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f.Pplic ti n :Ill l M. y 21 11}23 s i 1 N s4o 546 nd in G t B it in 1 ~ 1 i'L22 
I _,..f-,t_ .. "'; '\. ._-~or\.;-U 1. 

1 h~.p; 1m ent.:an 1 C'l•uc.., to 1pp·u 'l( U"' for u~ monntt~l .on a bpmdle suth d1'3CS 01 pufleys 
m £O~.png ann l<'wclm~ me~~ tgc~ and p10 h n m~ tli<' leitu an anged c n ihctr perJ ph 
'Hlcs ll1 'lrl nratu., of c:mnple eonsh ncbon by N Jc!... or' on their f>H.ll fa e~ n<'ar thur p<'riph 
the n <; of "lueh 'l worcl mav be 1ead1ly E'rilS ac; he1 cmnft<'l d.escubed 60 

r tJ u;l.SJ?O ed mto- '\ coue\} ow C''l.pa.bk of pro The lll' entwn "Ill be more readtly under 
nunci'ltlon fo1 tran mtc; 1011 b~ tclcgr'lph o.,loo I Lv r<'f<'rence to the accompanymg 
k.ti1.1 h kJ hone~ lno tclcnstmg or other th 1\\ mgs 'lul follo" mg descriphon 
lll~'lns T11~ clevH'e- permit'> of a. mtHhtu.de I 1g 1 IS 'l chagr'lmm'lhc 'Iew 11luc;tlatmg 
o( thfl'uc..n( con~lmt'lhons to ~:,n e d1.fferent the rel'ltn e arrangem< nt of letteu, m adJa GIJ 

10 code WOlds {or the bam<:, ougmal "ord a c<nt columno:; 
CQ).teypOb.dmgl~ trrthged apparntnc:; at l.he Jltg 2 1 a f10nt ele\ahon Ol one .form of 
othc1 wd of nhiCh th m ._eiJ_gP IS sent se1v apphrlttns emhod,mg the wve.nhon 
mg to decode tV,<. messttge Thus the ouw l<lg 3 Ib a trle <.>le' a.hon pat tl~ m section 
Unl \\014 C'liJI~O( Ue lSCerf'l.lnC 1 from the Of the COUStruchon sh.own Ill rlg 2 70 

l:i code woHl unle
7

'> the pa"thtuhr cQdc lS I JO' 4 1 'l f1 nt c:>le,atwn o.f n modified 
kuo''IJ. tvt e of nppnr'ltus 

The m\eJ;lJ..Pil u,mbi t <'o:;c;rnh'lll~ man ar I 1..., Is m c.nd 'le\\ thereof 
l.a.ng<>ment of }(:t,.tp m tile i nm of a column t 1g 6 J<; a 'e1 hc.nl cto s s<'chonal 'JPw of 
ou ,llll Cil~lk~ h'tn 1 o1 <'1UI' lC'nt a number tht <.oru.h nci10n !=.ho\\ u m 1 1gc. 4 nnd 5 thP 75 

20 Qt pU£b c9hunncu !J.nttls l<'Plb fm m'l.hed nd lmc of S<'chon bung t'lkc:>n through the cen 
JU Labk lJl rela.tlon to one 'lnother hach te1 of the chst 'ln<l c;howulg n pr~ierred wav 
colmnn c::.ont lii}S two or mote complete al of mOLml.mg ihe same 
phctbtf::. of kUllb atrang<' l In 'alletl se l1g 7 IS fi ClOSS bCChonnl ne" tllustlahnl:-
qu uees 'i.n<l tlw OJ'lg'lll'll word 1t 1s destred m lld ul on~ of the splndlt mountmgs so 

Z.'J to ho.n pose 1n.to code !orm IS spelted across r1g 8 Is n plan v1c.w of a further mod1 
iht. ~olumn ha' 1ng on~ letter Qf each col fied type of appal 'ltus 
u:ncn 'lml thr fOJ.fC J?Ondmg code word ap 1 1g l IS n s1cle ck \'"'thon of the apparatus 
]:>.cU!>O.tapretT<.tc.rmm<'dclu.tmcea"'lVfrom h "n m rtg 8 
ilie pomt \\here the. on,....n'l.'\1 wbrd appea1o:; r1g io 1s 'l plan Hew sho"ml-. a modified H'5 

10 sn1d couc "or<}.. 'llbQ lmvmt:> a lettu of <'nch 'lll lllg<'mtnt of the <.onstruchon ~own m 
colunlll llt'lt 1 t 1 f).Y thnt for e\ cry letter I If!'! 8 a,n~l 9 
m..:r.J Illg 111 tlw oiJt-m'll "or l the1e Is '1 rlc.fi I Ib 11 IS a Hlc eJ.Dvp,Lipn of t)le c.onstruc 
ntt<' lettu on thL '>ntne C'ohmm ( tetu'lll~ 't t 1on t.hO\\ n m f1...., 10 
diilumt lettu)~" 1nch <>n e'3 to m'tke 11Jl the Rcfu rmg to rtgm<' 1 of tlu ... dutwwgs oo 

