-4;·Rntr, for idan'Ucal Pl"ln-text •••" •• _, be 'brought about 

b,y dlftftrent ini 'Un.l rotatoq pol!tltl~n• ot ihe tt w aipher wheel•• Por a­

aaple, n. raea~aga 'beglnrllDS "Prooee4 at once" , enoipbered with the 1n1 tlal. 

rotatory ~•1 "lh1te", will 7ield a clifferent cipher test tra. t~t an­

oiphare4 wi'h tbe 1nl~1al rotatory key ''Write" • !bu•• a1nca tilare are 

a~1lable1 with a ~of fl18 oipbe wheel•• so5 different 1D1,1al ro­

tator)' n~•· the pownt1aliU•• of the CJ7P'l0frl'&pb lD thl• reepeot are 

ap-parent. 

·' 
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·;;;>u aseuz119 that ,.:!lt< ke~ ~"pe iiJ in "\he tom ot a. con~111U011S ring rtnd 

caza be stArted A.t different initial point a. A J~ORFt;, -f: enciphered with "the 

8&JI8 1n1 til\1 rotatory lee:- can be enclplwred in ae n~ dlttol'ant foJ'Illl &8 

there rt.r., ch ... r!'\otere on the ke;.: tRP'II 1t it 1P. 1() 111 000 unite in lerlgth, 

10,000 wreione of the same m"seft8'8 can be 'Produced by starUng each .,. ... 

81168 at a ditr~~rtmt 1n1 t:tal point on the '\ape. 

l1i goee •1 tbout e~ing that 'bJ" using JUPnY ditterent tapee, and aha!W­

lDS "the pe:rnsu ta 1ii.,. ke~ ot the c tpher wheel a on the llhRtt, 'the ceyptograpb 

will afford "" almoat 11m1 Uae 41 Dre1 'Q" ot aeyptogm.Jlhia reaul ta. 

All t;:e "!'oregoill#; mrl,~tions nr'~ €mtirel:.- n.periodia in c1~n.rncter, 80 

that no c~cl1a ~namena such &@ are u~ed in the analyeia of the USQ&l tJP&~ 

ot automa:Ua cr~tographe art' &'ta.11Abla for aolvt~ 1'!l" ••ace• produaed b7 

the cr;~pto1,-nph ot my inverrti on. 

:-'lg. 2 JS;mwa two t~lPO-trnnll!,l 't'!';ere, f. '"t.!ld r;•, join'tl7 controll il'lf( t:he 

JAllot!nets 11 t<~ lf, \'I,J.ich B.re id(W'ti~~~l w.i.th d~'lilnrl1 daairnnt.ed ;:lft6118t8 ot 

Pig. 1. In this arranr,el-aent twr) different o1phar-key tnpoe in the fora or 

oontlnu~1e rt~:~ ftO~ern the o~er~~ion or the tR~ tran~lttor~. T.be '-pe 

pa811•lB throw:h traniiDlUter !S brings the aet of con·,ao• 1'11811lbftra 6, 7, 8, 9, 

and 10 st;t'inst bua bar 66 or bus "oRr 67 in r~ 'Pc = rr.,;, ';a t1 YO l!IRilner a 1irdlarl7 • 

the "t11.pe pasa1:ng "throu«h trM8111 tter 6' brlns• the •et ot contR.ot membara 

6', 71 , 81 , 9 1
1 Rnd 101 a,~{nP.t bue bar 661 Or ffilP bar 671 in~ permatati,. 

manr..er. ':"'hti cirnui te are F'.&eh ·qmt onl;· ltn+~n homolQ.l'ml~ cow.a.ct ~~~r.nber• are 

in contflct wi t.h oppol!!i te 1Jilf" barB wUl i!tlrr .. nt flo•:: !'!"om power aource :1! 

thro·~ the MftRJ·urt controllt~d 'b7 '\hh pair or hOlllolOfrCN.B contact raembera. 

