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IN REPLY 
REFER TO • ' WAR DEPARTMENT 

OFFICE OF THE CHIEF SIGNAL OFFICER 

WASHINGTON 

Jlemora.ndum For Messrs. Yilliam F. Friedman 
and Frank B. Rowlett, 

W' P and ~ Di rtsion, 
Office ot the Chief Signal Officer. 
· Jlunitiona BuildiDg', Washi:ngton, D.c. 

SubJect-: Improvement in Cryptographs 
Iew Patent Application 

1. The doc'UIMnta and 4rawil1ge :tor the a'boTe entitled patent 
application have no. been coaplete4 an4 are wabmitted berewith for 
appro•l and execution prior to the filing of the application in the 
:Pateat Office. 

2. In e:x:ecu.tiDg the applicatiOB, each of" yaa gentlemea should 
be caretul to •i.sn hh full first, ait4le initial &l'ld last namea at 
the three places i:nd.ieated in pane U aU. thea take aclat.owletlpent to 
the oath 'Mfore a :ao"-7 pa.blic who 1111et &lao sip ancl impreee hia aot­
arial seal. It aD)' ·Cha!JC81 or corree·U•• are de..-4 uceseary or 4e­
aira~le, please iatteate the aaae ta the car~o.a OOP7 -.at fer purposes 
of cheok:111g. Gae iet at photostatic eoptea of tlle drawiDgs fa also traaa­
m.it\14 a:t this tilu tor purposes of cheekiJIC• 

s. Your &ttentiOJl ia e&lled to the tut that tllia applicatitm. 
has been placet in .tl eeont catecorr and tu Pateata Sec'\1oa haa been 
41reetet to take the aeoessary stepa te ia~ tbe pro~1s1oaa ot Seotioa 
4894 1L S. 1Jl accordance with tlae :proeeclure iaitiated. _. tile Chief Sipal 
Officer 'QDd.er elate of A'\lCU8t 21, 1935. . When this aulicatia l&s reeei ve4 
a formal date of ~111Dg eat Serial lUBber in the latent Office• aeoesaar,r 
atepa will be te.kea to cOJDply with the retuirement ..fun aeatiene4 &Rt ·aP­
propriate clocaents will be prepared .tor tlaat pllrpOSee 

Cbarlea .&.. :Rowe, 
Patents :Section, S:lpal Corpa 

v 

r release by NSA on 09-27-2013 pursuant to E. 0. 
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b .. f1 'fid'a"l c<>n·tAou of one fa.oe O.ing conn~ \r.T lnlt'Dl"t4Jt 00fl4ueton 

Pt~•si~~g 'ibr01l6b the diak ~ in<i1•14Ul eoa-..: ~ -.. otber face ta 8ll 

vlliU'ar~ JtamMtr. la \lae li_terat.ura ot o~~~ ncb oa.utatore 

.re •alle4 " elpber .-.bae'ls •• • .. codiuc CJlt.ndeft " , and \be like ; 

ft..t.., fo'f purpoae.• of gea.ter cb.rltJ 1B deaOT1.P\:Wo 'the,1 •U~ beJ'6~ 

M Nferre4 W a• n suba\1 tution COII41iltat.ore. •t ln & s1Qgl8 oiypto~ 

-.r• •1 be· eewral ~ OQIIIRtatore J'Uta~ oa a c~ lbat\ • .,..._ 

~ llore 'than o• s'!llMI·tt•UOD OQ!a1l~a\or b ua-; tbe c,1pliar l•'ta.- ob­

ta.t.ae4 upoa 4eprea•i»s & key ot \he ke)l\oarcl 1 • 'be renl' ot tba pu-.. . 

ot aa ehetrioal ourrant along a Cotllplex patla ••t \1P throus:'•· all the 

Jutapo2811 !Ul::IJ~1tut101l COJallU.tOrs11 \hia paU being COII))OM& of U __,-

Ia ·other wo r4e, 

ba•iD& one or aor6 auba t i tut ion eGII'I1ltAtora rot.atu11 aouawd oa a •batt 

between two fixed end pla tee, eaeh end plate 'bea.r1~g an aml\1l.&r rtag ot 

contacte, tba latter 'being •o C!itr,)Odd u to coiae!te •~t11 wi il1 tAe 

falling into tale oAt-cor, the C.J1J¥ ni\Gbea .Gf tl:lie IMII':lUall1' opera-teA 

)Q~rd an ~te4 " \M ee'\aeu ot oM of tlle an4 pla tea. ail• 

~baH of' the M.a ot "l'Dd1catiD& d.eviee-e ar-• oazuacie<i w the co.ratac•• 

ef'· the otbar end p-late. ..\leo 1\ r...erslnc .tnrttcli Qf twice u ~ o~ ... 
W.ot• ae then are n7a on tbt ke7~uf 1• ~-. wta'to~ ..... ~ . . 

owera.\or w 1at_..baace tM OODDMtiou ,..,._the~- ... »tatea_ .. 
. . .. 

. I 

:;;t'. 
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Jato tne otbel' ~tecol'J' 8Q lNt plaG'eQ all ot-yptogra]»U ...... 

f.c a •11Cl• eDd plate ot tlle 'twe 4e .. l'llle4 •. · '1'llle J.at'hr •ntM!W are,. 

lu.MreYer, coaaeeMcl to·,._ •••~l• -•r• of. a ~ or elncl~ pol•. 4oulal• 

'Uarow •iw••• tile .,..'Mr or ni tcbea beillf" tile ·~ att the aQIIl't-et' et 

eoJStaclt. 'PJ"Ovi.:ed ·on 'bfif e~Dd plat•• aad eo a•u•tjoucud 'that tbe nl toHI 

ar1 COA'h'ol14M bJ' tbe ke.7• ot \be ~llJ o,eratecl ~board. o\dJ•nat 

to \ • .-e e.boft-claBO-r1ueu erMl.pla~e ~r• ao•tea·a""' ol'" •ore nb•titut\Gil · 

.... h'\On. t.he tiMl o_ia,o~, that t•.., Qe.ne aoat rttlllOtft trora tile 

aa4 plata, 'Mlnr wba~ i• 11ere1•fter «••c~i.bed .atad r~oterred to ,. .. a 
" reweraing o...._tator " • '1''~• ....-,o• at the rewretni oo.nttator 11 

-plaw '\e slml8 otht.r aenteet OJS ta. .... •• ttJ.ate; th• eurreat thu 

eHBa iato tbe nverdq ·»late 'na •• OfiiiiPUC.ted path tb.rc'NCh. '\be 

.-ana tor aagul&rlJ dlsplacinc or rotati~ ~-. ~1Ator~, th~ reaDoa . . 

.• . 
. . 

tul:Nttitu:Uea co.aMator• of the tne 4e .. r1llell, ·• pi'O•ie1CM 1• IUd.e 

trw tae1r aD«1ll•r 41 -.pla.,...Jit •l.:rl~ the eou'PM. at ~ctpJaeriDB a 

pla:bl-test .. e.age., the. renl. Un,g o.lpheJ' ten wUl ,_ ·"'Iccfte&l'tl)tat.tt• 
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in ch~racter ; tn~t 1•, onl1 one subB\ituti~a alphabet will haTe beea 

u.aed iD the eutire eno1pheroeAt. It ~• Jtell-know:n. that auch llOllO-

' . . 
or •on of the ftbsti"\u.U<m eoseu1ators an rotated a\ep b' step •1-

tl\e eaeiphermeat or deeip.berant or ea.cb let.ter, but 1• a rf!'tular u4/ or 

.-tar-like .anaer. 'Such cipher MChines ~TO Tide • conaidera'ble 1Mre&ft . 