35 cotk "ot.) 1'h~ c IJgmal "o1ll L founu t~ ~~ lll<'r<'h ...,nes 'in e'\utlipl<' of m ar1an~e 
f10J;1.1 the cqtic )\OJ l m c;uml,nt flsh10n 'lnu m<'nL o.£ lctlus anll <.t>lunms (o tender th<' 111 
m 01 }ft to fa rhtut<' tl11 Jestnpbon the '<'IilJ.On clc'li 
"Oitl "hi<.h u; k{1o"n wheihet th(., ongmal In tlnb 'IC\\ the bp'lC<'E> 01 c,1ght wmdow 
Ol cod.e \\Old~ WI ll>c:> lu .. Jem'lft.ct te{<'rred to ~ ~ fh1ou~h "luch ih<' kno\\11 md unl~nown 115 

40 ,.., th<' 1 nown \\ord ancl tfl<' "orcl to I e 'ts- wotu 'lie mdJ.C'lltl 'l.H' Q.o\\n d1spos<'d c;nch 
C'?J.l~ 1m d th<'refrom 'l::.. t'fle 'unk110wn "mel tltc,tanu~ h \\ 'l. \ from on '-I 'lnolhet that thu c 

lh~ tpp't a{usmt~ fJtH!'ltfurahb, nfb<'t I'! t romt)l<'ie 'llph'lb£'t of h.,enl.~ 1x letterS' 
poHll.S: JH'0\1 led 'llOUn l ihl <.Olumns for the 011 c'l h column 1 1 b~ween them 'rhe 
fouuahop n11d 1 <''1 ling ot the kno,vn 'lnu ep 1r tf al1l .J,Letb o~ 1 lr1p d1ffer from on<' In 1 

45 Wl)moj\11 \\orrk IC'~P"Pdntl~ an~ ptin of wother m the1r .J!qnen('e of letters and e'l.ch 
~luch U\'l\ be u eel <1.1 UH ... ame tiJUe fm th~ h.b 'ln Jil.ll~\. number 01 kev to 1denhfy 1t 
fouuatwn o~ tl).t. Jmm\ 11 \\ ot<.l 'lllll t\IC r<'ad and as th.e !>II IJ>" m'l~ be Interchanged each 
lllb of lht Ullk\lOWll wotil ~<' JlCCtt,ely g1v f(llp h'l<; '111 mel<'" nun~Let '50 that 'ln.} par 
lllf:, diiiCI ent \c~ comLmthons 'uthout hculat one \11 1~ bt. dctctllllned Tim on the ll 

nO ch m&,mg the pos1i10n of. the columns < r c'\:tlt>m.~ ldL hnnd c;lr1p ronsidt>J;mg tlt«:> up 
alphabet 1'<'1' sp ~1,) 2 1s the numPt al 1'1 the fir t fig 

!he llPP'lintus <'mployed for c.J.rrymg out nr<' 'JZ: l Ql whrch 1:q ht 'tt s the parh<.ular 
the m'\'"enhon conststs e1ther of a numbe1 P..f !:.tr1p 'lnd tht. .,e.c.,onu fit-trure VI~ ~ of said 
"-ndlcss strip o[ bmtable materml arra.ngeu number the pat;ticulQ.r alphabet on that str1p Jut 

iUS c;u.le Ll sHle and adJust'lbly mQtmted or a said numer'll 12 conE>!r.tutm~:, whn.t will be 
phuulity of utE>C wheels or pulleys rotatnbly teuned 'tal ev It ts to be undet!:.tood that 

"f "I' J'~ I 
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1 66"7 780 
I' .... , - ~ - --- -...... } ...... 1f <.>ach .... tllp 01 b md 1 h ul (otn tlph'lbds uh1 unng<.>meJ!_!" of :::.el::. 'lnll 'l]ph'tbdc., on 

ih<.>tcon 1t \\oultl be eqmppcd \\Ith .four I..e"c; the llccodmg m'fchme ts m 'l~JC<'m<.>nt 'Hth 
<>'lch 1m.} b( mg urtnnged m the &p'lce behccn -that by wh1<.h the "oul w 1c; ougmall~ coucd 
thl adJ 1C<>nt al_ph'lllet 'lnd the 'llphabet num rrhe npp u atus 'lt the (kcodmg end mo.) be 