The tape etepp1J16 llRCJ"lete 36 r1.nd 3· .. • n.re c:ontr~Jlled by a oot:tnct opHn.ted 

bJ the uniTer8nl bar of the keyboard. 

-lo-
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tranf'lMitt~r:' :!.~ to p1·ov~de o. ver;·' lohg res11ltnnt, or second.nry cipher 

key by the interaction of two relatively short, primary kete• !"or 

example, IIU.Pl'OH a circular -.ape containing 1000 che.ractar!l !a patHJed 

chnractars is passed th:·ollf,'b tape trflllBnitter 5'. It the two tapee are 

• · arted at given in.i t1a.l pointe m1d a.re rnoVHd forwurd synchronously b7 

single P.lt~;pe, then theRe aNne initial points will not again present thela• 

eel -.ee vbdl taneouely to the contact pint until a totnl of 999 1 000 &tapa 

have been mnde. Thu.e, two key tapes or 1000 and 999 ohn:rac · era produce 

three tapee 1001, 1000, nnd 999 charootera in laz~h will T,rodlwe by inter-

action a resultant ke;· o! 999,9991 000 cha.r~owrs. r·ig. 3 shows how tluoee 

cipher-key tape tranllfllitters wot~ld '00 intorcol'll'lectad to brine thh nbout. 
13' 

'!'ranemittere 5 and 5' interact to control rel&.18 11', 12',/14', Md 15'. 

be &!'!"'f\turee &", 7", 8'', 9'', l'l.nd 10", ot the 1•"1-Mr r&la:ve act in the same 

manner &5 do the contl-l.Ct members 6 to 10 tUld 6' to 10' of the t"pe trme-

'1'he intar~nti.~n of the nl"nn!lotu,rea 6" to 

control& the o'J')ern ':;on of nn,•1wts 11 to lf., which aerw the rlu\ct.ion in• 

f!ll\6'llOt" 36., 3t)' nnd 36 •• are all in the B811la Oil"Cui t controlled by the uni-

.,era'\l 1>n.r of tha keyboard, eo th~t all three t~e• A.re nao'fud e;vnchronouel7• 

11 
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21~· an extension of th11 -.nner. ot 1nte:rconnect in(:" ta:pe tranaul ttezoa 

and rela.:;e, it 1e poaaible to haYe a •t of four, five, or ,,ore tapa tran.e­

mittera all interacting to control oollecUveq ···he rmgnnta or the ei])hel"­

wheel ltePPin« mecbaniama. 

It 11 one of the notable te,.turel or :n:J 1nwntion that whiln er~plo)'­

inc A.ll the p~l'I!IU.tft.tlona of the Ba.u4ot code, Z2 in m.lMbar, as ke)'i:ng charac­

tera, t!11! f bv·.l cryyrtot•r.l'..n i. ~ c!Or'l!lO!~ett of' uul;: the ueunl 26 lett,fira ot the 

ord tw~r~ !llTJhn.i:'let. '·~he l!ix ext:rs !?EU'!7N."t,~tions ( <:iloee other than tl1e one a 

re-pre~en'\1r~g the 2c', lett••re of' the alphabet , , whtch, in 11ye+.ana ueins the 

Jaud.ot code ae " bA!!le tor a cipher kay, .cemee mnoh diffic,1l tr, oi ther 1n 

their elimiNLtion by r.,ttomlltW JMAnBJ or i.f the la.ttttr 11 not poaeible, in 

their representRUon in w-ri·hen chAraotera ~u."Ybg s'\tt.:m!t;rd equivalents ln 

the JlorRtt code, bn.w iloen automa.Uc"'-11,- el1m1JV.•.ted tron the al"ypto(~rta, 

11nee all the JAud.ot permLt~ ttnne b.t\Ye 'bl~e::'l excluded. troa direot i.Jl-.eraotton 

With 11he r.1881J"ft8 OJJa:r.-"C"tera in ntf •.; I!'"'•• 
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