. i:a Cr)lptogr&pbie M~ouru., ( 'thtlt h. reet."~tt•EOC• to cryp'ieal7•1a) o.ar-

tion commutators tRkea place, but still not su!Cicient to insure praetleal 

t:a4eer)ptabil1t1 tor crntograms -,reduced. 'b7 their uee. 'fhh h 'beea!lft 

the latitude of Yariabtlit, ~!tered b1 tbe ~bs\ttutioa co.mutator ttm-

plaeement meob&nhs ia lim.i~ and all fo~ .. thereof nmy le reR.dill' re-

o.cestructed from e. k\Odel of tb~ ci:pbar ma.ebi.ne. · 

It h an obJect ~r this itnen tlon to pro_Tide a •aae or 

effect~ tbe angul&r ~isplaeeM6n't or rotatioa ot the su~lt1~ut1oR oa.-
, ' ' 

-.uta.tora 1n an 1rngW.ar. eempletel)' apertodte 11a.11ner. 1he~b~ gyeat-17 

incr.adng the reda~o.e to cr;'ptan&l~ete ot cr,ptograaa encipbertt4 b7 

A bf.l.eic te-atura cf tl'.a lnveation it' the proY1slon '}f metho4a 
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c~•~ora 'b:; 81..-tricat cir-eul'h •hl.cll also 'PJ'e• t.broUF,h !"0'-•* · 
•~ta:tor•• ~ te:1ter t•• •oQ'\1'\\\U. b. .etr.ec'- '11 ~"'ten fel' 

t~ cent:rol trf ~ ~1~ caOHtda-twal tor au. or or."Y1t7 ...­

elN'iQ u O..•cri'J'itoa. ~~tore pe~tec tala roaeuon of o-
- -

troll inc- 11u.lt•tHut ioll- .-u. ..... will bereiaafter be -~•ignated. elllfl7 
. ' ' . 

lnnnUoa will.:be deeorile4.. - At thia po1at. 1' will --~ })e taec\1ft8C. 

'\bat the oontNl eOIIIIIIIdatera liii&J fo._ aD iaUpelldet\\- uit p)qe!cal~ 

•pa.nM troa·De a&aUtutt.u. o~~a\ora l'u'\ al~trtcall.J unoia'M« 

w1'~ the latter 1 it te poa~1\lle .• lulwner, to Make eae ~d the ei!Ua .. t. 

au'\a~~r-,_ tber• being pro¥tted aa.oc1ate4 _MUG deoiped .to keep tbe oat­

t.rol tunction~ eleetricallr' .. parate froa the aubet1iution ~~~ •• 
; 

•dea ot OJ)ftt'&t\oa ot '\he ~ioue for..- are explaillltd in tbla fP"lt~a. 

tin. iA detail Bti!fio1at tor H~~Pr•l!.e.aaJ.• ~- :t.Aoee atillM J.D· tlae art. 

The ..-wlauU•n le..,. in "OilDeCtien wftll. -~ "eCOctJMUlJi~_d.raw!-.•, 

:Pta. 1 Is a eobi.a~1e itt~ ot •• t.ifl!.ple ertbod-!men1i ta 

wbloh thate is ~-a tt!"n •·-t O'E COllin.~ \on fo-f J~trtonaiac: aubltt1 .. 

i.ut!Oil f'allietlone and a aeoou eat ot s01111!JW'ha1 'lf"r.Ytmtl, eo.,\:ructetl . 

~ton f'or pert-ol'ld .. ooatrol runetiOtUt.~ ~ wt'Ul the anoe1ated 

oireaUs a.M 6011'\aottt for -prcper crp~ra•ioa o! tl\6 S.I".JPtograpb ; 

fle. I 1 s l'l oober.\A. t 1 ~- d te.grAM of ~;o .n o~ ' .• ,...-..~.r• ' 
also 4"1gnG4 tot' pertomtng CM\rol ·rlUlct ioaa 'but-ill 11~...., toa• 

'· -
~ eu "'on •" •11l11U" in eoutruot1n ~o the n.ltatU~ioa ~~tatora. 1 

' 
... '•__.,:,_. 

'" 
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,... : 1• a. -~~lo 41..,-r• or &o•.her ftllodlaent in •Moll a· 
·~~· .n of dauble-1'1.._, o._.u\~r• ot aowl t'lOndtwt'Uoa perto.- · 

-..o-. r..tt9a• ot n'Mtf,htlon and .ooawol ; 

-fJ«. I le a •o._t1e ~u~- ot ect'\her eBiaol'flaat 1n utah • 

aet of douhle-rlna -..r.tator• ie arraap4 •Uh &81t00f&t.e4 •tto•tltC' 

wttbout thl uee o~ a re1er•1og c~tAto~ a 

. . 
Y!~;. 6 11 a eohe-!Hlt~c 4t8EI'e~& ot ~t.aotber •bodtMDt Ia Whlcll 

; ~ I 

1PlJIBle-r1n& c-..ta\ora aft .... for ,~1. 'PV'P;ftH, oae 008111l'\ator 

lteiftC & H'fttl"~iag COIS'lnlt"~ J .... 

thOWD in ~. I. 

leter~1n« now epec1f1call1 to F~. 1~·•1e.ante 4ea~te4 '.f 

t~ aaa\era 1 to '• inal~at~. are .. \afJtattoa ea.Mat~tor• ot ~ 

no~ 't1JNI iM!reta'NtoM 4ettfttlle4;· SA ntch there la a alacle r1JW, or twent.Y• 

afZ~·~ coatac1a a Meb rue, t"- o~ntlt.cta Gil GrJe !no~ l)elDf OO&Meted. 
. . 

1rr~lRrl1 to tbe Cont~cto o• tbe o~~er faee. O~~tor 8 ie ~l•o 
. ' ' 

. . 
• au~rltt"~;.Uon oa.ntator, tmt cHttere froa· tlae ethere ta 'itlat aalJ' 

... r~c• ot the oo.a.tll\tor 'bear• ~ l"1ftc fit ~.-at •• '" l.a~ir .... 

., 

,, 
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aeinc tntereanaected 1r~arl7 ta ,.Irs. A c~~·n~ entering· one 

contact or the eing~~ r1q .r o~Jlt.aate 1• mere~ carrie! a~ Ita in­

roa•et OOnduc tor to e-. 0,~ .. teet. froa which 1't; .. ,.... ft'OII . •' 

'\he o-.naiol'. lll other wort• ~H <nlrrent enter• tbe ooaut&tor 

at oaa ooDtlt.c\ aacl -~ ....... it at -.otberi i»D the 1a.nte f'&ee of tile' 

c-..Rator. 'lbie h a •-.utator of t!ae tnte 1'81~ to 11.bo..e u a 

. rewr•·~JC oo..tatl;l:r. C.,..-uutore '• ., a~t.4 e an oontrol coiaauwn 
. . 

of wbich T and 8 are •istilar ln prtnelple to 8'1lbettt1l\1n C:OIIIInlta- · 
.. 

tor• l to 4, except th~t th•J ha?e onl7 etx 'cont&ete ta.\ea4 ot t•en~ 

ei~ 1~ a 1'1• on eaoh fe.ce; co..ut~:to1· 6 i8 a reYersin« c~tOJ' 

and 1e alailar i:n pr1JSC1ple to re'fer•ia.t ·CHIIIIM..ta.tor 151t except thl'l.t 1t 

has onl,- six c.ontaeta inetead of tweat,...t%. 

. . 

'the snbetl tu·Uon. o~ta.tore ate ...-ted._ upon ft. ootiiiOil •h&f't 
. . 

20 uyx>n which the1 •1 M lJldepead.enUy aag.larly 4iaplaced stepwi• 

1/26 ot ~ re'folutton. let.eea t1xed end plate 301 and bearlnt plate 

,. 

tMte or conduc\ort •tt~ta 1 t. '!1te ctc.~&U.tor• are Mpara.te& \t tt'D4 

plate•·IO&, et. ~Of • .ad 301 wh1~)1, MaJ. I' !lip of tweHt1-riJt 801l't&ne 

_.tta~lJ 41.,•..C tor bridg~ ~tween an~ceaai .. '~tatora. 1a or48r 

to ~roT14e for eleotrlcal continuity fl"Qa eae c~atoT to ite nes\ 

af.JaceJtt oae. !'he acmtae'l• 111 the .. npN'!LtGr plate• ·•• \all-"Marl-s 

IJl"biC ... tac-t• Uft'\!JI.I ftltia181d 'outnrl pre•.U. to tturu.re pod coD-

tMi. !he oaotrol ea.nta:tore nre aountad upo1:l the •• ~on eba n 20 

upon which 'he~ •~1 11k .. 1ee.-. ~~rly displaced at.,-~ ~6 or a 

NYOlutlon, lletweE':n fiXed en4 'Jl&te 304 R.nd ltea.ri.ng pl&"H 101 •. tbe 

latter MrYlna ..erel7 u a. ntai:D1DC plate. ._.JW.ls 3'ot 1\ftt -no ...... 
~te ..,arator• •im11~r in cen,t~tioa and funoitoa' -. .. P*rator• 

