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An lm'PQrtant. obJect or t.h*" ln't'e·Uon le to 'PJ·oylde -

Uld ueaf11l 1-nprowraaat• 111 elpher •ohlJJ.el or orn»tosnpblo •ahaa-

•••liP la7 what 11 aa.acm17 lalowa. aa a proceae of aubl!ltltutloa.. the 

of .abe,1tat1oD .. , be ••ta.atlcall7 re98rae4 Ia deolpber~ euah .. 

eaalpherad •••••• tbu reoowrl .. tba orlglaal plala-l&JtBIIILP •• ._ • 

.Ia the CI'Jp'togra,,hia mechi!Lillem• referred t.o there 11 u~n~a.117 

prowldet a keJboa~ of the ~JP8Writer tJpe, whlcb coa~rola a aet of 

•Stohe• oorreQoiUlilll' to ••HP aharaotera 1 ud a 18t ot •Jpal~Jw 

4891•• wJalela •'I ooaald at a ltaak or cl• leap• or ..... ,. to la410ate 

the ....... charactere reealtlng traa operation of the te,~ar4. !he 

eet or awltohe• ot tbe keJboard aad the 1 t of lllftallag or lDdlcatl-. 

tewloe• an ooDneo'\•ul to eac'h otber eleatrloall;:r b7 olraulte an4 appa~ 

~-.. .... 

lfbe OI"J'Pto~aphlo prlDOiPll or euoh orJPtor:n•pblc MOiaaal-•. 
~ 

WlllDia Wl11 MHlaaf,er 'lie tanaa4 8l'll'Pll OI'JPtlltrl'&pbe• 11 ltaad OD the 88-

U.lllleiiMilt Of & pluralltJ Of eleotrlcal Oll'ftlte 01' vathe lletweea tlla 

••J.a1 tJpe acnr well Jnamra tn tbe art. 'l'be• OOIIIIIltatore an ooan:rwatel 

la the tom of flat 41*• bearl.ng an ua'alar 18\ of' oontaata on eull r~ • 
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1ad1T14ul oonbctr ot one taoe beiq coaneoted v lanl&wd ooll4110ter• 

paaalq tJaroup the ti•k ~ 11Ul1'tid:u1 ooataot• of the other hoe la aa 

&I'Mtnq .at~· Ia tile llte~tve of OJ'1PtQP'aplv lniU o..-u.tatOI'a 

are oalle& " olpher wbeel• • • " ood1118 e7li.._. " • uul tbe lib ; 

-~. tor purpo••• of peater o1arU7 1a 4ewr1p\1n tbe1 will llere1aat\er 

be reterre4 to •• " nb•U tu1i1on ca.autatore. " In a etn«l• erJPtO&'r&p]a 

there •7 'M ••.,•ral nota o-.tatore Ju"a,._. oa a coaaoa aatt. 'fbu• 

w)Ma aore than oa.e aub8tUv.itea oo.•ta1ior 1• uaed. tbe oipher leUer o'

talne4 ~· clepnaaiJW a ke7 of ilae ke7'boal'd 1• the renl t of the paa .... 

ot an electrical current al•ng a co~le% patb set up thro~~ all the 

Just~~oeed .ub•t1tutt~a o~ta~ore. this J&'h '-1~ oa.poted of as ~ 

tbere is het·e n crnt~""Phic effect which 1• 41a1iL"'1Gtly a. caaoade effect 

ot areat complex1t7• 

Cr1ptograph• ot the foregol• 4eaU"1pt1on aa.y 'be 41Y14el 

tato two oategorl••· Into o• oatecor1 •:r 1MI plaee4 sll n~ 

ba•t.l one or more .. ,.t1tatioa c-..ut-~or• ro\ata)l7 aoaat•d an a ahatt 

co.-act•, the l&tter bel~ to d1Ppo•ed •• to ooinotde esaetl~ with the 

...... ,, oa ~he tacea of t.Jae eu'bati tution co-t a tore. In crntogra.pJa• 

talltar into th1a c&t8!0r.J the ke~lar awitabea ot the manu&ll1 operated 

k~'Mart are cann .. ,e4 to \M oont&c\• of OM of '\be end platee, while 

... ber1 ot the ..,. et lDilea-tins deY!~• aft oeneoted to the onntact• 

opRator to iat81'0Jwtp tbe eo~U~eot1oa• ... ....._the two eDil plate•• tllie 

k:K of 1Ddicat1DB a..-.lae• ani tlll k~ltout. •ttohe• eo •• to p!Orl4.e for 

eelpherllll' aDd 4eoipller1JW equl'Mleao7. 

\/ 
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IJW • •lalcl~ eDil plate or the t,JPe 4 ... rl'Md. t'lllll' latter oontaota are. 

laowawr1 oollJleetec to tn _,_'tile •••••r• ot a Ht of •lDCl• pele. 4cnl'ble 

\Ia ... nito••· U• -•r or •1 too• belllf" tiM ._. • E' 'Che .._ber or 

" rewr•l:as o~a.tar " • rr, • ~OM of tbe reftr8ing o~atu la 

plate to eonae otn.r ooa,aet oil tbt .... eac tt1ate1 the nrN~tt Vnw 
/ 

•-• late Ghe nwrdJIC' plato Yla ODO oonapllHt_. 1N'th throup 1M 

•--*•tor• aiUl rutvaw to the ead plate alODB aaotblr patll through tM 

a~tator•• ~~ la thie aategor1 of ar,pter,raph• enc1pher1~eo1~ 

orilf8 .. v.l•aleneJ 11 effected 'Without the u.• of a rewer•iac 8W1'\o• 

la batb catqorle 1 of er7ptogra:pJl• it 11 uBUal to pi'O'tl ... 

M&ne tor &apl&rQ 4lepllataa or I'Ota:UIIB ttle e~'b.tore. tJ:ae rea.

for whtca wiU be or1•t11 4lMn.eNcl. It. 1a or,ptoeraplle utUI•i• 

11\l-•tUu.Uoa • ._,aton ot tM t7pe ta•rtltft. ao proYhl• l• .... 

tor t,beir Mgalar clil}:)lae._at du.rllll' ibe oeur• of enol.-.-~ a 

plata-text ••••acet the re.u~•sns olpher test wlll " mo ... lpba'-tle 

,/' 
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1-n ctb~racwr J t~"tt 1•• onl3 one n.bnitutloa alpba'be't w1U haw 'Ma 

uaed tn 'he aut1re enciphemezit.. x~ is well....Uown tl\at nch ..._ 

&lpbabetio crJptoar-aa otter little r•ai,tance to ~~ypt~r.&l1•1•, and. 

1n nr~•x •o·t~c-aaee tbe or,ptosrapb1o aaoNritJ ~~such cr,ptQB~•, 

taotor• o\l'lal" tball Mra c..,. ot alSCDMD\ ot t)le aultetltutiaa 0011-, 

~ 

'\oton •Yeral '\118• of ot,.._r .-cb1JI.ell bllYa lleen Snwnted 1D wbtcb o• 

.or .ore ot the au\et1tut1oa eo.autator• are ro\atad •tap b7 2tep wt~ 

the el'lClphamtmt o~ dectphet'IHBt of •ach latur,. nt In a. re£Ular •4/ or 

M$ar-like •zmer. - lull olplaer IIMiha.a WJroYlll• a eaa.lfidaraltle laa!'aNII - ' -
1n cr)ptographi~ aecurltJ f tbftt 11, reals~Race to cr)ptaual1ale) o.-r 

tboea cipher ra..~t.cM.Dia lD wbiob no &l'JC1llM' 4111J)lacentent ot the n.llati'\'11-

1ad.ecrnta.'bil1 t,J tor or)p1ograrna produceO. \y their uee. !bl• 11 beoaUM 

the lst1,~e or ~ria~ili\~ offered b' tbe subetitutlaa co.mu1ater dl•-

-
oonttJ>UC'le4 tro•:t a 11.ode1 o~ the ,oipber aaohllMh 

U 11 rm oltJH"t ur tnitt l.n981t1oa to l'J'DYide .a ••• ot 

etreo'\iJ!rC 'the &D«'llar d1epla.cemen or roW.UOJl ot thl euan1 nuoa •--

.atator• la .. lr~alar. oo.pletelJ •per1o41o •anaer, there~ -~~ 
I 

1ncreaeing the NI11,UC8 \0 cr:,-p'lu&1Ja1• of Or)-ptocrau enoiplMnd. lr.J 

CrJPtograJ11la of "tile .,,_ uecl' 1 'bed.. 
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' 
•• •• antrol c,_.ta.ter• " • sewral apeo1t1o ••~1Matw or tile uwte 
' 

, 'lnftllt.lOD will be 4eiOJ'I'-4. At t•te JOlat 1t wUl Ml'elJ be _,1~ 
'' ' 

'hat '\he oontnl e._..tatora •7 rona •• lr&Upellleftt '\Uilt ~leal17 

..,_..,. rna tM •'b•tUli'Uoa ._. .. , ... kt eleetr1oal}7 &a800l&te4 
( 

w.ttla tlll latter ; lt 1• poalible, bweftr, to lll&ke one and. the •- •• 

.ctf o'1'-u.tore MJ'ft both aa control c--tatora ..a eu-.ti\uti•--
' ' ' 
'ia.¥••• \bare 91118 pt'O't'14ed a.s•oolaW MUll tteaitmed to kee• the cea. 
1 , r 
I ' 

tifttl f'mMIUOIUII 8l1Ctrtoall;r M'P&I"&te h'• \be IUlaett'\utloll ra.et l.aa. 
I, 1 ,'; 

/ /"" 
/ / '!'he ••wral different •bo42aent• of "Ute lnftntloa ani the I 1~· 

/ , .,.... d' OlMII"&'t lcm ot tbe .rlous fet'IU are esplalaed ta tble apee1tlaa-

j ~lin tn detail .,.rnoS.•t t.o2" eOMpreJaeadon 'iJ tbOM *lllel ta the a.n. 
- ' I ' 

/ lCii; -..p\anaUoa i• .... ln OHDect 1• •1 th the u...-117UW tn.l_, 
/ I• ...:; 

Pi«• 1 t• a scbe-.Uc cUagram ot Olll e1~le ea'bodi~Ma\ Ill 

/ which there 1• lhon a tlr&t • t ot o.,..tiJ.tore for pertoza1zw n.ntl-

I I 
tution tunotiou &Btl a •o011d eet ot • ..., .. , 41tf'eren'\l:,o conatnete& 

', eounut~ tors tor ,_tond.IIC ooa\rol tuaa·Une. ~-- wl a ~M aeeoelateo 
I 

,· {\ eircuita and eOiltao"te to~ pro,.r ope:re.ttoD ot the erntetrflp)l 1 
/ J 

•~«· I 111 a 1obenat ic 4lacn• or ,. ••t or ac d •••...._ 
. 