6 bcteu t.onsecutn<.>ly 1 2 3, 4 th.c e ;nm)letuls set ~~th tl~ongi11'1l hy commtmic'lLmg the '10 
bemg phced nt the ught of b\ o dt_gits tho pn1 trcul..tr mde" 01 I..ey nu.mbeu. m us<' 
left, (hg1t bemg the one mchcutmg the :Q.Ulll rhe remmnmg_ llgureS" of the d\:'1" mg 1l 
bu of the sl.up on "luch the ulph'tbets were lu~:.l.ro.l.e "\"'J.JI.OUS forms of app111 ttus con 
t pphed Fo1 mst.J.nce 'lS ubo' c pornl.ed ot.It, sh ucted m 'lCCord,nnLe "U;h.f,!!d ~nc91 pot 'lt 

10 the kt..,\ 12 sho" n m Jqg 1 would ).Jldtc.nte mg the m\ enhon...,. _ 'IIJ 
that the <-{I tp "us numbereu 1 'lnd the 'llph'l One nppto\ eel. consh JLCllon 9f .npp'lt 'ltus 
bet numbe1ed 2 I 1ke\YISe the nnm<'rnl 1'3 emJJo<;iym~ the unenhOJl J.Ei sho\\n m FJ.g 
on ud stup \\oulu mdlC'ltc alph'lbet num lire,s 2 and 3, bew.g ftant cle' at JOn nntl }_1'11 t 
be1 3 'lnd stJ 1p nnmbe1 1 nnd so on !lc..ctwnal c:1d~ c~ 'thO}\ r<.>c:pectn c~ Tlus 

us Conc:tdeun~ n~e c:econd nntl thml c:tups consllJirhon emPJovs n. number of en.dlcss Bll 
from the left, 1t \\Ill b( ol,lc;eJ>C.ll that the bun4s cpnstituttn_g the,btllps ,1.n ll1~1e I on. 
,m,eh ate cquu.b<-tanth c:p'lced tp'ltt l•ot "hu~h _the lette~_nre 'lliaJlge\1 Thl C:'lld 
e:\.'lrnplP '1 numbet of 'O\\ cls nught otcnpv OJ1p'lrut"us campuses n f1 'lme conshl.ute1l Ly 
consecutnP c:p IC(>S p1m llled n 'o"el m tbc side p.1emb<.>r!'j 3 ':i qncJ. ctoss_"'mrmbcl<~ 4, -1 

20 known \\OHl gnes '1 concc:pondmg 'o"elm 'I,~'lns,etse rq~ 5 ate '1;l'HUlgHl near the re 8"1 
the tJnl..!wwn \-rotd fhe c:paces 2 'lle ar bpcctne endr:. of Qw fl'l1}.1e<~, and rolfcrr:. 6 'lie 
r angNl such a rho.,! m<:.e 1p u t th tl "lu n u rohtably mOUJI{,Qd the)l!on I I}llles~ b'lnds 
'o"el 'lppe'lts on one sf11p tluonp:h one spnce 1 1 ate <''lt ru:~d o~)'ltd IOlleJ§,_und the &p'lces 
2 u 'o"el 'llc:o 'lppeaJs m ihe othe1 c:pace .fot the known n1ul unl..no\\n \\Ql,_W. 'llC 

211 on the same ~:.lup 1hl Ult<' upphcc; to cDn foim.<.>d bcb.cen,:Sp'lceu p•ur:;, o.f h \lll:l,e.ts~ 'lO 
~onnntc: As an C"'i:nmplt lhe \\(>11,1. "fhe" IS h·p:s 7~ 7 e'lch {wo fomqng .Stght \\JnUO\\S 
spelled m the upper ap'lce 'lnrl __g_n c.'l the 01 ~rnm<>c; f.xqmn~seh o:£ the HJ.O\:_'lhle mem 
w01d "somo" (m Ulls pu1hcul'lr mc:t mce), bets or bandc; t}1r9ugh wlu<'h the code notes 
m the lower sp'lce, "Inch }B c'lp'lble of pro and mJex symbols of thq m~C...'- memb~ll> \Vlll 

10 nunCl'lhon Both the \Q\\elo; and thp. con nppetr lp'lcll ~·ur or bat:. 7 1s c:;h~lnhh 11"1 
son'lnts ure ·uro.ngcd 1n n ~:.pecJ'llh <''llcn motp,t.tecl on t 1e ,&cl~ member:. of the- f£.ri-me 
lated orue1 so th'lt all thL. letters m the Ull bJ extenswn-po.rts theteof J n:qmng m lotup 
lcnown wordfii '"Ill nlwuys be utfi~rent !10m tudmal groo,es ~,_ 8 1]1 th~sall\ <-tfle mem.. 
the correspondmg letteJ.s m the known f.,vs~ j;_ sm~1lar tqrqnge-menJ:. ma' be £m 

ll'i words ... ~ ~ t.. mc:heu at ~:.tch ~e of tlw lj__9.vtcc 'I he cml Jnn 
f::lmce the alphabets on a smgk strip ('RCh l~s b'lnds 11 1 lll!l) be O.f rnbbe1 l.'lpe or Rn'\

haYe a diii<.>rent sequence of letluc:, tlw code otqe~ desired lll'ltert'll ;mrl mav be ma~l~ 
rna) be 'lltercll b\ tnrnmg 'lll\ one 01 mmo adJHC:inb1c 't'3 lo tcl)c:wn bJ mottnimg one 
c:trtpc; so th'lt 'lnothcr ulph'lhet <;omcs mto .o.f the rod':! 5 Ill ~lots 'lnd < ll1J>lO.} In0 yf'lils 