• 
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~GI to 301, a:cept. '\M.t. t 1leJ han rlll&'t ot 1ftlt ti;lt OOD'\ae'\.. lfbe 

~lea o~ the ~ oo•tJ"al ••• a\ator• i.t -~r-lDe. o...U.Wl- t 
- ea 

'M1DC ~ 1;\._ of a rewlv.tioJt tor -.ell o~racterjo·i~--. c.-
. ~ )" 

aata.\or f llreiC aeftd l./1 ot a ft11Dlllt1em ,d -.pl.- re..olu.tt• _ 

of e--.ta\~ a.:-' 8\d c~\a'lor- 6 'Mi81 Jl0-.4 _1/6 o:t a re1011&\~u 1'81' 

OOIQilete. rewolu.\loa o_r .co~\~~~ tor 7. 'l'bls nt of thrft oa Atlt.1ol"'t baa 

a OOIIPl•te per1o4 (retuna to aa iai'\ta).. JIO•tUoa) ~ 216 t tba• la_. 

at\u !16 eharac\ore ba'M 'Mea eaeiphend or teeiptaeret 't~ oo.ate.ton 

te~ t• 'heir i»ltial rel~ti._ rotP.tor, joeltt•••· ~ ~aua t~ 

-o•1nc \ben ca.ntatore will 1te descrlbe4 'J)reMnUJ. · !be -uaaerale 

'• 10. 11., 12. and l~ «••lgDAte ~~·~.here te~ . .-~e~tt-*i.a­

ct_,.u."hr •l_,.r Meil•·h,. wJltch neo •u•1.H4, 4o\era1• wblcb fit 
. . 

~· ~eUtuttoa -~swr• 1, z. 3, 4 &tl4 e ~re augu!A-rl7 diEt-plaotut, 
. . 

. . 
etta• b)' aeting 41reotl,y on the c~t&_tore •r bJ nleaaSJ¥; Ml aetua,._ 

1..,-.-baat• whidla aote 4ireetJ.7 oa ~e o~t&tori. -ral,a 1-& _. 
. . 

, ....... 

turpa or ~1• for .,.U.tbw a )rillttJ.c ae9aah•. •uoh ia410aUJC 

.... , •• 'being ~11 nO.& ta the an~ lae)l l~~uoat~ 4e•t• ~·:pen4• 

to a lat:ter ot the lltcltth a.tpb&llet. "-rat• 11 ui4 lt cleatpaw '" 

et a ••' ot wnt,._.u etcl...,pol•• cloa~le-tllnw •Uoh ~-r• OJOraW 

'!'he •:bos.r6 it alto pf'o1'1dd wit\ 
t. '' 

& 111111 urn). 'k.r. 44. W)ltch ooatrola Wl Wlil le~l" lf;. the f'wtat 1 ... Of wh1~1 
•~ ll H a•eeribet 1•\er. &Dd lt aho eontrol• ntt.la leftr llY aa4 coataet 

~. wbich coatrol .-gaet 31, t~ latter aarYiQ« \o di.,lace oa..a,_~ I 

OM net ptr ctepreaeton ot uq :t., ot tJle kt7...,...... 'lha O~J' a· 

t 
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. ' . 

....,.n u. tM latter •r•1n« to 4111!'1-..- ..,._tfl.tv Y ene step . 

pel" 6 depreesl<m• of OJ• oa the h1\ou-4• . w-. e~t"-tor 'f 

'~• th6 _latter Hr1'1:n«" to d1Qlar.e ~~t.tor t. oms step. per t;rentt-•ia 

'-PH•etou or \be n1• ot the ke1-bl.ari·. Ocmtaote 32 and 3( .,.. .... ,.,..,_, 

e4 \,1 J"•llM"t -n eprtBg lMrs. ifM• J:'Ol1•J>• llon.llJ" rtcle. "PPOl \Ia 
- ' 

peri-,Mri•• ot-o-.tatore ·' aa<l •• 'but at • mtatn pct1nt on. el\e)l eo.iautor 
' . ' 

there 1• A t~a.~r.t •lot ~h1oh allow• ... roller to 4~ watt1o1~\lr 

"o •loae the coJ'ltact ooace~. Of C01U' ... the.• t~ ~--.:tatore 

oou.l4 1\e 4ltrnlace4 sneehanie.•ll-1. l»J Maaa 1tf ft.tehe\a ..a. ~le aat 

tUrect control trora the at•erpl bl9.r ot UHt ltqltoard. f'o ·the- rt&flt 

la r~.s. 1 ia ahotm an end Jlda ele•ttu at tu .. encl pb.te SO. wht•Jt. 
. ' 

a4Joiaa eonirol c..-~tol" I on the exit taee of the e--.tator. !M 

whole Uae• 1h011 \he colldlloton lea4l»« ..W.., tn. 'lM ellr coab.cta on U. 

rl&b' •14e or the end plat. 10&: tlle dott.4 U._. ..,_ 'b cQ~~• 

leacUJJA" h• 1u l•t• dt!e ot .... Jlat4t 106 a.O: -~-utor e. 
' ~ 

lla•tac .. pt.nlhlar Nte...m.ee '- ~tf:. ·1, .. ttb a .1 .. 

to «1 dDC a e-..1•'• 6eecrtpttoa of the aoU• ot '\llla tora ot the ta.-.. 

'\ion, the ••qu.noe ot .,....'- wh$.cb tru.•pire · «vriac the eae1~at ot 

\he plau.-•n lnter• •111 \it l'elated tn detaU. 1.- otdal' '• ac.tpM-• 

a •a-ce, 11 1a neo•••1'7 th·at -.o 110\mt ·the ~tfltor1fliPOJl 'he a-rt 

a"ordi..- to e-Me prear-Z'CLIIgM order, tt being onioua tn,.:\ co-'ollltft'tl 

10 
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1~ 2, ~i. anA 4 -., ... tateroba:Jt8M 1s poaitioa 8llO.ftg theaeel ... •• u4-

co•nutatore 7 and t •• lMt tn·e~J oa.-tf\tor• 6 Mc1 6 ... , 

and oaruaot be nplAe-84 01 tile other eOIIillllt"tor• or lQ' .-ch other. 

Ne:rl it l• •oe••ey to alig~~ the HYer.t eo..u~"wn. ae regf\~ 

thelr rel&tiYe zotator,r pQ•1t1oaa .,OA the abatt. ecoordi~ te a pre­

a~- 11:81'• U1er ldl tll,la a. 'Men acf1011plilhe4, •1• pOWer •itob 

· S6 ta oleeed. •tttua 'f.tp a eiteul" u t•u-.. s l'ro. l!latteq 1.6 to ciMt14 

•Uoll 16. oonduetor et.,. oenh.et l~.er _1~. al,oee4 ~•taot IJ.. eon4uctor 

t6. eoiRaot 2? on the_ ttu4 •DCl plate 304, into-. thro~, aad out ot 

the -.oatzool ...... \Or llait Yia '\b* J'OUte \Uo~ a. 310, 'f';- S09., 

'• zot, '· s10. e ae ta41eata4_to_oon~\·28, \heDol aleas cond~ter 

S8 \o aeleo•or J~APet' 10• Oond'ClO'tOI' ,, and -llact- tO -\taJ'7 1'• When ....... 

10 1• ..-tar1l1 eu:rs1..a it caaH• 111J.l)atittd1ta COINI!Utif\tor 4 to M 

4hplan4 aacularl,. 'J»"OU«h l/!6\11 ot a re..-oluti~~ fte -.hiM 1• .... 

"naQ tor enoipJterlng. It the l•tter A 1• to ie- ._ipbeNd. the kjz 

oorr··•!"oa41JJ« thereto h cle'pne~. Ai '\he bet;iaalC .t U• ~ownwftr4 _ 

_ ba,.l the uni'fernl baJ' 4t .cau.t• CBntac1 lewr- l? \e., ... -7 troa _ 
- -

'bati&I'J ll &"long coaclliC'or 23 to el~Hd coatfto.t 22. oon't&ct 1••~ 18 aD4 

ooa4UD1or U '\o. a COAtaot at 1ft erl4. pla-k SOl_ ... l.O.••· int-o .Watt tuifa­

oo.mta tor 1. tbr&:Nch the oo.n,tatora and NPf\rWttOI'» 1. 106,. 2~ 10.. ~~ 30'1'. 

ll 
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1a4le•tinB «e•iee lf,, wb.1ch ia thb 4r•in& eer~q,Oab \o tu letter 

Q, -.oa4uc\or .U, u4 ba.ck to ba\\~ry 16. At the en4 o( t~ 4~rl 

11ra'1'el ot '\he unt•er-.1 bar 44, th• l&.tier ..,-.e• Wit.eh le'Mr llT 

•nd ClOHI e~atsct U• M1Hnt&ril1 cl•tiJJI; "':.he ctreuit for eaerglsbC 

~et ~1. !hie cauvee ~oatrol ~OIM!'j:ta•~r ~ to 0. ~1arl7 dh1Jlaoe4 

~bro-acb 1/6 of a re'fOhtUen. I':M:a k•J A itt rel•M4. tbe un1:nral bar 

lewr l'r re~ to cont.c' 21. reeatantehiag \be •ti'O'rllt h'oa •'\•7 1.6. 