I •1•• 11u1gne4 tor pertDI'II.l .. ocuat~ol hlaetloae lhlt in 'Jd• •- tlltlll' · 
• !~iJ 

~ 

fJ~ .. i 

J 
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' 

6 
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•tngle Nt of double-ring CODII1ltators of nowel ftOnll'\incUoa p•ton. 

Wt«. fr •howa a per~~NeUw •ln of oae of th•• 4ouble-rlas 

oo.u'\is. '\iora J 

sat of double-rtng eom.utatora ie arr~4 wltb ae.ocl~ted BWltoh~ 

•ehnl• eo fir to pertor• both funcUoaa of nltatltutioa 11\Dd control, 
-

without the \u•• a:r 14 re"fer&lng co.~rn~.tAtor 1 

•18· 1 le • tob--.tlo 4laaraa of a ..S.lflcsatloa of the to .. 

Refer• ing nmr IIJ)ealficallJ to PSB. 1, elOMftta 4e•!pa11e4 -

the auabera 1 to 4, 1nclus1Ya, are sub•titutiaa o .... t~'\iora of t~ 

als'' contllr.'\a on eaoll taoe, tlW contact• on one face 'M1DB OOJIIdOtel 

1~ar11 to the contRote OR the ot,er taoe. C~ta~or & 1• alao 

& nlta\ltut iOn COIItliUt&tor, llut diften fi'OII the othera ta '\~sat ODJ.7 

ou lllOe ot the co-t'ltor lMiara a ri.JI« ot ooatMte, 'he lattll' eoataete 

' 
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baing 1otercona~cted trreFQlar11 ln pairs. A curren' ante 1r4 one 

contact of' the '1¥1• ria.r ot eontacrh la ••rel)o curled alcuw • 1a

nla~e4 Oonducior to •OM other ooatact. "'- wlal.oJa 1t -rp• tn. 

the eo.aatator. Ia other word• the eurraat eatere the com.atato~ 

•t one o~ntrct and leawe• lt at another, OD the Ba.e fAce ot thP 

oo.ahtar. 'l'laie la a •-tator or the V.. nte~ to R.boWI u a 

reYeratng oommatAtor. C~tator~ '• ' aad e are coatrol ao..atator• 

at wbich 7 and I are eJIIllar 1A 'Pl'1DOlple to nbntt1tt1oa a-te

tore 1 to 4, except that '11•7 ha91 oal) •tx ooataet8 taatea4 ot twen~ 

a1z in a rfR« on eaoh fuel oa..attttor 6 11 a 1"4t•rathiC' 0,_tatw 

and i.e aiatbr iJJ prllMHple to nwrebrg o~tator r:. except tla&t tt 

bae onlJ alx aoatact1 la•tead ot tweat,-stz. 

20 uoon w·i~~ the' ma1 ~independently ~larl7 41Jplaoed ate~i .. 

l/26 of ~ ~~•olu•i~ between fixed end plate 301 ~•d ~eAring plate 

302, '\1\e latter aer'Win& •r•l1 •• a r~\alaiDC plata and hA•lJC ao eoa

taata or c 1mdu.ctora •tthlJl 1 t. 'The co.atatoP• are Hpan.t .. lrJ' 11&'1111 

'Plates 30fp ;506. :S07. aDd 301 which bear rl- ot twe~oty-aiz eont&c'• 

wa1ta~l1 41apo .. 4 tor brl4p1ne between euece•et.a e~ator•, ta •rde~ 
I 

\ 
\. 

t--ot. ~· control cOMUt"tora .. re 1110\Ulted U'POI\ th• ~'"''" eOMGn aJiaft flO , 
I 1 

' upon W"llch they ••. ,. Uknise ... 886'1l&rJ.1 dhplaced etepwt• l/6 or • ~ 
\ 

2'8ftl'•tioa, betwe~n tued an4 plate 3~ ud 'bear1nt" plate :S0'3p t.._ \ 
\ 

latter ••rYlf~ m~r•~ ae a r.talnt.B plate. laaarnle :ot Aal 3lO .. ._ ', 
' 

l«Bt!ote •l*r'l tore alall!i't in conrtruction And runcUon to Mptt1'a'\o'l'8 \ 

• J 
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-..... 

aotloa of the tlu'ee control o0111mtatora ie aawr-liu. c01111111tator 8 

.. :ta en belag .OYed ~ft\ of a reYolution tor esch character/ciphered, ~ 

.uta•or' 'r beiDB aoTed 1/i at a rewluUon pe-= eaaplete revolut10il 

o1 commu\ator e. and c~tator 6 beins aoYed l/6 of a reYtlution per 

complete reYolu'Uon o! c;om.ft.tF tor 7. '.this set of thref! co-b. tore hae \ 

a ca.plete period (retur. to an initial poritioa) of 2li ; that 11• 

after 2i6 ehftracten hlt:t'e beea encipllend. or U.iplaere& 1:he oo.m.taton 

retur.a t6 ~heir 1ait1al relftt1Y8 rot•tor~ poaitiOBI• ~~ aeana for 

ao'lb"C theae o~tatorft will l»e desertbe4 1>resen:Uy. 'rbe nlla8rala 

9, 10, 11, 12, ~nd 1~ designate mn~~at~. here te~d sub~tttution-

c..._tator aeleotor sapetn. which when en~rshed, datel'JA1ne whi<~b ot 

either b~ acting dir@ctly on t1e ca.mat&tore or by releas~ ~ actwat-

lRmpa or •~eneta for operatirt« a priaUc aeahtla1-. auoll indioatias 

de'Ylcee being well kaowa in the an. 18eh 1nUcsatSJJ« deT1ce oerrespon4• 

to a le'\ter at the hclish al'Pha-a.t. •-rala 18 uu\ 19 4eaJ.p&te twa 

- ot a !&t of twenty-liZ atnsle-pola. clouble-tltrow nltoh le'fera operate~ 

b~ tne kP.ys of a typewriter k&)ooard. -he ke1board tP sl1o proTlde4witb 
' 

' 

a un19ertal ~r 4&, which aoatrole .. itch leYar 17• the tuaationa of wbl~ 

w 11 be deecrtoad later, sad 1t also caa\rol• .. itch le.er 117 aa4 ooatact 

45. ~llLCb control a~t Zl. the l~tter aerYtQC to 41aplaoe-oa..ata\or I 

01l8 at., J&r depreaaioa of lll1 t:q ot tJae b7~• "bea ea.n.ia,or I 

9 

-.,.. -
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-.tel a oca:plete re•olai-. lt o1o•• ocmtac'\ U wbloJa eoa\1'0111 

....-t '=• the latta~ eer~i~ to di1~1aee ea..at~'or 7 or.e e~ap 

per I d•pl1!ealo 1.• of 071 • the keyboar4. Wbea COIIBUt.•+.or f 

·~"k•• ,. ccn'Dlete re~lll tloa 1\ alo•• ooatae~ M whlalt omtnla ....... 

~. th• l&t.'•r •erdnff to d.1wpla4"e o..autA1ior 6 onu utep nN tweAtJ'-•1s 

deore .. lonP- or \he k•J• ot the lceJ-boal'd. Coatact1 Sl I!Uld ~ an operat-

ed b,;y roller• on •prinE: lner•• fteH roll•r• 110.,...111 rtcle 1IJOil tM 

pcr1Pberiel of OGNaatatore f ~ 81 ~ut a\ a .. rtalft point. on each e~te\or 

t~ere 1• ft trans,er.. •lot ~hlcb allawe ~ roller to drop 8Utflel~'~ 

to close ti'Je contact oonc•rnecl• or GOU'•• tJwt• three o~:tat-. 

could be d leT>laa.ct MO .,.ntca111• 1V ••• et fttchetl eat PAI'll 11114 

direct control from tbe 'llJilYeref\1 'blllr ot tJw k8JlMtard. ~o \he rip' 

1n rt;;. 1 1.s IIJiown ar: end .U. ele-.at1e ef lbet end "PlAte 1~ wble• 

adjo1ne control ea.mat~tor 8 on the exit faoe ol \~~ ~tater. Yba 

whole linea ft)UM the ooaihaotora ler..cttac •Al tftll \lie alz ooa'-ot• • U. 

~1gb\ e\de or \be end plate~; the 4otta4 line• llhow 'lw oondaeton 

leading t~fll the lett elde et end plate 106 Jato ean sa\llt• a. 

11&•1118' aow partlcnalar .. ,.,.... to !'lr. 1. •l \b a •f'l• 

to «1Y1111' a GIIIIJIIla\e dtt.o.rlpUon ot t:be aott• ot thl• ton~ or the 1aYe

ttoa. the .. ...- ot e'Mtl'h whleh \l'IIAIIP1N 4url:nc the enelplleneat ot 

'h• plata-'-' 18\tel'a •111 be nlate4 la &etaU. lD ortier to _t,...r 

a ••118«8• It te -e••l'l tlrs\ to.,., '" --.atntora ..,_ tlle .._,. 

aeeoralns to ••• pna~r....,_4 order. 1\ bet~ obYloua tb-* ._uhtore 

10 

/ 
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1, 2., 31 an4 4r ._, be lnt~rcbansed in )IOdtloa u.ong tl:el"leel••• aa4 

e~1utatore 7 and I rtllt'l lte ta·el'Ch-..4& .,_t,tor• 5 an4 6 IIWit 

and cannot "!le replacecl bJ the other oa.ntll.ton or ltJ each other. 