40 USE' 'lml, If the 'lq 'lll"ements of lettets on 9 !.) pn otcd to thf' f1 amc 'lnd furmsl\~<l "tih 10, 
''\nou.s ... tupc: e'l<'h dtffcr f1 om ol)e 'lnOthu 'tltetn'ltn e noicJ~ .f01 p1 ec;c:m.,. 'lg unE.t "'lul 
th~ code mu' be tlteiell U\ mt<'Ich'ln~m~ the 1011, gn Ill}, 'l 1:.iu:tdung ell'll! to J-ho ~IJ.,IP"' 
btupc: Th'lt IS to 8'1, Jt 1'-> po<,SJ.bl<.> Ill. ll _,_\..nolhcr CO!l,l~<'I~t !ouni)J 'lppal tl 11'3 rm -
p1 ucilcul 'lnd co.sy "'lY to contwuouc:;lv CUir\ mg oul ihe~m eni1on \.& ho\\ n 111 l! 1.,.. 

45 change combmatlons of keys f91 ~'llh nord uu•s 4) 5, 6 and 1 1 m1l emplcn.., 1 Hmnhel o.f no 
of a mcsc:nge, 'uthout changmg once the rc 1hsc-, JO 10 h'l' •M. the 1L.Uc1-. ~umcd on then .. 
speck~·c poc:1hons of columns and alph'lbct.., per1phcn·, c;'lul clJ'lcs bcJ.n.., mtll p<>ndcnth 
F01 ln"'tancf' w1th (om alphabets to a col 1 otnt'lblv motmtr,sl QJl t. c:pmdle 11 J. tgm e _ 
llDlll one lmf! nt h1s Q.tc;posal tw<.>lve (ll~er 4 I"' 'l ft;put ')e\\: mel qhowc: th<(

1 
c:pmdle 11 

150 ent cmpbmnhons of Icc, s winch one (!!ln usc C'ltllC.\1 b} bcanngs m c:t uulqulc: 1'2 'li e"tdl 11 
m any "'cqnen<'c that may be pre auangecl o;f. 1t:;; e.nt-lo: FISl!! o 5 1<1 1n en1l ue\\ tll<'H of 
With 'l cotrcc:pondent The abl>olutc differ Jftgme 6 IS 'l c1~ sechm,1. th10ugh the cen 
cnce from one a,nother p:£ the translations ire of jhc <l1scs Vl'l

1
§{1o"s 'l p1efeued meth 

tesulbng :£101D these hrehQ combnH1hons of ou of m9t1.11tmg ~me 'lh'lt 110 to S.'ly twl 
511 k<.>vc:, can be proved b"\ fl mspoc;1nb the &'lrne dtscs arc te,olubh mounlc1l on 'l- ::.lLeH ..13 J""hlf 

"known" '~ord m eacl1 of the t" ehc comb1 flangerl nt e'lch eJ,:tJl, on<' o_f Sll_Hl Uu\l_g~~ 14 ot 
n'lhons of ke, c: and h\ compurtson It will both bcmg dehch1bl<' 1fus. ltt.mgcmcnt 
be found tho! the re uHmg tweh c "un permits en"'\ UlO:CJ lion () r the cltr:.u, mto po 
kno\\n' \-roHls will h'l'e \111 of ihc conso c;1hon as <l'lme '@rpltee1l en "Gloc 1nto pos1 

oo n'lntsd1fferent f1pmoneunothg1 'lh.ISc;ofui iiOJJ,, the spmd~ 1\, bcmo c.1mph passe1l 
ns I nQwn bus ne\oer };lee,11 effected before and i}u ough the o:lee"fe lQ 'lntl the 'GI:'nl m_gS m 
msures absolute secrecy Thus the device 1s thL. stn.ml~r<ls l2 ~ -
capable of a vo.c:t number of different codes, Wh.eJl the known "01u has be~n fot med, 
and the code word If pt.cked up can onlJ be the discs ar~ rqfated en :Qlqc 111 order to as 