•1~ H.- le-.v lf,. eoll't~ !1. eondv.etor 26 w na.tao"\ 2? of flset •• 

pl&"t$ so. .. _ au. to ,,_ a.ncuJ.ar dieplaceM!lt ·ot coaU'Ol cc.au·tt.wr 8 U. 

ourreat will .,. tH.ftrn a new .-~ 'tll:rough. \M e~•trol .nit and 'Mot to 

aoae other eontact et e4 pl&te SOi tl"'Ol wbenoe it..,.. .... through e:ae of 

\he selector -.g:net• ! - 11,. to bt\iit.~q 16. on.-wt~111C oee c1 tma -.u\etitu'\iott 

c~\ore to 'M tli~laoe4,. alld thlls pro'f14ing a IW1f ·at.•tUutioe alph&lMat 

'fhe ~i'llllering operation o! \hie •chiM 1e tllle Sf\mt d \"M 

euc~pbering ope~atioa. ~ eaciPbering-4eCt~~iDg ~lationahip bein« ~ 
I 

nate& re61proeal. Ia M'tttac the MCh1• t'or- t.ei:plt.er1n.g., '\he .... .,r~ 

•" 

edura. 1• !ellowecl a• ror eaot)Uri~~& ; that . .1•·· 'the OO.W.tll\tOl"a an 

Ul'U@e41 u.4: -a.U.P'84-a.t tu 'bnoh -~ a.o:oot"4tng to tt.e praar-r&Dp4 ke7 
' ' 

ao4 -~ch S 18 cl•••· whel9tl\'ea nl>•U tu·uu c~a-tor -& is ~&r17 

t1.,l~ &a bere1~~rere 4•&0ri~e4. !be k«' _corre•poa41nc to the cipher 

let'~ Q. 1• &epre•H4, u1:e:b e&1lH8 eontaot le-.ei lt to br8U ooatae\ 
-~ l r! 1 

I ' 
/~ i . ; 

I 

ll 
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1),i 
I 

"· I 

I ('· 
' •"I 

.' } 
I K I . 

,.. a~ ,., fU\d to aRb eoatac' ai U caust-. nno*t to- tlow rn• atteq 
i \ 

j( 16 th~ eofttti:aetor .-a. .. ·el&M4 ecm't&C'\ u-. e..-ot l.~wr l9 ta4 

I 
/i o~JS4uet-or 25 to e~:ta.c-t ~ op ed 'pl~t• ~1 ot the nbstitu.U• 

,'t 'i 
' ' 

eOIIsn.V.tot' -.It. 'fhe ~"*" panes 1llto arul thro'Wb \he latt.ef' •l•m« 

oa* f*Ul and retutn• aloogo a11other patb &. 4e•crr~ lle.to.-. t n tt~Urf:e• 

at oOIRact 29 on eD4 pla-te Jel -.nd flow .alone CODih:c'\er U te contfl.C'\ 

lew,r 11, c1 ... 4 ccmtaet "• to 1n4ie& ting tl••Ie~e 15,. · wbte!t cornns'pCIM!la 

w \•e le\ter A. 'ftte u1 Yt:r-s&l b&r .w.. -.peraW ~ tU de»reu1oa of tile 

l:q "orreepontH~ to the lett~r ·Q elo•-·• oont«et 46 at the _.·of Ua 

hJ oGrJ"Cqoftd1~ '*o the le·uer Q b released,. tllie lmiYersai 'bu" 46-

retll1"111J to 1 ta nO'l'Ul poet"ioll, caueil¥ eontaet le-.er.lY -,. reutal>lhh 

contact at. !1 '\Jl.ere1lpoa CaHbB a n.batltatton co.autl!tol' to .o• .torwart.t 

•• deweribH.. 

I:a Pig. 1 tbe control eO!RlG.ia'tor~ w-e" p.roYldd 'irl '\h r l.JJ«S ot W.t 

eu cGJlt.e't surtaoe• oil -eaola face, whereu ae eu"bstUuiioa. . .o.n.-ta'te:re 

were JrOrtde4 with r1Jirt-' ot W..t}'-elx eontaet aurfa#ea. 'there te. how...,.r. 

Jte reaer~o.n WbJ' the eubati•,u\ion. t.D4 the con'"l ~tators •he1ild not be 

14ent1oal 1n thi• r~•~ ~bu• pro•i4ir~ top·(be~r 1Dterabange&'1~'J aD& 

crea:U7 increadng '\M ke,yiag JO•dbil1ttee or tbe VJ'P~ph • 

. 
, eoaimt-atora 6,. '·· 8 DOW ~ear l'ingS Of' twent;r••Js _Ccm:tut• 11Uite&4 ef 

v 
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- '. 

. -
rf.DS"e of 0'1117 lb OOD't.OW• Contact Cf ..._,&ln:1 a •1~e CQfl~\ fo.-

1h-e utraaoe or tbe ctur~A'\ bto the. c•~•l e~\dor• l ... Yiq 

W.U~~tt:we oor.te.e\e n •n4 plate 304 f()t' the. eM:r~ Qt 'the ~.,. 

tr• 1oM- co.atrol .OMll't&W!' 8 • !liaR_ t-.·aot7-t1Te eon"tMte a.re ..... 

J41-". 1Ji tift .. ._. G.t tiw aoatuta e&eb., to the n~ coM.o.c~OD-

()tJ)ar sl'OUPiG.• 1a ;Nepect -.o 'tbe *-"-H 
' . .. . -

ar.~ 'iq.uUtiee ot e-~ac1.e co-.neti~utiq.g a.cll ~r th~ f'in ~oap• -t 

.._._. -,referable, or thi• •1 be nbJeet •o -.utati~a. 80CI)lt41JI8 _ t.• ._ ke}. 

. . ~ .• 

l£e7:log 1aPQ.J.~•u~ watc:Jr wUl. »ot H«ln to repMt '88\11 coJJt~l __ ~.-uta toe' 

t-u• .;.~ • O()IWP,let• r~l'llt~~· or aft-.~ • x 26 x !6 : _lf.S?' 

. ~h11me O! 'tbe O:h'eteal b.rt' CO-!'l"'$fllOIW.Hi!g to the eDCiPKtnMKt't · 

o~ .r&otl7 lT.!?6 le\t•~• ot plain-ta~t. ~ to the irre~•r ..an•r 

in -.b-leb Uae intena&l co~Uoraa •f' tae~coat.rol co1n11.'ktor. -az.oe ~• •. 

tM Alldi\utJ.OA c-.at*t.t•·•lli' 'be -tWH. u'· rotata thro=\tch ~ 
T ' _., ~ 

. - . 
az-cl•_•. 8IJ 'ijat •h•n tlMr ~ e~l•· of tH ooJttrol c~'\a.~ ,.l\ . . -

1• ~- -.~• al~t fit--. ..b.h\itutiO'ft 11:.M..rta-k.rs .. ui ~iftu tna 

_ 1-M 1&Ulal. •u.-.•~~ 4•· a ~..iq~l1es •t ~is lleW al.~ t¥t ihe 

r11"t1 tutt<a ~a'Cn• ~ pulod ·or 'the ...-nee 'or MlecJ10Jt flf · 
- . 

nb•UntJbl). &l.JIMM'\.W •il:l -.. cnateT th:m 17~76 D.J .., .. alU)tle 
-. 

' . . 
ot '\h*\ ~er, UMnf.1ltC; ..-pea •~• 'W1rbc -e1" 'lhf._ erie OODU'ol OOMillta'•• . . 