Nest 1t ie neceal&r1 to &lli'D the H'ftral co-\ft tol"'l1 a a regt~J'tla 

'\hatr rel11ttn rotato17 po•ltlou upoa the abaft, ucoi'41Dg to a pn

AI'J'MBad key. After all thla baa bea acc-»ltah .. , uta power •t tell 

S6 ia clotted, •ttiJW up a olrcuU aa toll•• 1 rn. •tte17 16 to elo..C 

nitch 361 conductor fl 1 cont .. c'\ laYer 171 olo ... caataat 21. ocmcl'•t• 

the control ac.satator un1 t 'fl& the route thi'D'US~~ I, 310, 71 3ot, 

6, 309, v • :~uo, 1 aa 1acliaM.te4 to contan 28., ,._. aJ.-s oaa4•~ 

38 to eeleator -.net 10, cond110tor 43 and. lluk to llatte17 16. Wbea ~ 

10 ta .-nt-.rlJ.l eaergiu4 lt eau••• l!'ubatltutlon c.-utt.\or 4. to 'be 

4hplPLae4 ft118111arlJ through l./16tla ot a rewlutlOB. !he .abi.De 1a DOir 

reacts tol" enolpbazolJC• It the letter : la to be ene1phen4 1 tile 1111J 

carr s")olldlng thereto ltt depreaHtl. At the befrlllnlltl' of 1\• .__.r4 
tl'ILwl the 11lllYereB.l bar ,... oau•• eoataot lew~ 17 te •• __,. tr• 

corr'~'ct 21. 'rbe te,J b&r A cqeee oonhct leww 11 to break contaot. at 

bat"el") 16 alone oollCl.t.r P.J to cloMtl oontl\.ot 22, ocmte.t 1...., If -

conductor I& to a contact 29 ln Pn4 plate 301. thenae lato ~ltat~ 

comut~.tOl" 1. thr~-h the cor:umat"'Ltore Md Mnu tore 1, !\0~1 2. 106, a_ IIOY. 

4, z~ tn.to ft."lct o-.. t or rewr•lac e-.u.tor !, 'bo~alt ~roach eepa.r:~~tor• &Ill 

11 

----------- ~~-- !t.. - .... 

.., 

' ' 

./ 
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retura •lone coftll11Gtcr .26 '\o contact lewr 11, rontact t?, tbence to 

tr.dicnting daytca 14, which in this dra.ing oorreepo.ada to tbe l•tter 

q,. cond.ua.1ior 41, and "ot "to bat \.ery 16. J" t~ Qnd ot 'lha 4o.,.ar4 

and cloaee cont~ct 4e, ~ntar117 clottur ~he oi~cuit tor ene~islng 

aeg?aet 31. !r:bie cau•• cDctrol cDJII!Id,tator 8 to be M@'Ul$.rl1 lteplaoe4 

throurh 1/6 of a reYolutloa. When to, A ie releRae~. •he uni~e&l -.r 

•1 tch a. leTer 17 • eoatact 21. oon4actor 26 to ecrrrhct 27 ot flze4 eat 

pla.ta 804. Due 'o \be •acul• 418)'l&e81118nt of eoa,I'Ol c_t,·\or I tba 

our~ will naw tr&Yer .. a ... p&th tbro~h \be ooatrol att and }aok ~ 

eoee other contact or ead plate 30& troa whence lt ,.. ... tb~oU«h ea. ot 

&rn.D£•4 uc1. a.ttgne4 at tbe llezacb •n aeeor4lnc to tbe p'l"e&ft'.,.... kq 

all« nttoh S6 1a eloM4, wllereapoa n\etltli:Uaa c-..ta'\or • ie -..1&1'17 

41eplace4 a• here1nltelore 4ell0r1be4. 'lhe Jte,. corretiPOBll~ to ~he ctpber 

letter Q ie ap~a...s, u1olt oaueea eDil'MOt leftr 11 'o 'b.reM eoatan 

12 
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at 4.7 r.nd 10 •ke conttLOt at 42 c"uai.ng cniZ'HII' to flw r:roa lattet:7 

16 \hro-arb ccmduc\or ~;.. eleMcl coatacl 42• eoa'tact lewr 11 UMl 

conductor 26 t.o con.t.act 30 on end plate :SOl or the eubatltutiOD 

OO!I!!ftltator unu. 'l'he eurrent P"••• lato ana "t'hrOUfph the latter &lOftS 

one :P• th ar-c! retumP 11lont: anotbel' oath •• 4a"rUae4 befon J l t -•• 

at eont'1.ct 29 on en.d. plate 301 tH d flo• alone collductor M 'to con1iaet 

1&"181' 18. eloeed. oonuct 46, to lndtc•at~ 4e•t• 1e, whloh oorMt.,..SI 

to t;,e lettttr A. 'Ibe 'Qillnraal bAr 44., operatecl - tbe 4epresot1011 or U. 

teJ eorreepondinf' to t~ letter ~ olo• • ooatan U at the eD4 or 1'• 

dmrnwanl tl'f -.el •4 oauee aoetrol oo.autr-tor 8 to acheaee. .,._ '\he 

k87 eorreepon4lag to tbe letter Q b released, tbe 11BiYeres.l liN' " 

retuna to 1te 110:raal podtlon. C"1Le1nt' contqt le•r 17 w reeata'blie'b 

eontaot at 21 tJaeregpoD eaullrlf!:' a nhetltutloa oc.aat .. tor to •• to'I'W&I'4. 

•• cleacrl be4. 

Ia r~. 1 tbe coa\rol oo..atator• were pro-.tded wltb riDSW ot but 

•lz oontnct surtaoe• oa eaob tP..ae. ••rea• \he alle,Uu'\1oa o~'•'or• 

were pro•tded wttb rlnga ot twenty-alz oont~i ~rtaoee. Yh~re ie, ho.e9er. 

aa reaPoD •b1 tbe nb1U 'uUon '-r.u1 tba ooatrol ._t ... ton 8boul4 aot be 

14ent1c~l '" tb1e ~rd, thU• pro•td1nc tor their lr.tero~nsea'ilt~ and 

,reatl7 iaere•~~ the ke3l~ poue1~1lltl•• ot tbe ar,ptoswapa. 

In :11g. ~ \..t eh.nm ~.uw t~ a hoiDOlC)f"o-...o •l•ezat• rd 

•tt· 1 .aJ be .odlt1e4 to acc~l1eh th1e etteot. ln4 ~late =01 ..a --. 
oo..t~t'ltora 6, Y, 1 now ltear rlnge or twe\~lS eODtute 1n•tea& ..= 

l:S 
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rtara of oAlJ aix oontaete. Oontact !7 r~1~1nr a alugle cont&et for 

tbe entrance of the current tato the control oa..atatora leaY1QC 

tMatJ-fl'Wa ooatact.s Oll ellll plata SO'- fO'I' the -rc•no• of the ourl'ell\ 

troa the eoatrol eaa~tatore. The.. twenty-tlwe ooatacta ar. thla 

Je1M4 la tlw H1ia ot flw eoataota aaoll, to tile rtw coa&uetora 

31. ze. "· 40 and f.l. 0\:ber ~lnge ln re.,.o, to the .. lien 

Ptr d identl \iee ot contacts oonet it'~ bl{~ eacb or the f1. ,.. groupe _,-

lt preferable, or thir •7 lte n.b,Ject to ftrlattoa. uoor41D« to a t•7• 

ke71~ l~re- which will aot '-11• to rep~at ~11 control ca..atatow 

I hae mAde a c~~lete re~l•t1on, or after 26 z II a II : 17,676 

ot axaotlJ 17,~?6 letter• or plaiD-test. Due to the lrregalar ..aaar 

ln wb-.ob the tnterDRl coaneetlone or tbe control o.,_tatora are ..... 

the .ubatltuttoa ca.mutatora will be oaul8d to ro·ftte ~hr...- ....-.1 

anglea, 10 that wben the ..... 010le ol tbe aontrol en aiatol' -'' 

11 ..... the aligaet •f the nbatlft.\S.oa o~taton will 41tfel' rr. 
lt• 1ait1al &11giiii8Jlt. b a eoDaet~vnae of thia an &11cnM11t of tM 

.u-.tltuttoa eommmt~tora ~ perlod of tbe aeq ..... ot .. leottoa et 

n\eUhtlon al}Wa'bet• will 1te «Hater tllaa. 17,1fl 1lf' •- altltala 

ot tat -'ber. depea4tag 11poa the wtrlac ot the thi'M ooatnl e-'a'-11 

e.nd. tile --.er ln wht.cb. 't!ae c•U.Ota of •Jld. plate SO& are o-.'H4 te 

,. •leo\or ...-u. 'l'ble .... unt1oa JMII'1od le therefore - or .... 

lf. 

J 

, 
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.Plpre I. Yr• a OI'.J.'tOSrapie a\r..nQoiat tile .. Matlal tlthr_.. 

...... thb tom aa4 the tirn cleserl bid rona 11•• ln tb• v.t1llsat1• 

or & 81~14 co..-tator untt, whlch ••rw~• botb •• a ~~tltuttoa ·~taw 

bJ tncl.-pentc-nt, c011Cutr1o l".iJIIC8 ot ooatacta '-'I'M • the .- ._,..._. .. 

la 'fie• 4. 1ht.re 1s eho• a aide •te• ot oae RID1I ._.tator. la tJale 

figure \hera h or ef..("b tao~~ t>f tb.e c08Zla.tato• aa outer riC of __..7-

da equd ltrtar.r\ eon tact a, ot it :bleb, for the •*• ot olul t7, oal7 alZ 

1nd1oate4 _, a..-ral 41 ~ •hosn. ~rd a coacentrlc lnaer ~t-« al.e of 

twent,-•t.s equ16 ~ s't~t.nt ooataota or wh1eh anlJ •lz iD41tJ~t tet • llMiraJ. 