GIS transposed to the ortgmal word 1:£ the parhc certam the unkno\\n word, and m order to 130 
:r-- ~ -
~ 
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r'eta~n fliE~ d~scs \ll f.he<lt«"ia.tJOn, 'l(lcf-t.o ep 
SUJ e usml?j f. hL lOlH!<.t 'IT pft!tlJe(. or n <;mglo 
~s~~ tl1e 1ollo\\ Inb mec'liamsn1 1:::. 'l.licdt',Vo 
rat~ ~ 

5 T"o bo~S<'s earh ha\ mg a nuthber of 
1 .... racJzql arm~ 16 'lre re\olublv mounted on the 

sp.i'ndle, one on each c;·uie, on the outer s1des 
o£ the dt~cl:: anll the 1espe~t!'' e 'l'rlhs a'rh 
co'l.me'ctctl. 'lelO§S 'U.} c,pmdl<'c, 17 One of ..,'lHl 

10 spmdles 1s constituted h~ a c;pht tube 18, 
hmg-edl.} nrotmted fo onl! of the nnns 16 .fO 
as tQ 1e capable of swmgm~ a" av froM. thl' 
pertphery o£ tt1e u1c;cs and 1s 'tc'lapted to l'e 
eh'\ e 't spinc'I.Ie 1q ac; seen m Figtne 'l 

18 w.h1ch IS a c::ro~_ge.chou. ~he:rethrough Saul 
'\ spmdlc 10 lb furmc;h<'<l "Ith u 1ongituc1rn'll 

1{Q.) 2h "ludl liEn ptOJ<..ct:::. i.h1 ougl1 ih<' slit 
... Ih q1e tube., anll "'aul ke:\ 1.c:; arl.apted to e'n 

~
a.Jc lh gtoo'\"C!S '20 Oil tli~ peupher1 of thL 

20 1s~S. TtJ.at ~r;; t..o sa.} between the adJacent 
etters oi ea~1t <.hsc~ 't tr'l'n~ u c,e ~ro6~'e 20 

1S fotme~J and 'lt tlw dniswn o1' thl alph't 
l.Jet,s Oll. e'l~)l cl!SC t)lCil Il> J)l 0\ ldul 'l pro 

- j~ctufg p1h 21 t1Ic nr1 ang('mlnt hung ..,uch 
-i5 ~mt 't"' the J.ec,n;Nl lett<'r ~Qn the 'I C.."P<..tl n c 
~ ~s al.e dohSt!~utneh 'lrtanet i1 m po•nhon 

t 1e~ ate Iodr~Cl by pnc.lunt-o the c,prnrlle 11 
'J.fl.tq. th~? tu.bq Its kev 20 engag1ttg In the 
~ob'\ (!~; M a~Jacent the ~etters the proJect 

10 m«.'fn'tl.s 21 of tlw unlocked dt~cc.,, bv con 
tactmg WHh 'the sp'Indle 10, p're\ e.Il.tmg saul 
\pl.Toc'kec'l 4tscs )}Ial..utg a complete rl!'\ olu 
t!on, ll.1ld <lons!!t;tulfut1y pre'\ ontmg the etto 
n~ous pa!ls'lng f1oin dfl.e alphabet ihto an 

1 .. other alphabet while smd sp1ndle IS In po 
- Sit10n 

In use., tne lrnown "01d 1s fo'.l.med a1o'tlg 
t~1e etlbe ot 'tJte ~itlfUc 20, anil the ·unlmO\\n 
i10'i'J relJ.tl 61F al9n1:, tltL edge of one 6r i11e 

o~u dther;.,ppitidl<'s 17 
A Sl,lll};ler (OO~budbdn ot 1ppaL1tus em 

bbdj"ln'J' tht- 1n\entwn IS slJO\\n m TI_g'llll'S 8 
a'nd 9 bJ;J.nO' 'l plan ancl edge He\\ ~O$pe<' 
'h'\~~h Su~.npt1a"\lt{ns c..omptfS~b It !J'lc;<! 22 

o~:; 1Ik\Ulg a spllulk !tS un -«luch ue conu~ntu 
c~l~y mom\iNl 'I J1hll tht' of 1hscs 2! of 
%1 y'mg d11tmeters the lal 0 est be1'na at the 
~vtto!f!. ~0 fll'lt part or ono dl c 0"\ e'r9.np:::r th<.. 
M~c of the thsc abo\c 1t form1il.g tn effclt 

.,o -a utn !U on winch lette1s at() ro1mt!1l or 
1\WaYl~ed 't' tch utn IS- fm mell '(nth tlu. 
)Mtnte )Wll~bet of lctterr;;, "h1ch 'll e ng wte(l 
to lf.>glc:;ter 

in ""Figures 10 1nn 111S bho~n 11 lllOUdit'l 
55 bon of the 1ast aesiti'Jbcd constructloh, Fig 

t\.te l'Q bemg an ele' atlon ant1 F1gttre 111. ct 
tICal SC<;\tQn through lute X-J! tlu tCOf rhc 
d1scs 25 aro of equ:al d1n111ctCib ariat1~ed m 
c:tag~ered rQlatton, each !Jem"' pn otect to a 