~n4 tb• ~tAMer in wbtc1l}" cetac1t ct-~ ~~-~ 104 are <:.ouectad :to 

*· •leo,.kor ~t&. ~1• ~t.ih.tion pci~lo4 ~· ~u.!.t~, ~· ot tre­

..Wft•l~.' 

14 
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~tw•en this fora an4 \!;la t1rn 4eecrt bed fol'll 11n u tlw! utllh&Uoa 

'\U\U a.nd ~• ,. eoatr-cl ~oa.atAwr unit. th• _'l•o t'1laeUona beinp,- pertoi'SM 

~ 1114epender.t, conee:,rie riltc• Ot con'b.eu bone • the uae e-.a.tdore. 

~A :Ptg •. " tMre is •'bc>wa a. ~tide ~1• or. ORe sue~ ~tator. Ia thi• 
' ,-

1M1cateA ._7 ll'Gaeral a are shown •. M~ a eoncentria t.naor riJJC al•o of 

t1Na.t7-•l% eqnto. \stant con~h of whicb oaly a.lz l:Ac.UoAte4 'Q ....-al 
.- ' ~ 

•t are shown. 'l1te eoata•t• 48 ot "the CMter r1ag ou o-a fa.ce r.rs irncul&r}7 

on the other race. 8illilarl7 the con1~•• 49 ot ·the inner ring on OM t.ea 

are in..,U.a.rl1 ocmnected lJ7. iun.l-.te4 c~ductora lE-~ '\o tne· o-on~ota 14.1 

<d the iuer ring ou the o\her t:tM £>t the c-...\a"tor. The two riaga 

are ~eref~r. entirely 1ad•tert4ent or e~eh other. tho~b tba7 a~e both 

earrie4. on the •~'~me ~tt.tflto~. Cn~Blft' r' tor a of thit t1pe will herein!ll!\er 

15 
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. . 
tale separRtorl ao :'hat ,.autw •leo\Moal caatact ma~ be llfl.cle bet-. 

a4Join111f: OOlM'Ilt&tore and 81pa.r&ton and •••• .-mtator 101 aa4 

•d. plate 2101.. J.. 11de eleYAtiou of en4 p~te ZOl lB 48J)iCWd n.t the 

left in Pi£ure s. ahowiftC the connectiou lte1JHen the contActs thereoa 

and the selector 118CM'k t. 10. 11. 12. a .. 13 • '!M dotted 11M t:br011Sb 

the c--.t,.:ton 101 to 10! 1ad.loate~ thl path ot the O'U.J"ND\ throup 
-

the irmeJ' r1~ of COJttaete whlle the ooat1:a110u llae •*• tbe J>a'\11 

thr~b the onter r111g" o~ OOiliM"*• 

!be seq'\18nce Clf ewnta du.:riug t!Je enciphormcnt of R letter 

1a aa :f'ellawa a Whe Mill twi-tch 36 iB closed, Rt the commencement or 

opera.ti~,. a circuit 11 •t vp aa f'oll•• a ;'J'Qa bnttel')- 16 tllro\1£)1 

otoaed •1• ftitoh ss. eond\latcu.• 51• Mntaot leftr 11. closed contn.ct 

&1. eo:atUDtv 26. !lmer-riJJB contact 127 o~ end plate 301. into e~t,.tC!'s 

101 to 101 eel cru'\ of ta. aloJW ~oDil-1188 path to anothd:r 1mwr-r1XIC 

o.•·h.ot 128 of eDCl plate ZOl. theaoe alozw OOD41:14tor ~a, '\hro-ucll Mlector 

· ~~&gUt 1o-, &1011« eoa411C\o~ 41, 'back to \l&'t•17 16. lrben eelec\el' .-gnet 

10 ie aa.eat~rll) eaergisad 1t cRuaee co~ut~tor lO'v to -. angulftrlJ 

tlaplaced 1/26 ar ·• re1'olu:t1oa, tlma nttin« =tp a patb thro'QIIl \be oo..u-... 

tort fer ttft('!lphel'i~ the tiret le\'\e~. A7 letter A. ~ ke7 A t.e depua-

•d• u1wr~~Al hi' U 11 caused to~" downward,. ••1rag ~ontae' lewr 11 

awa7 :f'rma contu'\ 21 M4 "llawilf« avren-. to pue tr011 ltA\"tei'J 11 ~leas 

eonduotor 23• thrn'Uf"h oloee4 contact 22, ccnrtac\ le-.er 11. conttac'lM" u. 

outer-t"lJ'IC con.tA.et 29 ot end plate 301, 1Jlto the o~utore tkr<nre:h whlah 

lt folla.s the ccnttnuotts line A.n4 returns ..-ta outer-rlDC contact 50 or and 
., 

plate 301• oonductor 2f, co~tact lever 19, closed Oafttaet 47 to 1Dd1n~t1ng 

deTice 14, conductor <&3 and bf!.ck to bntte17 1'1. l\tte.r the lttttflr Q 40'i're ... 

11 
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ltreaka oontact at 22, a.t tbe -• time allowlac ualwreal 'bar U to 
' . 

nor.al poeltton cont-c\ •t 1• clo-.4 rea.~a.bllab~ a o1rcult tftreulb ~· 

i.DUI'-1"1JIC COJltac-te ot 1.he e~tatcu·.. Btlt c--.utator 104. ne•tr~t '"* 
4i.epls.ce4 on aaUz-.17 .-.Pill thi"'V«h tile O"-.atator• 1• now ••.11--­
for ._.lpbertrw tblt letur '• if lt 1• «.gain "\• M ce~t~. 

fte U.1pHNent ~ '\M let-ter- Q tlillea place ta • ....t.­

_... -.mte!'. 'fbe'-.oM• bt.•1DC......_ tent._ the a.. \be olo•llle •t 

•.S.• ..-1 toll K •• llefore oau ... a eunent to tlw throa,gh 0118 ot tile 
' I 

~1'-1'1116 coo:tacta 'to Ml•tor a"8flet 10, ao'W'l._ co.~G.t~tor 10$ cme 
f 

, 'at.P forward. Depre~•1on of ke1 ~ eet~bl1ahes a etrc~it a~ follow• : 

t-f:a,.._. line into, thi'O'IIgb aD4 back th~ the o-..itat~n·a, ..-nt!Ctwtat 

01Rer-r1ng oontaet 29 • conctuctor 24. ·c•""'" lewzo 11. cloe•d c.on~ 

...._ to ltAtter.J li. lihft by ' it releaM4, uai'Mntll N.r 44 retunw te 

i tl no%WI&l poai tton a.nd apiA • ai.reul t ta estsbli l!W l:taroueh the 1Jmtttll-

1'1.,g oontacte ot the ~ta.tor.-. lhl' at.aoe -.·tator 101 baa ben dtepl.e.t.. 

a _.. Jll\h la uw &Yaila'ble tM aclphariq the le•ter Q lf the Q. ke,- 1• a~le 

4apretn4. 

the ptu·1o4 ot the f:Gq11ence of a.l.ph~ibet aeleettoa pretuae&l bJ tllia 

anangeman' 11 w.rlable aM "Will depeDil llpoft four "fBl"iAl)le f .. ,Ora. ll8llll.J 

(lJ thO. wiriQg or t.ha ieactr !'lnj;.t of eoat&C'ta or the 4cuble-r1r.s eo-h tor•J 

17 
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(2) the hori~ontal penm:~atio~ of 'these C08Ul~atore on the sbatt ; 

(:31 '\he aligmaent of the oe..u.tawr• and (.ft) · tbe ~r in which the 

inner ring of c-ontacts on and plate 301 are connected iio the selector 

magnets. 

ln Jig. 8 'the inTention as regards double-ring COII!RUU!tora 

to per!ora substitution and control tunctions is embodied tn a er,r.pto-

grapll o! the !ir11t categor'7 as ltria.fly de8cribed tn general tars .. in the 

tlrst part of tbia specification. It will be recalled that in eryptograpka 

ot tbie ea-tegor7~ there are two e~ plates of i~entioal construction and a 

reTers~ ewitch which, when.$et in the encipheTing posi~ion, cODB&ote the 

ewUches ot the ka;r-board to the contac'\e of one of the en4 plates, ea;r · 

the r~t-end·plate. and the indicating deTicea are connec'\ed to the contaet• 

of the other end plate, say the left-end plate ; whil~ when sat i~ the de-

oipheri~ position, the reTersiug switch re~rses the order of connections 

'bet_ween tbe switches O't the ke;rboard, contaots o~ tbe end platee, &nd tbs 

indicating deTices, so thAt the keybo~rd 8Witehea are now conaeoted to tbe 

left-end plate &nd the indicatin« deTic•• are. conneete.d to the right end 

plate. 