"' an ..... 11ha oontaot• " ot tha outer rae Oil .,. faoe an ll"ftll'l}ar~ 

cOAMot•4 b;l iasula~ed aoaa·~tura f.O tn the oontaota ).411 of the ou.t• r111e 

an lrnplarlJ oOIIlMateA 1t1 baRJ.ated. ooll4uatora leG to the Mfttuta lolt 

ot tbe 1rmer rtag on t~• et!wr f,.,a. ot the (·-a'\ol>. '1M \wo r~ 

aN tbereton Mtlnl,J 1....,....., ot eaeh other• \Jacnrp , .. ,. are Ntis 

eunecl on tbfl •~ o--.t•tor. CCH~~~~~~ta\ore of \hb ,,.,. will he•S..•fter 

~~ 

~· ' .- . 
l:Jl, 112. 1,1~. 10& nlUJ 101 4••1,--t• 4cM1'-'~llll' eoaa.trt~or• __ ._. 

OJl a 0011110& Matt m ........ t ... lV .. pafttOI"e •• 2106. 307 ....... . 

••• 11111 t>Z'O'Illled to eau•• the ODIIIm\t" tor• to be o1o..11 Jn•_. ....... -

11 
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tl1ta &'!tpfLl'F tor• eo '\hat po•Ui'le eleatr1c~ ••\Ut ~ be •4• ••-• 

adJoilll~ comutl\.tora ~~ond •PAMtors and lMnnea a-ta.\ol' 101 aa4 

end plate 101. ,• •14e e1eut1011 of end plaw J01 1e deplct•d. at. the 

lett ln r.-1pre 3, ehowiag the oO'lUlecUoae be'tlrea the ooatl\Ota '\her._ 

end the selector -.-t• '• 10, 11, 1!1 aJI&I 11. !be 4ottet 11111 '\hrcncll 

the o_.t"'tor1 101 to 10f5 1Dd1oataa the path ot the current. tbroQ81l 

\he lmler r1R8e of eoa'-ot• wbUe tba conUa110u 11M •rt• the patll 

throutrh t lte outer r1116 of ooat~W~'•• 

'!he seq,&enco ot e-wen1s duJ"1ntr ~be enoiphe1'118nt or a let~er 

b ae tollowa : WbaD •in •itch 36 ia Olos.-A. at t.hlt c~Jit ot 

operl'\ tton. ,. ct,.e~lit 1s aet up au follow a 1 Proa -,.R't'terJ 16 tbroup 

closed 11&111 n1tch 16• oon"-'tor 61, oon\&ot lewr 17, oloee4 a0111act 

21, eoDCluctor 251 iJuwr-riJIIS contact 127 or e11ti pl&te 101, lnto c-V.tara 

101 to lOIS f\nd ou1i ot th4tll a1oug broken-U.• pa.\h to another 1Daer-r1zrc 

ooatP.et 128 or enc1 plR te 1'011 tbeace alOJW eoaductor !1, tbro"Ugla •leotor 

-e'ft.O't 10, alotag oondu.otor G, lN\ok to 'battel')' 16. 1lben 88lee'lor JlftgM't 

10 b IIOII&a'\r .. r11.1 41D&J"S1H4 1 t causae ccnnu:t"'\ol' lo&v to be AJ\!'Ql,Ar~ 

41aplaced 1/26 ot ·~ rewlu.tloa, tbue "tUng 1' a pa.t.h 'UlrOYlfr)l the c~ta

'\ort tor endph8r1ll6 the t:tr•- letter, •"1 letter a.. "'hen ke: 1. !e deprea

Hd, 'lD-lftrBA.l tmr 44 1& caUMd w taO'fe d.,.,_.n, ao'l:lng ooata.ct leYer 1' 

aq tna contact. 21 md all•1ne curren' to pu• troa 'Mtte17 16 •1011£ 

cO'Itductor 23• 't. 1H"IlUf"h cloud contact 22, cantact lewtr 11. eOftductOl' u. 

o~ter-rtnc cont~c' 2t or eDd plate 301. 1n\e tba c~tn,ora thrOQgb wktoh 

1 t tell•• tbe cont1noue Um IWl returae "Tia ou:ter-ra. con'taot SO o1 _. 

plate 301, concJuo1H If., caa-.ot le•r 11, eloa" contact 4Y to :l8Udat-
4••floe 14, conduotor g u4 laok \0 'aa·U.e17 16. .\fter the let-tel' Q. eonee

poadtnc to !ndlcll.t ing ded.ae lo&. hu bHil zwcord414. ke1 A le rele&HI& ..a 

11 
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no~l poltt1on contAct 21 1• eloeed r•••tablt••l-. a circuit ~brOQ£b ,._ 

1aer-r1~~g oontact1 or the e-tator•• Jut c~tl\tor 1~ ~Yillg --

d1•plaoe4 on eatlrelJ aew pa'b t~ tbe ,~.,..,. 1a DOW a~ilable 

tor ••1JJM1'1Jtl' Ue lettel' A, lt lt la 8«'11D to lHt ~o1phe:nd. 

uin nitah Si aa betore OQMe a current to now tbraacta one of tH 

imser-r1118 contacts 1io •lector magnet 10. aovtac ~tator lOS OM 

batter.r 16, cloaeo .. ltch ~6, eoftductor 28. clo.ed coataet 42. oo«tact 

le'Mr 19, conduc'\or 2e. outer-ring "01:2t~tct 10, the:aae alo• the coa-

ttnuea. liae 1Bto, thrcueh and beok tb~ tbe c~t&torw.~tqr at 

~Mater-rlBg contact 29, ewdvctor 24, ... tact leYer 11. olOMd coa-ct 

"'• Jmt ic&t1ag de't'lce 16, cernJipODdtac w t1ae le't:tel' 1, c!Gid:aotor "*• 
a.k to 'Mttert 1&. '111• key Q h releaM4, unlwrU:l lNtr 44 retva1 -t. 

1 ta nomal po•tUae aDd &pin a o1rcui t b •ta-.uaMI. tbro1J€b the t.amer-

rlag eontacta or tbe e~tBtor•. kt 1t11H o~awr 10~ baa 'be4n d.iaplaoat., 

a aew pa~ 1a .ow avatl~ble tor ... 1,..r1ns the letter Q tf ~he q key ie agaia 

4epr••••ct. 

The J)&riod of tlu1 ~aquenoe or alphAbet t>elvct1DD prod•Jce4 117 ••• . ' 

lV 
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J 
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(2) tbe horizontal permutation of these eomautatora on the sb&tt ; 

(3) the &l.tgnment of the c~tators an4 (') the IB&IlD8r in which the 

iDDer rtag of contaets on end plate 301 are connected to the ••leetor 

magnets. 

In Pig. 5 the invention as regards double-ring commutator• 

to perform subetitution and control t~ct1ons 1~ embodied in a crypto

gr~ph of the firPt eategor) &e briefly described in general terms in the 

first part of this epeeificRtion. It will be r&called that in cryptograph• 

~t thls-category, there are two eQd platee of identical construction and a 

reversing fwiteb which, ~ben ~et in the enciphering position, condects the 

switches of the key-board to the C•>nt:J.cts of one ot tlle end plates, •8.7 

the right-end plate, and the indicating de~ice• are connected to the contact• 

of the other end plRte, say the left-end plate ; while when set in the de

ciphering position, the reTersing switch reverses the order of connection• 

between the s•itches of the keyboard, contacts of the end plates, ~d the 

indicating deTices, so thnt. the keyboard swi tchee are now connected to the 

lett-end plata and the indicating 4eYices are connected to the right end 

plate. 

Accordingly in Fig. ~ there is shown a ke~board 62, a 

bank of i~dic~ting deYicee E3, a le£t end plate ~01, ~ rLgbt end plate 102, 

and a reversing switch 54, to~~tner with other parts homologous to those ~own 

in the precedinr. figures. Only certain of the keys of tbe keyboard and 

certtJ.in of the indicating devices of the bank of indicuting device& a.re 

sho.n in circuit relation~hip, it being understood that the remainihg keya 

and indicating deTicea are conneeted in homolqgous mannar. 

18 
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' t.he •Uch 56 1• nt to ac1'Piaer1ac potit,ioa, wblob arrar.ce• toT' ctre111t 

coat1n.l'1-alOZif.r tlle coati'IN01ltr U•• 65 to 11. '1M •la •luh 16 la . *"' clolri aad a -ctroutt 1• ••taltl1ehe4 a• toUowa a Jatwr7 16,. e1HII4 

.,itch 16, ooDihiCtor !11 ut•n&l bar nitcb lewr 1'• aloMd oon:taot 21, 

co"l.ductor 2o, 1naer-rs.ac contact lt'f of rl~ht end plate 3021 tbnUJil 

the o-\ator ..alt, to 1-r-n .. •ontaot lS ot left ell4 Jlate 101. 

•oa41MS'\:or 38, Hlector U~Mt 101 conductor 4.1 llllek to llatte17 16. c ... 

11\l'tfltor 104 la angul&rlJ' 411attlaoe4 one ttep. hJ j, 18 now clepre...a. 