60 SfJ,llL 2b anj the shuts tue &o nub.~ged that 
th<.. yn ots a\-e E!lt1ltchst'tntly c:paced 'tp'ltt so 
t:fiat 11r crescent shaped part of 'ln undet 
nE!'b.th disc }J'ro)Mts on one s11le O\ er the 
edge o£ the diSC abovE.' The dxscs are ar 

615 1 angeu on each of the1r s1des v.1th letters 

-- ... 
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tle!Q.'r the1t pet!p'h'ertes sa'J.d lette-rs bE.'mg at 
za'b.&eo 1h suc-11 a ma:hfiet that the oup:ttl'tl 
V.6r")l1c; C'ompo'lN1 b~ th~ 1J.e'ttc1s on 't1te CtlS 
CE.'ll't shaped p'rojMtiOns stxc'h. as m> on on~ 
btde1 the coil~ '' o.t:d l.l')'PeatJ'I'I.g on 'Lhe !3rttu 'o 
~ar shaped p'i"OJCCtmg Palls 21)b of 'the alMS 
Oh the'I'i othc'r Sides The Strnts 26 ate qtcM 
togefhqr bv meaM qf a support 2'7 hn'l mg a 
part ~8 wlnch ellcit clcs th~m nh<l rtgtdly 
holds them p.1 poc.,-ftxon tmbl 'rtlt'fl'l'J.'red to 'bb ~5 
released ~or 1nte1chanhmg The strut:::. 26 
and suppm t 27 ll.re fol'.Itl.ed rw1th apei tlttr~s 
cna.Llmg the letters on the d1scs to be seen 
t herPthrougli 

W1tl1 a devtcC of ~h1s c:;haracter con.sti ue'ted 'ftlo 
o£ ten chskr;; as c:ho" n m FlO'S 4 I) and '6 
and ~a~h dtsk lu.t."t"tng iour aii)habcts on Its 
p<''I'I pllt~'r' tt 1s obuous that the msti utnt?nt 
"O'llld <..ontain ten "et:::r of four alphab~ls 
each there bemh four keys ann for<tv a1pha ltfs 
bets mall W1th four keys twehe dtfforent 
ke) com'biD.ahons may be founbd far tthc 
fm•mut10n o.f the lmo\\ n Wb"l'rl nnd the r~ad 
mg' o'f the unlmo\\ n wot d and 1'f une Wl'.llli 
of the o.r:rlmo.r.} language "~c C'Ocled ln l'lflch lf1o 
o[ f.'he hehtl comiJinlltiOns of I eys of one 
c,m~le positiOn of t.he m~rmneni, ':Li '' oulll 
Le fotmd that t.hc resUltt:hg '1:\\eh e code 
words '' ould ha V'e all t!he cdri'cspo1ld'Ing coo 
S"O"lani.s chfft>.t'ent from one an<:>tfiet n,1ld from r5 
th<.. co11 e.&}Jdndmg consonnnt~;,IJ.n. th<.. ougl'nal 
woHl, anJ th<.. cor r<l~ohclmg 'owe Is •m tfb.c 
1 no" n li.hd tl1e unl'mov. n 'WOTd "' ouhl ne\ E'r 
be the Slime The a'r'.l. u'ngetM"n't of UI"sks, 
alphabets and keys '1S ve1y -&hh)?le and Is (l)b !JOO 
tainod as folio~ s "-

The first 'letter spaC!c of each alphabet car 
r1Ls i"VIe> sepa'rnte d1g1t~ tlhe IJ.L'ft thgxt f10'm 
na11ght to nl'ne I'tltlbNti'lng 't11te d1sl nmtil<:lor 
'\ lulc thf.> r1ght <hg?t from 'n'l.llg'ht to lou'r l'Il Jro .. 
01C'tt~,>s the 'nmh1)<'1 nf the nlphahtit on the 
dJbl , fm mbin'l'lce f> 1 "oulct -,}w'V\ thnt tJJcJc 
c'h:::rl numLt t " 1t<, q ufld th~ alp'habct 'llltltlbot 
" t'l l 'lnd. c,tm .. !. ihr alphabet.., t.lC <! t<'h ilrqk 
tre llllUIUNt!d ~OI1Yel\Itn t>l\ 1 2 '3 .md 4 rt IS ILO 
neC'es:::.ar~ to know <1nl'V o·ne hev of l\11' poc:t 
hon df the mstrumtm.t Ih o'l'l!lu to ac;cc:t 
i'lm the I ematmng l{eyq at 'the same pd!niron 