Accordtngl7 in Fig. S \here is sho.a a ke7board 52, a 

bank ot tadic&ting deTicea 53, a lett end plate 301, a right end plate $02, 
. . 

and a reTersing switch 54, toge~her with other parte ho•ologoua to thoae'shown 

in tbe preceding figures. Onl7 certain ot the ke711 ~1 tbe ke7board and 

certain of the ind~cating de~i~e• of tbe bank or indicating device• are 

shown in circuit relationship, it being understood .. that the remaining key• 

and indieati'og devicea are ootmected 1n ho.olcgous -.nner. 

18 
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u.-.1atc' tbat ~. ~ 1e te ·~ Qeft\\84 to• eaot~ 
' ' ' 

tile ft1 toh 01. 1e ... to aet,.rtJS£ P"f'tlea.. wllleh ar~e tor e'.raatt ' 
- ' 

coet~u1t, ~ODe ~M oonU.JI\loua u.-. '' w M •. 'fU •tn Mri.telt .. f...i 
aow clo-.4 -.d a c1~1i 1• ••tab11•ba4 •• followa 1 ~•ter7 16. el..-1 · 

.S.'* J&• OB_aSU~D1or u. atwz-eal ._._ .. ueh leftl' ~'· e-lOIMNI OiHI~ 21. 

cendne'\or 26. inaer-rlnc ooc'tact 1~' 0~ l'ipt end. \)1&~ 102, thft .... 
- L . -

tM .-tater '181J.'l• u 1Da4tr-rbl• ooa\aet 111 of lei' at plale *• 
...._tors. eeleo-tor- ...,.t 10. eond.'QOtor U lNIU to "ba'\ter, 16. 0... .-
wata~r 104 1• -.uarl,J 41•plac.4 one et•'f•- hJ A ta now apnn:e&• 

,_ ell'ftl\ t~I'0\1Ch \1\e taMr-r1nc ot oo•V.O'- ot '\lie •~takn bMW 

--..--. aa ual 'Rre&l ~ 44 llr\IJak• 'Uae _.,._.'\ a\ 11. .U. tl!le .... U• & 

e1nau 1a ••talQ1ah6d tllrftch \be ouur-HJtC ot eoatan-a ot _the ca.-· 

au\aton •• tollowe • Jatqr71611 oloHC\ .-tteb- ~~. ca4•tor H 11 oontaet 
. . 

ln. .. 11 opers te4 lt7 U, A. eloee« oaa~ aa.. conbno.- M,. 'tbrncb 

~ NWI"'IIJaliC nttab M fil.oltg eollcluctor !&11 oontuetor 2!4. o'llt•r-r1ac 

•atact 19 o~ rtch' ellllt plate 102. into aZII4 WI~ ---tatora 1~. lM. 103, 
. ~ ·-

J ' r ' 

lOS. 101. ~1& \betr out.rc-ri.Dc ooa~•. u ou\er-rlac -.ontac'- 22t •t 1-en 

tat plau =en, 01la4•tor 241 to the r•"-r.1AC •1t~b M throl\!h the ·tat•r 

&l.o• coft41lo~or 68• 'beaee &lOll« aO'Ilh.etor ~. 1nd1ea'tbl« 4edee 1~ .. eor­

respoD41ng to t ··e letter _Q. conductor 4$ to '-t ~r7 16. ?bttn ke~ A ta 
' ' 

nleue4, ul "'e-r.al lk\r 4.fr N~e to 1 t• 110~1 pori t loa, M4let&ld.111bt.ng 

eoauct at 21. leal• a cntrnn\ n.•• t.u-o.p-· the tmaer rirJ« oontao'ta ot 

the cu .. atatgra, •~J'tert-.r e.t oont~t a ht ~ -rein« &t .,.__ oonts.et 

etbe:r tban 121 OJl lett en4 plftte SOl. ·~ ••rta.w~ 106 •• -.. tie-. ' 

'Placect. A .elector ~~~~gnet ta··•n•rctse&,. and a .lin .,.~ ltt eet -. tor the 

,. ..... of ,..._ ._t 'UCti:»A•ra.- current ·l_t .& . 1• -..~.a 4epn ...... 

_./ 

lt 
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la order to ettee' ctMlpunaent. -~, _,.Wl'f!Uttr swUcb M tllari 

"- .-ri for •• 1lecipke1'1JC' ,......_loa. 'lhla o•ee• ttte J*tlia t.hT~ ._ 

rner•tng· nUch 54 to fellOW al~ the 4o,te4 l1Jte.• l!dtea4 ..r aleg '\be 

onti-.ou linea. 'l'lae opeht10JI ~iatelJ' _.....,._, to •1•UJIC -.1& 

•tt.4 36 1• uw aact~. i• ~e se be.to~e, when \he enc:l)abe~t' 'Of letter 

·A -.. ueori"oed.. 'l'l:lh te "Moauae the ciro11Ue to. the selMWJ- ..,...,. &n 

_...,.:laWd. with '\he iJiaer-rtng oontao'ia ot Uut •-tatore •. ..a to.;.--­
i..U .,... not 001meo, ... to •n1 of the ooia.uete la tlae rew:rehc ~ltoll s.. 

IA 'lbe fir•~ ••ipherb• operattoa. 'Ute letter A •• •actpbere4 "" 4-' 

lfJM 4eo1pbement of (( will uw le tollOWI4. IMpr•••in« 1:be fl k8J eaus .. 

.. iwrl&l •r 4r4 to ~...- \he crlrcuU •t 21• ae ltefon. law\ ,.. •'-tl'tut1GD 

otrntt 1• aow partb 4tfterent .hotl wlat it~ wbea b7 A -~ tllpnelllil ia 

eno1pller...at. !be clrcul t la a~ ae follOirl 1 -..tteey li-. cl...ta w1tcb. ~6, 
- . 

oonhator 23. eoiatMt lewr lt. oloH4 eontan 41, m)ruiuctor a. th't01rlb 

....-ntf2« .. iteb &o~ IU011« dot~ .,&tJt 2s1 • ..._tor 2:4'. O"O.tu n.. eoata.n 
. . 

ut of lett end ·-,la~ '01. tbr0\1frb the nter-~uc ecmtrLc\a ot tM ••zt&t.OI'• 

to sa ou'\er rlne conuct ~ of rls)tt •• ~la.ioe 1029 - oonductor_ *• t~ 
••r•JJw awitoll && a.tuc 6otte4 ]'6th ea •. eoatan• ue. taAtu1tac lk•t•• 
A. •oaciuetor "'• to 'i6tWJ7 16. !Jma Q in· ciJMr" :1•1U A. ta p:a.ta' 1~. 

' ' 

A. t1fth -\o4t.lft ef the i.J1ft!lt10Jl •tUt ... aiD«te-:rite COIIIIUatora 
' ' 

to ~rft "Mill u n'ba'lituUoa oo~tol'a aa4 ~tftJl COIIII!IIL'iaton l9 . ._ .. of 
a~ .. tte~ of twent¥-~iz.coatacte 1nserte4 lu ~ atrcutta ~ t~ 

....-tatof"fh ncure ' ..,.. a .o-..a\1e 41.,.... of thia fol'!l ot the ln-..-

tion. 

\.. ;o' 
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BaYing .ao"' PArtio'..&l&r retenDH ~ :P.IC\lN 6, •1 til t» 8'"P'101l 

ot tbe pt!f n! te!a &Ad A law' I whiu will lae 4Merill84 pneD\17. tbe 

1a .... 17 a deYiOe tor lt.,-llle au cc:aple1Ja ae-t ot twrtnty-siX contwte 

•i'llialt~oul7 aD4 "t the _.,..,. time 1\.Uine ao~h~r !!'Gt- ot 'tw&"lt.)'-•tx 

oo.-uc·h at·'I'Ql taneoudJ• It 1e operat@d lJy ~t 83 an4 _attaoc!atel. 
. . 

rela7~. ,_ ... ta ot 1hh ·toN of tbe 1aWAt1on itf •• tonga t H 

tbe betrinn1ug or o-pera~iou~ .. itcb 36 1• elon4, Mttitlfr UJ ets:-COA1t• 

tbroqla rel...,. 111 ... 114. ., tollowa ' lla-Mei7 16. eolldctora n. 
111. ewt'\ch 1•.._ 17. el-.4 contact 72. OODduetor 112. nla,._ ~l~ &a4 

lU. c=onclutor 126. to- )&ttet7 16• Bel•J• ll:S and 114 a.N ·eur&"t••cS• 

eau•iJl« a.rr.t1are• 80 Ul4 101 to ••t'l.bli•h contoz.~t at 81 tm4 10!11 res­

PMUft17• ·J;r _... or a aectaaatcal loetrbw ai"I'UC8JI8:ct. ann amatlJZ• 

80 laae ll• atbac-..4 -.., MlaJ 11! tlle ooaact u\ablhhe4 a"'l 8l ta looUcl 

utll nleaMtl )J ~ act.1oa:a of nlq 68 a aildlar.Q' when anaatare 108 td . . 

rela, 116 h&tl lleeli -loc.bi in'o c~ntact poa1Uo:a. R-t 109• it st.ll78 lootR . . 
. . 