~- c11'0Ult throueb the iJIDel'-ri.DI' ot oontact• ot the oo-ta\or• 1• _. 

wotea, •• "aJllwnal llu 6& llnaka \he oontao'\ at 21. At the ... U• a 

oli'c111\ 1• eat"'bltebed tM-o,.~ the oute......,.tac at eoawcta of tt. ...,_ 

•uutora a• tollo.j• 1 la''-~'1 16• olo• •1 tob 16, ..._'-'r 21, OOD'hlot 

lewr 11 opera1e4 -,. ke7 A, elond ooatao' 21., aoJMluotor M, ~ 

eoataat 21 ot ~~t Mill pla\e toz. irate an4 tbJ"'OaBb Oa.t~tr..ton 1061 lOft, 103 11 

102, 101.. m 'Mil' Rter-:J'laC -ooataot•• an outez-riJIC eon\act Ill ot left 

..a plate 101, oODiaoto_. HI to the re .. r•tnc •1 tah M tbrougla tbt ~''• 

eJ.onc ooad114tol' 111. tbeac:e alons c·;nductor HI• la41~attng ct•-wtee 1•t nr. 

l'eepond1og to tn6 lett~r Q.. ctJm!uctor 4-3 ~':l ~tar, 19. ""hea key A 1• 

releaM4. ulwral ~r M returns to l't1 ao,..l poe1t1o~~e ne.ta'bllah1DI 

eouua-. at !1. .'«ala a aarrem now• throVIIa tbe S.er rtJ18 o•tM'• ot 

.. 
other tb&D 128 oa left end plate SOl, 811l011 c~tator 106 bU.._ as ... / 
placed.. 1. utenor aagnet 1a •nnslsecl. and a M1l' -petb b "'up r. tlla 

,. • ..,. ot the. aext eaelpi'MiriJre OV'Nat 1f '- 1 a apl:n tepN.-. · 

19 
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Ia o1·der to effect clec1pheJ1QIIr.t. the N'ferdnr n1 tch M .ut 

lie M'l for the deotp)MrlDC f11Dc1:10B. ftl1 C&llM8 the pathl thro1f8'b th8 

renr•lng fti 'ch E4 to follow along tibe dotted. l:lnea bleteact or alone tM 

ooa:\111l1011e line~. !lie operation t.edtatelJ nltReq.1Wilt to oloelas •ln 

nl-. II 11 now aao\~ tlle a&Me ae '1.\efo"• Yhen the ncl)ahei'MDt ,~ letter 

A wfte de•arlbed. ~1' 1• beaauae the ctrcait• to \he ••leetor ~t• ... 

aaaociated with the lBDer-riag co.Qtftctie of tbe ..... tetor•. &84 the .. eon

tact• are n::.t ooll!lecUd. to t1DJ of the NDU.Ot• la '\he rewrelnc •lw~ M. 

In the tlr .. t eDDlpherbtC operauu. the le't,er .J. ••• enolplaered 'b1 Q. 

~. 4ee1phel"Mnt of Q will ReM lie followed.. »Qr•••lns the Q ke7 Cl!ll1P88 

ulwrtal bar 44 to Weak the otraui t at 21. u llefoN• 1mt 'the a·nltet! tut loa 

o1re1dt is DOW part..l)' dlttennt fl"'a what l'\ -. wbea ke7 A ... depre•ee4 ta 

enctpherment. fh• circuit 1• DOW •• tolla.• a Jatte~ 16, cle .. 4 ~iteh 36, 

con4uotor 2~1 coatRat leYer 19, cloaed contact 4!1 conductor 2!, thr~ 

rewerelng switch e• ftlanr ootte4 path 2!7, aeataDtar 241. outer rtna coDiae~ 

229 of left end plate zo1. 'b:roueb tl}e ou.t.:r-rlc con.tsota ot tbe OOiiiiiit&ton 

w "t.n o-u.ter r1n« cont"'c' 29 o · r1p:ht end ;!lat. 102, conduato:r IM. tlnotlilb 

n.e:reint; •wit.ala !Wt alo.ac clot te4 :path .256, oonc:.wrtor Ia • 11l4loati~ de .. lee 

A. cona·ctor 43, to bat~er1 16. !hu8 Q ~ 01~ 1ielda J 1D plain 1~. 

A fifth ~t.ent ot the !n'fenti~n ut111ze• •lBgle-rtns oomnntstor• 

to •r.,• 'botJa a• n'•Uo\11.Uoa co.wa~tore flr.cl 0011tro1 eoamte.tortt 1:Qt -.. of 

a .-.. .. itch of tweotj-s~z contacts 1aeerted ia tbe ct~lta t~ulh t'

oo..atator~. l'lpZe a •Jaow• a •aba~~a'tlo 41asraa of thie f'HM o'l tu 1..,._ 

ttoa. 
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of t• p-.r awiteh ucl rela;a wbicb will • C..a1'1lll4 pre111111tl7• the 

el .. Dta •owa tberelD are aia1lar 1D ooaa,notloa an4 fUDOtloa to tbl 

•11nl trneo-~•11 and "t the t'&..Je tlae •tlnc aaother ••t ot tventJ-•lz 

oonttLCts ei ul ~aneouaJ.1. tt 1• operat.ecS 'b1 •pet 83 and a.aeoctatecl 

nlajt• 'ha aet1oa ot thle to:ra ot tba lnwa.Uon ls ae tollowa a At 

tbl'oup nl&JI 113 aDd llf•, &P followa a a"e17 16, ooad:actora 21, 

111, ew1 tell leYft' 17, olo•4 c ontaot '12, oonclDOtor 112, nla7• 111 u4 

llf, coDductoa- 1M, to llatt•I'J 16• Rela7a US ADd 114- are ae~~rlM4, 

Oau8lft6' ar-~turea 80 &ft4 108 to 88t~ltl1eb CODtact &t 81 an4 101. Nl• 

peeUwlJ'• »1 .... or a •ohanloal locttas ar~nt, oaoe ar.ature 

80 baa been e.ttrac\eel 'bJ relaJ 111 the ooata.ot alta'tlllahe4 at 81 b looked 

utll relaa.eed 'tt7 tbe aoUoa ot N181 68 J aSallarlJ wben al'll•it'\D"e 108 ot 

1'818.1 114. ho.e been loolut4 lato ooutaot poelt.lora at 101, lt et.va loob4 

uat11 relA3 110 Sa eae~g1aed. caa .. quentll• al~h ooutuct '12 ~•t 

be aloae4 In order to eatablleb coat&ot at 81 aad lot. atte~ tbe latter 

oont~t• ~we -.en ••'•-11the4 \he~ wlll re~1n DO IYaD 1t contact ?2 1a 

w "'•u~e• COilbat lewr 17 to mal-a coa~ct wt'b ouatan 21. •tttJc 

up tbe following eli'C111 t1 flota •,n.roe ot pow I" 16 tb.augb oolllunon •• 

111 aDd contQOt. lewr 17• w o10M4 oonta.ot 21 \hro\ll'b coa4WJtor ft -

lookw4 leftr 80 of :nl&7 llS to cuntAot 81, thonce th!'O\If:'h oGD6aDtor M 

11 
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tllro'Qib ....,_ .. uob -e-t 81 IIJld collducttore 111, 124 11aot to .. .,. ot 

powu Itt WheD BU~-•1\ah -enet 83 1• eneq1H4. anatuze • 1• 

attnotec. 01\UlJJC ... RitA 8f tu di ...... a lonr Rt of ~lz 

oont.aote and. to eapp • upper Mt ot twft\7-•l• ooataote. Dwl tob 

leMn •• 188, 188, =sea. 488 and 618 are flft or the en ot twent,-•IZ 

•Uu l&YerB OOAt.I'Olled. lil1 .biiiC IWlteJa •1 .. t ... te 10, 110. 80, 190. 

-4r90 u4 610 an tlw ot tbe Ht ot heD'J-8ls lower coat,.ct• eoatnllef. 

lly tn~ fti tch l•.,..r• of tJaa «axe •t toll •• aontacte 11, 111. 211. m. 
<&tl aatl 691 are flw ot thlt "' of tw•V.•J.s upper eoataeta ooatrolletl 

b) tht! fti tch lewr• of tl:le trnnE • i \c:b 88. Tivferrlav te contac\a tl an4 

ltl. whlala baw ..... •101184 ~.J ••rs1•lntr ...... 111Ch MBJlet as .. aot.el 

&6JOft, \ore l• .n up a o11'0111 t •• toll•• • tna ..._.. ot pa~rezo 1& 

tlln111Ja eoa4uct• • \o oloM4 eaataot M, f the kq A •tlll 'be11W 

Upn•M4 ) tbro1111a ooataot leftl' 11 a1ld oaadllawr 111 to GloM. ooat&o\ 

11, tlan\llb ooatut lewr 88, u4 ooDiluotOI' 76 to a •oatact tt oa elld 

plate 101, ·~·ton alld ••par•ton 1, soe, 2, 101. •• 107, "· 101, &Dil 

I. C-.at.tstor 6 La ft. rewr11.~ c~tator, I!Uld 1. urefOZ"W, the ftJ'nd 

co•• llaok tbro•h tbe o~h1:or• aD4 •para\on 6• ... t. 107, I, 106• 

2, lOti, 1. aa4 ret•• to n4 Jlate 101. ••JWle at ooauot SO oa .a 
plate lOla \haoe alae aollhDtoao 16 M6 oon...,... le'IV 188 to a1oM4 

eoa'\M" 111, thrOIII'JI aOIIdu.ctor t:s. contact lttftr : 9"1 eloell4 aoatact <II 

aloDB conductor 121. to lDdioattuc 4eY1oe 1•, ~&lollS' ao~~ehwtor U 

to relay r~ue.. t 61 ad back alGae aoa~to~ "1"1 to 'batta17 11. 