It will t.1ms be sel'ln that by ~mplo'Vlhg a 
p](...tll c1nge<l sequence of the t\\ eh e comb1 '' 1 "i 
nations of ke~ s It IS only net.e!:>sat v to Jmo,, 
one h.ey an1l to IeJ..ff>tct the m~h utul'ltt m 
th 1t ke~ m order to ptlt. all the other ke-ys 
ant1__!tll the,.. t" ~he lte.} wmhtnll1.Ion,~::~ a.l..,o m 
1 egtster teady fm OpPratmg '' rthout bot!her 1 n 
l'n~ about ttn) other mrlrcatwn 

Thns "Ith the fot!f al.J:Ih tbcts of tlus ll.J? 
:p..trc1tus the same kno'rt"n "(\mel mn'V ho found 
m key 1 and the tuiknov<.n "\\ o:rd re ttl rn 
]{e"\'s 2 3 and 4 'the same lmO"\\n 'fVotd be.mg 1 

:tmtneU..m key 2 ahd t be unkno"" n ""m·tl relid 
lb. l..e) s 1, 3 and 4 the S't:r'l.le kb.o" h word 
forme({ m l..ey 3 and the "flh.known !Wo:t'd 
r~:>ad m keys 1, 2 and 4, and when the same 
1 nown worcl1s £orm~d ;m key 4 the unknown 130 

~ -I - - -!. .... ,... ... ~ .,.,.,. 
;!~.l- .l.fl''~'t\ ,.,, .s + .}--.. -"itcA-t.::r-~ 

It' .. _ ... _.il'l:i! 

----:1.-- ....A.-~ i... .... 
11r ....... ....,..._.......~i'IIH ----- lF-c.., ~Jio,_;_....,.31--':ii!~ii!Rql!\j" ... 
--~ ... "' "'""" 6 !. JA.... w-... 

.. .. ..r- - __,_-. ~"'"' '""" ... 
J 
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\'\"Oll.l JS re'l.d m ltcyR 1, 2 U.\111 ~!hcr<;py r.ro- "i1.Qnla\l\ 'l co,n~'lnt LQ ~not).lCl but <l,tffet-
' l(ltnt~ t\veh e co<lc word$ h'lung no s1mlla~ 't!J;lt consonant. 1a,....thc .,.ot]1~~r alphabet or al- ttl 
1tv whate\et one With the ot~er o~ With th .. e J;>hllbetc;, s~ tl1'!tbr e~'lch kQ_ownl wfnd,a coc.l~ 
ortgmnl word, w..1,thou~ re<J,mpng any mtet· \\oul ma) a)::.o Jn .. formed C.!.mt..tmmg ,!in 

I changmg of the cohu,nns or moying tlv•m c<J.uo.l :number 1. vowels nnd consommts as ~ 
d ls .f I -r •• i I I ' ' • ,. \ I "·· I .. for\vat s or backwarc r-or th<:, purv.ose. o t 1e illOWn yro1 J 1 ., , • --... 

changmg JceJ s~ uc;mg one sfngk pOSitiOn of .,.. .J t:q. 'l <;oQ.ll}g 'ln<l <leC..,.O~\m~ 'lpp.}t 'l.tUS 70 , .. 
the 1ppa1 a~ns only Tht!S I tl\'t!~c- t,, eJye Jl).e'tns fot !Q.riU¥tg known. "OH1s nt <..~\.ln.1~ _ ~ ... 
combmabons of keys of one sptgle posttlon pos1twn-. tcroSf>JJte 'lpparaLnc;, '1l1e1~by un-

10 of tho 'lp}1'lratus :rJl'lY be ~mploye<l m \any lmo\\n ''oH'l::. nutQmahGJtl,l.y 1PP<'nr 'lt other~ to 
sequence r ec;Ired Vf!mg a. chff~rent cpmbvla- pos1hon'il•c::'lHl n!:_enns co~tpnsmg 'l t~\tl!~),t~Y 
tlon for each, wo,ru,o~ .. tlu .. Jll~~sage.... H of

1 
plph wets nne..[ 1 plnr'lbfy of, ke)~, p.nd 76 

I chm;:t - ' I """ I I 11 ~ ' t !f'- m,cnns ei'npl01 mg. a. l1. ti.r'~rl'\\1 'xombtr.;nh,s>Jl. 
1 ~\:[>p u at us f01 hanc..;fortmltg J,nown of "l.lp'h tbt,ts loJ...e'lch Je!_t~ ,(IJ I! '\\ ord_ ~d 

111 wotds nl,(o coda ~{1.cls nnd, vtce \el~n, "Om- fo1 <''lC'h '\Ot•t _JL ddfeubt combm'lhon of ...... 
"\. " .. ... "' -~ s'N -"" } rt ' 5/t. .... 