•til rela7 110 ie ~11ec1. C~tttqwt;~tl7 • al 't.holll:fh corz.tcc\ 72 wst 

' 
k eloN4 Ill ~rder \o eahbUeb c01t"M.Ct •i 81 aDd 109• after 'be latt.r 

catac'- ta• 'bMQ. ee"&JoltliMed t.M)' wlll ntislu so e•en 1t contut V2 la 
~ I ~ I 

-
bel' 4fr oa-un oo.at•-t let~er 1"1_ to Mt• cQa•~. ~ttil ctJIJ't.ooi. .:u,. eet.'tbc 

"P the t•llgw1ng c1N'Illt; fro&.1 fl\l1U'H .ot _poo. r 16 throUt1}", c'~nd"uatera a. 
'-

lo~:kecl l•wr· 80 ot Hla7 11.3 to ooataot 81, 'Qenoa ~h~ cODductDr Sl 

. . .. 
·~.. "' 

t .••. 
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t • ~I • ..,., 

I - • • 'I 

tJu•ougl cac-•J'toll-caet t8 liiiR4 o..auc.-. lli-. .1M-* to...,... ot 
I I • .. 

P-el' lt~- Wpu .....-.nUcb ~~ ~ ~~~ . .urctat. uatlln lJ& 1• 

a"ir\rvcte4• e~ui.Qc .....,....t'tcb e w 41~ a 1_._ _., ot ~~nz 

.Oa'M~'• aa.4 to ensaae aa \'IIJ'!,Vie •1; of ~t1.:"41X eoatacrtt~ · arttoh. 

lewl'e sa. 1&8• 288. ~88 •. Ul' an~ fel · nre fi'fe ot 'the 1M of ._..'9-•:tx 

.. nc 1e-w:w• DOnt:rollMl. bJ ~lic-nlta &&; ...... to. 110. 290., B011 

4?0 M4 690 &1'9 fi w or 'be m or .-. tJ-d:r lwe:r ooat-.ak aMnllJII& · 

._, tbe nttch l•<t'd'& or 1:tae ~ .. 1-.. ·a&. COAtao-u 91. 1'91. 211. 1ft. _ 

fell ••4 591 s..rtt flw at ~- 11ft ot .._t1-•ilr 11Pf8'1" eonu~• ..a\rall.t 

\Jf t.he ewtteh l .. v•r• of tbe ~ •l~h 85. !ieferl'tJ'jg to e~»~o'\• 11 ad 

ltl. whlch •• wea cleee4 \ty ••ret at.- P.DB•".i tO ID8Det II at~ ~ted 
~ 

-.bo'"• tben .ie •• 'U!p • oi1'0\l1t u ,._11•• ' ~ 'taeuroa ot pw.J. 16 

'br'nP cCIIillut,or 21 =to o10ee4 oontao't U, (_ . tM t•1 A atU-1 'beic 

CeJ~N•H4 ) tlaroup oo•tan left'l' lt _. o~tow 111 to :,loae4 Ci>Jtt&ct 

91. 'tare..- oo• ..... leur •• ucl cot14Uete• 'If io a ooakct' It oo .at . . . 

0. . 01 ad•"'ot' -l·.t • •. ft ... r• :_,. r.o~te.tot-1 and ~ ·.a:n'fon. the ~rra.t 

,. .. "•clt tln'O'\Wia t• ..._ta\01"8 aM. ~ 5,. sot, • .. 1M., - '. SO&, 
- . 

1. 108, 1, &1111: returea to .-.1 plate 101, ·~- •t ~teet .0 • eDit 

pl&M 2011 \~ .;l.OJII' eodllo~ M a4 Hlltact le"teZ' JM. .. it! elfl.d 

_OOJRact ltl, t•Ga«Ja. eUtl~to'l' t3 •. eenu.t te.,•r !", oloaed ~catac.~ -42 

al.ac oo!l41actor l&l,. t. 11M1loat1a.r de'flee lfl._ "bert• alo~W OGaduotor 4S 
f -1, • 

Wlau 1n4tca .. ti-- u..-1oa 14 18 eurgt.sH. a tnae-~ sl ca~ 

~ IIUaS no\ eaown to ·Fillt tiNt leU~u· <;1, ·ntd 1• the C1p1Mta- ectu1ftln\ . . 

21 

.. 
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pt the plain-~ex~ letter A. When rela1 magnet 68 is energiae41 

.OD'i&a' le¥Br 80 disengages oon~ci Bl an4 engagel contact.lOO, 

.4eenerc1•1ng fJWi tch control ~et es, aad allowine ga:ag ni tc'h 

85 to ditengace the 'tlp,.r eat of iwentJ-•iz ccm.iacta, ..one which are . . 

eowtacta tl ad. 191·, and. ensaga the lower aet o~ twentJ-alx contacts, · 

..,. which ar• tQ and 190. 'fhle eeta up a circuit aa .fallow• 1 

ba~tel')" 16, co:ndueto~e 2$ and. llJ,, . unt:YerB&l•bar con'tact lever 1"1, 

-•loaed contact 21, co~~uctor 79 1 contact lever eo, contact 100, 

·conductor 122, eeleator maguet 131 con~uctor 106, close~ contact 

190, c.onta.ct lewr 188, c~a~or·-84, cont-.et 80 on en&. 9late SOl, 

~o,. througb and back througb' co~~aa.ti.tora l to ~. ccmtact ·u, condv'tor- 761 

contact le.ar se, c1oee~ oentaet 9~, con~.ator 107, •ant&ct le._r 108, 

closed eo~act ~09, n1a)' MBBR•t 110, eond.uctora 125 aiul 124, back t• 

.batter1 16• 

When selector -sn•" 13- 11 energj.sea .. coJaU:ta'\or 1 11 

~arlJ diaplaced through l/26th Of & reYolutiOD1 and a ... eet Of 

oif'Cui ta ia tol'Md. in the OOIIBUt&tor 'Wli t~ ltelaf magnet 110 haYing been 

... -,psed
111 

coatact le..,r ·108 la cawed. to 4iaengace oo.U.Ot 1&9. ft:l.e 

· ..... tbe • ir'CJUi t tbrngh the 'e1&C'-tor ~eta and preye.nta e~J'gil• 

itieet~r magnet 13 a seeeDI ttma• •o tur~her aetio:n •f &Dr pari caa 

ta~ Jl&ee'until the t.o re1~• 113 and 114 ara.~in &etuated.· 9bie 

h&)'Pen8 1r'heD ke;y .l 111 released, Which eetaltlilhe, a cirCUi.'l &8 follOWI I 

batter;y 16, conductors 23 and 111, contact l•~•r -l11• elosed ~ontact 72; 
. . 

cond:aeter 112, magnet• 113 ud 114• back to ia'tttWJ-16 • ...Aa explained 
•' . 

v 

. .. 
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at 81. ud 101 lllltil aaotb•r •1 or 'Wh• IDeJ'lealt · t• ........... ..._._ 

~ dn'loe to optante 1a tltll- • ._r u IMIMbllllaton cleearl'-1. . . 
.\ aU:tb ••~S.. .r thlv ln"Mm1. .o.. ia .-n ln IPS,f:. 7.. Ill 

t!lia fol'a ~1 L. .. 1a"fa.tiaa aM i• -'tt et •iatll• riJtc .._tat.on wll1tlll 

. 
tbemtJI u• elallar lB •cm•tnoUoa ud r=otton to ,. ooY"re8'pOBiliiC 

•l.,.:D.tl ehoft la 'tll• -pn..C bt« t1_... Ia tbia eaiMcliMnt f'f tbl 111-

wat1CIII. PttC •ltoh 16 ta •o ouaatruc\ecl tbat when q ny l• daprea .... 