'\•'lh;.tl imlicatlng 4e'l'1ce 1-* ~• &rlel'&'hecl, a '\)-pe 'bar h •u.t 

'1 ... aa aot l!hOvt• l.o prbat \he lett•r Q.11 wb1ch ie tha cipher .... t.weat 

21 
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of t:be plala-t.n latt81' A. Qea rtt1a1 ~"laJt 61 te energised, 

coatact lewer 80 41ra~ea GOR\act 11 aad •n..,_a coutact 100, 

4eaerc1sl .. Ritch ooatrol -.raet 11. anc1 allowlJJ« «&DB nttcll 

86 to dlaenguge tlae upper aet or hant7-dz contacts, IUDODf!' which nre 

ooUllcta 91 an4 ltl, and Bltr.aBB the lower ••t ot twellt7-alz coDtaote, 

aaoDB which t-N 90 and 190. ':his sete vp a oli'C".J.it as follow• 1 

batter~ 16, conductore 23 and 111, unlwra ... l--.. ooataot le._r 11, 

cloH4 oont•tct 21, cunduotor Tl, aorrtact leYel' eo, contact ·100. 

tbrour:Jl and back tbl'o ell com 'Rl'\a'\ore 1 to s, ontact 29, ooaductO'I' ?6, 

oontaat l~~ar aa. oloae4 contact 90. conductor lot, eoR\act le98r 108, 

oloaed. cont.A.ct 101", ra1&7 ~t 110, ooncJuct.on 123 a11d 126, llaok "to 

"!ae:a 1~:hciur n&ae.DBt 1~ iF aneqrlu4, oo~t11:tor 1 1• 

aueuarQ •liBPluet tlii'D1C 1/26th or a re'fOluUOD, ud a 11n ••' ot 

eiroul'\a la forM4 lD tbe COIButator 'Wllti. Rela.J -.pet 110 hll't'iDC lie• 

•nerched• oontac' lewr 101 1e eaueed. to dlanrse cOD'tact lot. 'llli1a 

lareake the aircutt through t'M Hleator -snet• aDG praw11\B enercl•iac 

'' 
:/ 
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at 81.. aad lOt unt.i.l another ke1 ot tbe keyboar4 18 depr~••4• oauw1:nc 

thia fol'll uf , ,·e lD1'8lJt1GD. uee ia llBcle or siDB'le riac OOllllll\l'b.tore wbiD 

MOtion with a Pill nitoh of 21 oorab.ch operate4 b7 a Ulllftraal liar. 

i.ia'flZJS now P"'rt lcular reference \o Flg. f, the elem.e nte ehowa 

elerdnte ebon. ln tbe praced uw ngure. Ia thl• •bo<l1aent ot the 1ll-

'fenuoa. gaag switch 85 ie eo ooa..truoted that wlaea &~q key t.a clepreal84.. 

and uni'fBl"B&l bar 44. ia &Otua.ted• ftito leftr8 88. 181, 288, eto •• 4J.a-

·~ contact• to, 190, 29~, •'c., reayect~'I81J, ~1d ·~ eontacta 

91~ 1~1, 291, eta. rerpectiYelJ. ~h• operatioa of t~l• to~ or ibt 

\ ,, 
\' 

1n'fent1on i• as follows : '!.'.-n~D a. nlE'ePagu u te be enciphered., o ..... tat-. · : 
'\ 

1, 2. :· • ... , and & are ali ned. to a prearr&nFe4 ke7 and nltch 36 la \ ... •,\ 
\ 

eloaect, eetting up a olrcuU ae follwa 1 Jat~e17 16 tbrovch •1\011 H, 

conductor 10'1, a~Jn\aot 901 contact lewr 88, ooDdu.ctor 84 te aoataot 29 

of ead. plate 301,. throut"b oOIIIII\Uta-tor• l, 2, s. ucl -6 to coonnnatator E whiu 

dinets 'the c'.rrent -.ck 'throu,;ll coURtatGra '• ::l, 2, and 1 to ltOIL'taat 

30& of end pls 1ie ~1. ti'lro,gh oonductor 2M to coutac'\ le'ICI' ne. ooatae' 

290, conductor 106 to control .:~&~et U &J.d tbe- baak to battarj 11. 

When control magnet lS ia ena~iserl, ao..atator l 11 ~ot&ted thro~ l/21th 

of a r"-TOlution; eettltt« UJI a. new aet of a1rcna1te througlt the cipher 

wheela. 'l}\e device 11 DDW read)' f'or encipheri.Jlg the tirat le\t• •f tbe 

••••as• . Ir thiP letter 1e the letter A, lne ke) oorreapoD4lDC '- ~~ '*. 
d.eprened, 1!1 .d tho contact leHrll of {'ftng-nitch 85 are cauaatl to a ... 

2ft 

1· 



REF ID:A67504e 

of twent:r-su ,~o.n'\act• ••tUftC' up" el:rcuit aa tollCIWII r hca •tter.r 

16 thro'U6'h conduator 23 to contact; 461 contact le•er 11., ooutaat tl., 

oontact le...- 11. conductor M. to oOiltMt 21., '\hroush &114 Mtua \hn\IIJa 

eoan·t-tors 1 to 6 ·o con\~tct so. ocmd.UDtOI' 1M. e•tao\ left~ 111. 

••tact 111, oODcluctol' 93 to 00At11at lewr 11, o•taat a. eoahatol' 

121 to lll&lleatllll' cleY1ce lol whlaJa eorre..,aaA1 to tiHt letter Q. cOIIIblotft 

431 •lteh .!6 •o batter1 16. f'\er tbe let'te:-r Q t. aot"- DJ A 1• re

leaseci, allOWDlllf' tbe contaot lewr• ot BfiiW •1 toh 15 to 41Be~ \MI 

upper eet ot '\•ent)-aix oa~~.tact• and. •ar."f:tt the 1__. •t ot weat7-e1S 

oontl\cta. "t t'M laetant wben coatfiOt le•r• • aml 111 ....._ •ms• 
OOD.tact• 90 8114 110 l'eapeot1•11• a ol.N'Idt 1• •t qp •• roll- a 

latter,} 16 \hro~b •1tch M, 001111111'\or 107. oontaot to, ooatM\ ,..., 

11. oond.uctor •• to oontao\ 21 ot eD4 plata SOl. throap c~tl\ton 

1. 2 1 3 an4 .ft to cc.MiltA'\or I wblol:t. tireott \M ftl"Nft\ bftct t~ 

OOD'.I.Ut'ltora 4., ~. 2 and. 1 to coat'tot 30 ot ancl plate :S011 throV(da con4lla\Or 

1M to c.-ontaot le•er 188, oontaat 190• conductor 106 to eontrol -c-t 

13 aDd thant"e baat to ktteq li. ...ben control -eaet lS .t• ap.lft _,_ 

Bisect, co.autJ\tor 1 1• 118"1• rota\ecl tbro11£)l 1/lltb of a nw11l'l1oa ...a 

aga!JI a DeW eet of clrouU• te •t 1111 ln thtt ~·~" utte. ~be unee 
ta now reAc!J f'or enc1pherltW till eeoaa4 letter of 'h• ....... 

In the torecotns 4IU1Cr1ption we h,-.. ftiRI'10'M4 illl8 -~~

to oa .. a or 1D41¥1duall&e4 or a1ng1e 4leplace..nt• of \be .. ~1\a'l .. 

111 s'latore. !here 1•, howenr., ao reR.eOft •Q tba• o-.taton ~ DOt 

be 4lapl.aoed 1a arCRaP• or 1, 2, I ••••• accoT4lB« to tbe .,..s.rs. elftdt 
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i 

to explain how thte C'Ul be aooa.p-Uabed, n will J"etur aeata tlret '\o 

ftg. 2 a.nd tnen to 'Pit• 1. la the dbtJa.Baloa oaaaernlnc Fig. a • .._ 

oonta.oh eaoh, to the r1w oOIIdetore 37, 38, :~t, 40, AM 41 " • Ill FJ.e. 1 

theM oond,~r.to:rs .~.,. :18, 39, •o ad 41 1-.cl to \be nBPMtlft -.-ta 1, 

10, 11, 12 au4 13. 'Bu\ no. I'GJPOM tbat tbl Rl'n,._._, of contaota • 

end pla\e 10& ami the cond11Dtora lea.41118 troa thla pl•'- u 'the• ~·t• 

11 suah "ttl& t, tnnea4 ot • pt011ptt• cab ina. t loa ot the CODtact.a ooni\H\et 

to a •ln«l~ con~uctor1 A ourrant ... ~~ troa one &paelf1e contact oentrola 

t.be o:pera.t1on of two mrt::n•tt1 9 RRd 10 lor u-..l•a \ha\ MFI'Blfts hoa 

another atpeoitla eGDUot eoatnla tbe operation ot U.re• _,ets, 101 12 

an4 1~ 1 for eUPJple, tend 80 oa. Tbue U, wlll be 1'41114111 ... 'P.,...Nilt tl\a\ 

•lth twent,l-t1w con·hcta 1'\ Ia poaallsle to praY14e for SJ'01IP or pe~~~atatlw 

o~tatore ~~~ are thtrt,.one 'Gr~\~tlye dl-.p1&oementa po .. l-le a ~ 

ln ltr,. 2 there are twent)'•fi.,. coatac\e on plate :104. ar~e _, 'be 

st. so tbtlt 2tS ot t'be 31 6lap1111ocenu~ntr~ call be npzeeen'\ecl. ~ 1t tt ._. 

deel"d to htne all t!lll"t~-one p4NUt~>t ive dilrP1AoetD8Jita aftlla'ble. t' 

woul\1 utArelJ 'be neeea-.&"3 to h'1.'ftl tbe CODMU.t·. tara '• 71 and 8 Nld *~~' 

e.a.octa"fla end plawa 303 aad /.Oft OONPrin lltt'ta et 1Jbln1-two aontan• 

rtc. 2. 

lnateM. of ,., ·~~~~" nt pt-mut•tti~ dtapl,.c...-.nta b~ ll-nsle ''-" 

one C!oul.d tt.;rfB.!~~· for i.M1'1ld'i:m11U4 41&-p~nte ot 11 2. :i1 "• or & 

' . 
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t1e2lbUit~ ot the a,yetem in th1-r regF.r4 la thus ctul"te appannt. 

. . . . 

r/ 
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8 ClAim 1 -

tricall~- inwrralatttd ; caen.na coilprt•lu& a aerl.ee ot n1teb1118' 4eww•• w 

eat~bliah or)p~ocr~pblc rel~tionah1~a between said .. t• of el~e 1 

G.1lU rat~ant to c&.use IULi<1 awi teh1116 l!e'Yiet!S to perton1 cr,y!'J"'OfP"lPblo Malt-

. 
2. !1' I C!')ptOf'rToph, r, P t of eharpe+;er elersr.~tr eODe\ttutlns a 

. 
ke) ·, oar<t, Md •- set of' :lncl1e•,•.tnt; el81"tent•~ •14 •t• ot el-nta •t.ac 
eleo'\ricA-ll! tntRrt"elated : 11118"-ll& coaprid~ a •rle'B or c.,...ta"\o:re t.o 

••'~blieb ct~~toaraphio rel~tion~htp~ ~t~een aal4 ~~~ or •l ... a\a 1 

tune+.lon: ·~r,u ar.)-vtographlc _ctln~.:rol ftmetione 1 f'nd 41apl~at ~ 

1851 to df!dct di&Pl•e9aentR ot ~ha oomNUt~tora when perfo~ .abet1~t~ 

tunctio4~, sn14 ~oh,~1•~• be1nc electr1oall: cont~lle4 b1 eaid ~~t.rs 

when perto~lne control t~nr.ttona. 

etec\r1ettll~ 1n~..eft'elawd; .eana tor en"bliabln« or)'PtO£rt~~phle relatiou 

lMJueon eR1Cl de'V'1oea and aa14 ele~r-entw. a11.1Cl aeans tnclwUas a tlnt 11at ot 

ooirav.ta~r• tor pertomf.ni- o~pto..,.n .. pblo subetltutlon tuncu-. allll a •ec0114 

•' of o~'a\OJ'a tor perfoftllng Cl"1JtO£n.pltte oontrol tano\10118. 

... 
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atS. tutlon coaw.t•.1;ora tol' •• ,,.. t.abl.,; oper"' ttw. OI71JtO«ftopblo nlat!OJ'Ut 

'bl:t.•e'fn tM ••id ClllllJ'act• el .. Rts II\ZICI ta14 •lf:D"ll~ &leYiree 1 4l*aee

ment .-.A~l .. a to etfeo~ ~~r dleplae~nts of the ~batlt•tloa oo.-

mu~<t •ort ; ani MADe tu1•4tll8 a Mt or oontrol aoantf\tora r•r eontro11.111c 

~n• dl~lao~~n~ ..ebaat .... 

l!lf· a !C.e)'lloArcl alii • 8ft of el@:Mllns 4e'f1eea •l•tncftlll' laterrelate4 

with sa1o elenaea\e ; -•• for ea\•._lbhtWg opeJ"e.tlw ol)-p\afri'A,.1c n

ldiaft.• bet••• •14 drrtee• AM. •l• el ... nu. 1ae1,as1t8 " •• ot et~ 

1r.c conn'tltll1or• a a4 .... t.o erfen tM "~ ll.,pl.A..-.ta o1 •14 

.. ~' , .. oolll'lll' tol"e• tnnl1111itJC a ae't or control e_ .. ._tore adApttMI to etten ,, 
t!- .... t"' the dt•··lMett~J~~J7lt ope.rRtion.e _1Adlvl~laall1• 
~ 

e. ln '" ar.H>to., rfi.Pb,. • •t or c'haft.Gt•r •l•ata ooutl tut .. 

•' ir.-' fl. ke:-'b.n~rd.. a~td a M\ of •1""1\Ulttil t.tt91.eew elac'tl'loall.l 1nt•:rnlate4 
\ 

t'Mrftith ; •~• tv ••"'-ltll,.hl:nr- b'J'PtGK.--l*lo rttl~·u- lle'twMa •l4 

el....,..t• "lld. 81\ld deYlael., 1ac:lu.dlfiC 11. aft fll el,plllerl• ea.ratator• 1 ,1 .. 

\ 

v 



\ 
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etf.-t1fttag a lte.J'bolU'IIl• f\Jid. 1114S.,.tl.lls cle4ft••• Ia •l•lrt.al e~at1M 

wU.h &1\14 •1-a\a 1 aean• OOI!IlWl•llls • atJW).a .. t of --.\ate•• "

eatrb11•h operatl~ ert,p~OBT.Pblo ~lat~ --~ .. ,, de•lcea an4 .. 1& 

t1o••• 

t1o••• 

tt••• aat• •u• lDCtlwllDS" •parr.te ooat•t• Md. anoelA't84 eon48W. 

•ran•sc ......-• eleetri•l ebNJ1181• throaeh salct eaat daton. 
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12. ln a or;rp1:111ftph• a Nt ot Cb'ln.eter eler:.ttr.tr.: con•~t•nttec 

tt ;.;~;;)a-: rr., N.fJ. lntU.a~-tina 4e~1Cftl' i.•. •lec~ricn.l ea.anloA\lOD wltll •1.4 

•1~a\a a ..... 'o eat•''llwh or,-ptos-phic nla,ioaah1pa 11et .... •tl 

... ieee alii aa14 el._\1, oo.-prlelag a 11Dglte M'l ot CO!IImltfttere f U14 

.... \e •rJ aal4 nlati.OJlahl'•• lnellldl¥. eleetrleal eontl•ton .._,......, 

with the COIIWD.tAtora 'o oauee the ~~~ •t to pertoN 'botJa o~hle 

8.l'betU,ut.iou t\ZI.4 OI'JJtGr.J"' !'ble OOD.tt'ol t'anet1oaa, &11 co-.b.'lOJ"8 WtJfC 

tntarchaneeable. 

1:5. IJl a ai'JP\OSraJth. 1\ ee\ of Cl\Arac'ter •1--U eoa•tl tat

iniS -. kll; 'bo"rd• * a ••t et alp,.llnf: doYlee•. •14 •lttt~enta aau1 eatd: 

dedee• bal.nt'i eleeiirlaall!' illterrelatH 1 •aa• OOII'PPlttlftl' a •l'leo of 

oo~~r.to~• ~o eai~blt•h cr,ntoer~ph1e re~tione~lpa ~t•• .... ld ~lemea\a 

aad •~!' ,.._,.,~oe• • 1\r•S ,....,,. to '~" r •. el\14 relf\t1nulpl, tnclu&lltc a 

plv~tlU.r ·ot ••lf .. eatnlletl etpberb~a •-tAte• ~4 1n ...... 

14. - appa.l'l\tu • ela..IMd ill the 1'1'•edln« clata. ta whlol\ 

&11 oa.N~~·tore are lateTC1A~•ble. 

lf. ~n app-rat•• ~• cl~l•e4 in Claia 1'• ln ~to~ ~lQSOUe 

OOJIIr.IU.te. tar• JLre lftMI"')ULft&W&ltle • 

11. Ill a Cl"~pll, " -.\ or oMna\er el-.nte eon•tttut-

lJW • keibcn~rd. &IMl • "' .r •JcnallDB clewleoe f .... to ••ta~ll8ll 

or~ptorT~~hla rela'l ... htp• '-'-.-a •~1d elameatt and aalt t.11•••• e&14 

.-nl 1ncludiJW a pivalllJ fit wlf-ooatrolled ol.-riJC ec1 tawra ,...,_ 

'114•4 •1th a •tncl• •rtee er ring ooataotw 1 a et..-.l-t ~ --.-1ftter.oaneet1Jtc 
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... 14 •1..-nts '\nd eat I\ ctmoe", tt.na. 1ftcl'l4iafr ealll eo.._taten 1 .uz4 

•aa• opt!"fo- H • •tt'b •U. olrc .. 1 t •J •t• ••• taclud llW tllenla a owl tela 

•obaal• to JIU'Idt ·- - II EdAtO .. t. r..tt .. alt--•lJ &8 

eh&rnetu e1ea81lte, ud a .. , er •tcMUIIS de'll-. M14 •1-ta ..a •l4 

.. Yl ... 'ba1118 elea\rlaaUJ laurnlata& 1 -. .. tor etteetl ... 't'QJIIW 

RJP'optt]lhla 1'8latt.cmftl .. '-"'•• •lC •1-ftte ~- eal4 enloe• •-

~t•las a pluralltJ of ...-larl,- d1Q~W.• -..atator•• aid -v.tors 

kl.,! '"n1del. wlth a •lllclt~ aeries ot I"I.Jrc OCIIlt:aet• f dtspl .. rr•nt 

aMbA111M8 nPf1J'Il&1W W etf .. t the Ulillal&W ti.,IM'It•at of •14 00•1-... 

ta'orn 1 ~Po.nd alrmdt ...... bol•Hnc • wttDl~rS _._1•• .,.,..,,. 

to eauH tM ••• ••t et ooataou w t..tl• a1 tuu.w~ fer J"U"POM• 

or orzptQirnPhle au'nttt•'lon aa4 c~tQCTA,-1• e .. trol. 

11. la • eJ7PtG'f'1'1Lp)&11 o k•J,.._. .....,.,.,,.. a _. fill 

a:barMte•·•l-•'• 1 a ..t or •tc-U.IIfr tle-wt•• S.a el•tn-.J. nlatl• 

wl t}l ••14 elet~~tnt• 1 •ant tor ett .. Uii(' .,..,17f.ag or,yptor,Tt.pltle re.la,l.-

81111'8 1Mitwen e-.!d &1INIW1lt• and aat4 d.e'Yleea. 1Mlw1lltf' a plld&llt7 ot 

...-larl7 dhplaoeabJ.e •-taton proY14811 w1tl1 & cto hb "fli1"1fl• ot 1"l.JW 

eoa~·•t• ; 4lspllll-ftt ••llult•• operatlw to et:r.et. ""C'ilW •tapl..._ 

..,.,. ot ••14 e..,..\&tfl'll r ..... to Pr&Ylde •l .. trteal .. •• •• a 
' 

o• ot the •rlee nr coat:aet.e \o ea·~n •A14 •-t .. tol"t , 0 s-m,. ...._ 
tlotta or e1')Jtt:wMphi,• •u'ttaU •uu.on. ar:t4 ta aepe~~U~l o,enu- ot· •ll 

. . 
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a keJltoa.J'tl • .n~ t\ ••t of bltUcn~t tnt.· eJ.emeate. •id n~• er •1•-'• Mtllc 

el.etrleall) 1nterrela'.a f ..aa• \o eetft~llah cad ~~ CP.Jtterr.p•t• 

"lai.icmt!ltp• betwe• e&14 •t• of •1--·b • •let ••n• 111011:d1ac • •' 

ot ae1t-410Dtnlle4 o-tatora. 