Md •J~Nnal 11111'"" Ia Mtuate4_ •ttc~ le"WWs 88, 188, .2."8• eto •• 4ie­

..,_ GGDtu'• to. 190, .290. •te., Nlmue'Uwl,,· *!.cl •Df.'J'88 contACt• . . . 
Vl, 191• 211, eto. re.,.tf.Wl¥• I'M o)Mtm.Uoaa of ib1• f'CU'II or "tn. 

~ 

laweott• t• •• f01l loit• a ':Tis•a a •••ep Ia to be enolpbea·ed·. oO.Uu t•• . 

alON4 .. •tt$• up a ell'Rclt ... tollw• • Ja't•J7 -16 t~CIIP .. u~ 3&. 

eollftotol' 107 • aoat.act flO, o011tact lever aa • .coA!Ituat.or M '\a ooa.tr.ct 21 . 
o.t tta4 plat• '801. thJ'oqh o.o.a1.atoae 1. 21 :s. and • to co.JilV.'tator t Which . . 
4lnot• tbe c· .. rrect b&:cl£ 'thru':IC'la cro_,~tDI'~ •• ·a. ··.a, UCl 1 \o contact 

ZOa of eat plate »01• ~· oucl\actor II& ~ -taot leYer 2B8e cut.n 

ItO,. ~tol' 106 ~ •OZI'l~l apd 11 a.l4 t~· .... ,c. batter.. 16 • . 
..._ "~~DMrDl _..t 11 1• ••CS•4. oa.au.to:r 1 .l• •ot6.1ecl thzo111fa 1/IMII 

at & :rewlut1oa1 eet-ttaw up a a.v Ht ot o!rcui t.a ~~ tl'u otp»>' 

Wbtiela. f"• deYiJ:e fa IIGW J'!~ tH enui~ruC tM nl!•t lt•ttc·ot t~l8 
~ . ..~ 

...... • Ii' thia lat\111" le '~• letJ,er A,. '\he 01 torni))QIM11• to ·l'l S• ·, . 
.. 

. . . 
.... .... 1--: ... ., twt:ti-•lz ...................... ...,. .. , 

•. -
• I 

1
1 t ... 
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; 

of ~t7-e1~ cntact.t eettiJtC 1IP a ~irclli\ ae toll•• a Jroa ~t'\e17 

_ 16 <\~• o.oM•.._ 13 \.o eoJil~\ . U., ~oetaet 1•~ 18.. ooatac\ 91.· 

otDtMi le..r tc. eon4'u\or •M ·.-.. ooatt.Gt tt. throJiBJl awl d~ '\llroup 

o~ta.t•n 1 to 8 -;o oca\tte1; S011 oomt•tor 1"-o~ 1•.,.. i .. , 

••'-' ltl, •flllflduo~ t! ,.. en\N\ lew~ 1~. o•t~\. u. o~MI" 

1'11 to 1JI41ea\1n« deYice 1~ •~oll eorre~ '• the let~• Q. ~­

.U, ftltoh 36 to 'bAtte17 16. .\fter the la\teT Q 1e no-..4, DJ-A 11 n-
. . 

t ..... ct. allowblc the ooatact l•,..r• Of«~ n1teb 15 ·~o 61~-. · 
' - ' 

A\ tM iaa.1aat when OOilt&C\· lewn et lft4 lU 'h'\h ........ ,.. 

-taote 90 and 190_ :re~11w17~ ·a etrmd;\ t• •' .., u toll-, t 

•\te:r,- 1& through ewi\ch u, ceaduetor lOf. e.out84\ SQ. ooataot:l.fter 

11. eonetaotol' ' ' te · ota·t&e't at ot nA •law 101. ib;roup •-ta--
. ' 

·1, z. S ....S 4 to O~~L\OJ' I wh16 4inote \be ....._,.back \~ 

·--··~"' .. '· ! .. 1 "to con\a<t\ ao or •• ---- JOl., tbrtn:Jth ,..~ .. 
181 to OOet-.et._l8V81' 188• CbhCt lt(), COZI4\1IO'M 1-· \o COJ\trol ..,.t 

' :· 

1'3 !!\114 theBCe lNwJk to blatte'7 16. 1fhett control ..,,..., 1~ t• aptn enn­

«1H4, ~ta'\or 1 1• a&""11l rotaw.t tbrou«b 1/!llflt-·ot a J'el'Ol'\l,iM aa4 
f 

apia a ... 1ft ef etrO"QJte ~ Ht liP ln tbe .. e~·\ol" -~~·· !fha U"riO• 

1e •• pad7 r.r ac()h•i-tac tht eeeoD4 letter •f ., .. --~· · 

•: 
lB .\be torecotnc- 4Hcrtptt~ ... hf...w n-..rtout the oplMa\ioa . ... . : 

' . 

•-'\a-tor•. !'lien 1-. .O.•••r. 110 naHB ·w 't.lri!IM • •tawra-. nqt 
' . 

, ... -
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&rrangemellts A!'ld dieplacel'&ttnt meebl\ntaae eeta~llshed rar the p11l'POM• 

!'o expla.1n how 'tbie Cftll be MC011Pl1!!h6d, we will refer 8.8fl,ia first te 

Jtg. 2 and then to l'ig. 1. In the dtee\'ll'tliGe coneemiJS£ Flg. 2 we haw 

Mil! 1 "'lheN uentJ'-fiH contftcts are then Joined in .rhe set• or fiw 

oo:nucte each. to the ~1.,.· eoad.UD-.ore $1, zs. ~9, 40, And 41 " • IIi Fig. 1 

theee eonchtctora 3'1, 38. 3t• 40 and 41 left4 to the reirpecthe .-gnet• 9, 

10, 11. 12 aD4 13. lt'8 :aow nppon that the arrangemen'\ of contActt on. 

end plate S~ ancl the coDduc'\Gn lead.1UC rroa thh plate to theee ..,..ta 

it auch that. ialfteli4 of a.poupriM cabbtatlon ot the contact• COI".»eete4 

to a dngle conductor, a ounent .~rgtDs from one fpeci.tlo contac\ o-ontrols 

tba operat ton of two m.aenats, 9 And 10 tor era~~~ple; tb~Y.t -rciftc fi'Oil 

&raotiMr .,ec1t1c eoa'laet eoatnla -Qe operatle of three -.gae*•• 10, l! 

an4 1~. tor exa.rple, and eo e. !hue 1t will ~ nadil;y ap-parent thA'\ 

with ~11t7•fiq oont"-Cta U is poaet"tle to p70T14e tor group or pem.tadtw 

41eplae•en\e ot the e~ta.t.ora '1. 2, 3. 4. and 6.o In tP.ct. with fi1e 

commuta~ora \here are thirt,-one permut~ti~e dilfl&e..«Bta powaible ; alae• 

in r~g. 2 there s.re twent1-fhe co:atac\8 on -pla-te ~ .. &l'n\ngeMente -7 n 

made eo thAt 25 of the ~1 4ltp1Bee.ients aan be ~rewnted... :SU.t if it •ere 

deeire4 to ha"f8 all thirt,-one penm.tt;:t.i..,e dhrplt~-aewwata a'ft.il&ble, it 

wn.l<lMre_l7 lae nacenar7 to h&Ye the coramv.tore 6,. 'f, &n4 I MMl their 

aaaocia\64 end plates 303 and ~ aomprl .. seta of 1b~two ~oatact• 

laatea4 of oal.J au. as 111 aho.n in l'tg. 1,. or W4mt1""81•. aa u atlowD la 

J-tg. 2. 

lnetead of a sy&taa of p~nautfltive diapldee~ta b~ stncle etepa 

one could arrange tor ind1•1dualiaed diaplaee.enta of 1. 2. 3• 4., or & 

26 
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' 
at.-p at a tiM ; and, f.~·- ot a a~Btea of aingle-etep, 1ndi .. ,1*-llHIIl 

" -...,_a.r 4ieplace.aat of \M eo.nt&tora. 1'\ h posalble t.e fl.~ tor 

pl'Ul'&.l-etep, perau~u..-, angular dhplaee!!lenh ot tbe oclftlll'Utato". ,. 

2? 

' ' \ 