21.. 1ft a Or;nt\GC1'"1)h• a .. t Of .... eoter 8111Wn'ta IDH'l1t.u,1ttC 

a keJMar«. aad a ae\ or s..atoau:ac el8lllhl'•• Mlt •J .. a\e ._s._, el...-to

allJ 1a\u"late4. J ••• to •et.a1JUII& •rJt,...,...pltto Nlatl- ._'-... •t• 
' lil!t• ot el.el"4•n1.tt• Bl\ld .... lMl'till'lil\f,' a ttlur&l1'1 ot blt-.cnntrol.lef.--

' 
•1.a\o:re ar!"f\!16414 la ••••• Pl4 o....,t.\ore 'Oelas ln'\e.....,......, 

-
l .. a k.,._,.4• ad a. "' ot S•'llea'Une ol.ea'\e 1 a o1realt ~--- .,..,.... 

tlwlJ' • ..,...,tllla •14 .. ,. ar •1 ..... \s 1 •au \o ••'ablta 017Ptarrt.-pbte 

n1•U•n•h1JMI ._, ... •t~td •t• of •le-.eate. bal:'ldllJW • ,l,~ra1U1 01 .u-
••tnlld .,_._.tor• t.rrP'.Tatt.._ ln eana4•J "*' ..... l.aCl'\td..llfl • wt.\all 

_.Juml• la eeld ClJ'Ch&lt •1•t•m -c.o o_.. at.• ---~ten ~ ""-'1• 
altet-h-s"\el1 i:Jota-. elpll4fl"lltf' ce..tut.w• •• ae eontTol a••~•• 

-.. 



I 
.t' r -.! 

-.. • '-

~.. ln • ar.Jitt.Gfrr3pla• a 1ft of elaa1'Ntn •1-att w-.tttld-

1»1' • aiboArd, a.Jid .a ••' et la4lC1\tlJIIC et_.w_. al4 el••te '6el:lll 

f.l .. ,rtanll' ta~rel~t84 • ...n. ,. ••ta"t .. er1f\nprPphlo ~1-tl ... 

elllJII ......_ ••tel ••t• or el .. •t"• •t4 •- s.t1wllllf: a Pl.,.1tv 
' 

ef ..a.r ..... oat.rollel c.--tater• 1 ""• •au '- .... ealt ••• taun 

to _...,_. 'Wth erntopapbte .U.tlt•·Ua flBDtlwle and a~te 

tdtrOl :h.Mt.lone,. •atd _... S..lwll'ft6' ccwuaeatrle l"lftr,a •t oon\aot• 

en tiw •'-•• tn.ae Ad a ...,_apeadlJir _..._ ot ..-...-ntrto r!JWe et 

_..aota • tJM reyerae t&ctJ or eMJa .c_.-... aa4 eollihuttoM Alf

••'lf<'IIIMl •tthbl enh a.-..-.,tcw tor NM88thl' tM, eoataote •• \1Ma •""' 

..... ,.,. •ith --.olop1U1 •"-'aot• .. ,,. .............. . 

1d€ .. n:'bou'4,, ... a .. tor ta4leat1118 •1-.et ...... Ill••• .. , ... 

•teetrieal~ la.'MrN141l'-d ' .-. tor e1'r..U.., ...,.IllS e~t..,.Jhl• 

re1atl01llb1p• taweu •14 •1.• or ol8118a\-. at4 ._.. laol•liW a 

•1 tebtc o0JIIIt1RIIwr ._rlN ••• or .. ,. .., • ......., rillS• til ._..... 

ooa,acrte Dl\ 1;he ....,.r .. face• And oond.ur\o-re Nlf-e'Cm\rt•4-wt'\•ta ·~ 

e•"ft\1'" tor Mti &r~4 lrneaJaz-11 ten· eoeqeaU .. tile eeataot• a tu 

, ObWrt'8 t'rtce of. eaoh. .• ._ ,tA.t~tor W\\1"1 h01Uloptl8 OoatJIOtfJ CU'1 , .. NUr• 

• 
21. la a 8J'.;rl't"'f'M!Jb1 ,a "' nf" <tbll!ruter •l ... nt• eo•ti..._ ' 

ing "' 'k•:r•l'•• _... &. _. at t.Ueatii\S el ... n.t a. al.ct el,-llb '-IIW 

•lentrioall~ laterNbili .. I MMB ter eff'efnlntr _,.J'lllft' &rn-.-Y 



' 
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relatiOJUthlpe between ee.lo set• ot "'leMnh, ll'lld •eanw 1n~:hu' lnt r 

n'ftll"F1q ao--.t"t;or 'beAring t•o or aore ao....rtJ"le rtnp or e'tftft 

maber• of CQD'tacts oa oM or 1 \a fACe a, and. ..... for electi'1MllJ 

oouplillft tM 1nd1n4•1 ooataete of •eh rtac 111 t*ira. 

26. la • ernt;or,-~ph, "' •• , or ~haraater •lemea\w oon

lti tutinc A keJ'llo&rie q4 a Bet Of llld.Jft". tl:ng el .. Rttt1 11Rld &leJWn'tl 

bel..- electrica.llJ lnterreln.ted ; Mf\n.e tar etteottng 'Pir~l1'18 nr.Y.Pta,..._Jia

tc rel ""t toashtpa '""'"• •14 •ttte of ele-neate, 8All. •nu laelw\1JIC • 

aet of Juzta~oeed, touble-rlfti-CeQtac\ .w1'.oh1~ COBMUtAtora, one Of 

tbe two r l~• ot ccau.ct• pe:rtomlftl' e 1ptot,l'll.y~hto e'\lb,.tt t1· tlon tuaot t••• 
ud tbe o.,htt:r ot 1"'14 rl-.r ot oollta.cle JHn·tond-. O'l')lpto@Tflphla eoati'Ol 

f\1BCtlona. 

27. lD a •I'!Pt.Df."'nl'Pil, a ke~llo .. rcl •OIIPrlalrw eM.nutter 

el .. a'tl and aar:re~on41ug •lvDAlUJt,. de'f!ce-e, wald elelllftnt.• 11.1U1 81\l& 

d.eYlae• beirv: elee\rtaally internla~ec! 1 -n• for RJ71JW the IICJIII

aeotlontr 'b'•\t>een ~&td el81"'1f'ftt8 III.Jid A~tlrJ d8YH88 tor the purpCJ .. Of 

•tteotlng cr;.p\O«JraJible Ol't'Tatton•, eatd aeaae tuelurUrw~ a ••t ot 

J'GZ'UpoMt\ 1 rot•t'llJle atft£·1•-rlllfP-Oon't.~\ct awlteb!.n.. eorr.u ~tora ~~~t:nm.te6 

upon c '>Mt .on 'l'M.f't c •'t.en· lOP' "~)l~nhae tor ett•ctiR£ '"«''l&W' 4111ltl&ee

•nta of 1u ld OQ!WIIIIlh ton l 1' 1' ll) J Nld el~>r.\rlt"'-'l '-'.._.h.ll'tew 

tor ooratnll bas Ptct •tep,tnc MOhl'lnb• •heN'Q '\Jae ..._ or ,,._.. •m 

.-plOJed &lWI'MWlJ for effH'\b« Or1Jt\flf!"P'\Pllla n.ltetUutl• ~~-

.,.. Cl")ptot;r~>pbla control f'UIIC,to••• respeeU•lJ• 
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28, Ia a eJntograph, a •t of ftRraeur •1••'• o•nltutiDC 

a k.,'-" N14 a •t of 1DG1ce.Ult« el~ta 1 a oln.it 11n• ..,.rat1W1J' 

eoaneotla& said •t• of alMeAU 1 •an• tor ••tabllehln« OI"J»~phle 

rela,toDahtpa betweea aaid eett of el ... nte, t.alud~ a pl~llt7 el 

.. lt-ooatrol!ed o .... tBtora1 .. 14 o .... tntore '-1_, taterehaQBe•-~ ..& 

bein« prowlded wi\h a •lngle row of ring coa\aat• oa the ob~ aa4 

l'ewree tacee, n.,eotiwl.Ja 41eplsc-at --'-1- opentlw '• efteet 

8JIC'Il&r 41Qlac-at8 of Ml4 -t.a'lore ; aa4 ..... iMl\1111 .. a •l'* 

MCMzt.l• lD StJ1cl otrnt.t Qnt• anl ettecttw lD ...,_.tlal .,.,aitou 

at ea1cl ..okaai .. • to praYlde electrical obaaaela thro~h 1&14 eoat.et• 

to ea"H r.• ld C'UIIIIlUt •tor11 to pertona Ol')lJtQgrii.JJhlo auwtU:a'l1oa hac\1 .. 

and ~J~tQF~Pb1c con~~ol t~t1one &lte~\•lr• 

29. In ,, CI')'P~ar-r"lnb, a 1 ~ ot cl!IR.rM'\u •l••r.te eoaetltu\-

1'~ ~ k•¥~rd ~d a •-' or al~lllnr, de•ioea elee\rtcall1 lat.rr.elatel 

wUh ll&ld elqente ; ..,... for ellt"l'bllmlJtC .,. ..... ,lft er,-rtOf'J',phle re

l&t10Dahi~• '-tweea .. 14 deYioee and sai4 el-...te, lnaludl_, a .. , ot 

oiJ)aer1ng oc.atator• 1 NMl•8D8 to etf•o' the -..l•r 41Ql.-ate ot 

aRid oo.a.tatora. lalWlbiS" "'of coD~rol ._ta'\oi'WI &D6-.. 

oper~tl~ with ea14 eaatrol •~tAtore to •fteot the d1splae ... at aper•

tiona lndhlduallJ in ebtcle 11tep dlllf"hu:eMote, 

JIJ. ln a ern~P. a •- of ~er •1 .... '\a ·-·Utu\

iJ¥: a ke:;board an4 a ...,, of •tcaallliiC cleYl•H eleovleal~ latei'Nlatat 

•lUl Aid elerwata ; MMB tor ett1:t:.\l1llll• opera'tlw ...,....raplale 