pttsmg " S<'tJcs: o mQ' .tble um,t'-.2 mnt1.er::. Iw:\ s • h , ~~r , : 1 ..;; "P't" • t 1 :~--:. .. .: • 
dx~poscd tums,et ... Cl) of s~wlnmt<.1 the ,13Ur- b ,In ,.1 codiJlg .md l1ecol mg apparat!!J; so 
face or 1-'lch \llllt bcmg dJYHlccl 1lltO a. pin- lllC"I\\lC., io1 fot,mmg kn,o\lJl ,'' OJ,ds a\ <:.el t~m -
tnht~· of alphallc::t ::.p H~e::. and mjet H'J).tng post hone., act oss the .tpp'lrQ.tus, w}l~teb~ un-

20 cnphon spacec;, <''lCh J.lphabct o:;Jl'lCe hqvmg known "'ordo:; :ltili)mahca1l;t <tppear o.t ot'~et , 
thNeon the c}l'l;ractcts,.oi a ccmplet<' t1pha- postho_nc;, sa1tl 111Mns c..6tb.pusmg n plural1tv 
bet atranged m nbnoun tl c;equencc, the llt- or J>~P'J.IULe~ Jll~erdt'lngeap]e1 cqhupn~, sn1~ 81 

·rangement of tho ch'lr}.d<>r~.o:f thr 1~spe('- colpmns bctpg, IQdcpende!!!ly t:p.o,•n}l~e htfd ~ _ 
tne 'l.lph'lbets bemg lldY~teiJI f,!9H,t., @Ch nd]u'-tnhle 1d1~<'l) Co each, othcn, e11c1t ., • _ 

ZIS othe1, tlu~~YO\\el<. occtu,!ng m)onu 1tlphal.Jt>L <..Oluro.n ha,mg ~-phnnhl..} p{ .tlpfutbets n1- L , 

of <'aclt mut occupyrng sp'lcc.., couespoudm~ 1 mged 111 tn uh!,l!o]r<'n 1IIJ1Ef_o.nu e,'lSlf 'llp"'.m-
wtth t.he spaces oc<;up1ed by the YO\H~lo:; or .befj_,.cc,J:tnpns~ng t~ventj-Sn: letters,RJlU ;I.):).tei,- 00 
the oU1e1 alphabets of till' S'lDlC.. UJUf 1 ~1Ilf<'t Y~ning c'lpl LOI,t spnC'..ec; betwlien tl~a 'llR)l'lP<>t:o, 
ent YO\\cls oceurmg upo:p. th<.. coue~pondm~ th<' ~cttctc; of t~.respechve ~1plmbef$ being 

ao 'owel spaces of the rcspcctn e alphnLctc; o.t llJ.ftcumtlv ar'l m~ccl relo.hve to,~nc},l. ot:P,~r, 
e'leh umt and clPstgnntmg clt'lracters ap- lhe sam~ !jequen~e of ~onson'll).i§ and T'O\\el::. 
peo.rmg upon the caphon sk'accs ·.. bel)lg mo.mtamecl fQ~ i!f )lu~ ,nlpb.'l?e~ ~of 95 

2 For codmg nnd d.ecQdmg app'ltutuc; a one coj\uttn1 "11.]1 t,he s~quen~e Jp. s;~h, col-
1m1t havmg 't S.].Ufa<..e d1Y1dcd lnto ,a plu- unm thff~rc,nt f~Qm tltat m th .. e pther-. .. 

33 rahty o.f 'J..lphabet spJ.ces p.n~l mten emng _ 6 A.pp u ttl,ls for. cot].mg amt P,c<:OdJp.g 
caption ~l)tt..ces, each tip habet space ha' tng secret mE>s!::>ages ~nsfsting of a phua]Jty .~f 
t.he1con tim ch t.taders of a complete nlph.t- column&. ,tdJustnWe tq one nnptlwr anq 1p.tcr- 100 
bet urang~d Jll abnou~1nl sequence, tho n1- cha.n~e'lulc w1th each olhe1_, enc)t coiurnn 
rnngement of the_~hltnci;.el s o.f the 1ec;p<'c- contnn1mg 'l pttlr thty o~ '!)ph'lbetc; \v}tere-

40 tne 'llphnbets of !;'lH.l mut }JemJr <llff<>I<'nt bJ the l)nown "Q\tlc;, may bo fq~m~<l and tl11,e 
fwm each pU1er, vq,,e1s oc~mrmg m Q,na nnkuown wpnl$:_ICQ.~, across ~n!1 ,<:9lu~ric;, n 
'llph..tbet of etch tJnt~ qpcupymg "lE_ U:lS cot- <'tt<i_h cohunn c<~,n~lJlllng n 'phn,9hty of alpha- lOIS 
l"<'">pomlmg w1th the F-p tees oc.cnpte!l h1 the beU., th!:) sp'lcmg of tl~~ \0)\E'lh.. 11,1, bJ,l tl1o 
'0"C}b o£ tho othe1, 'llphabe.ib of S'll<l 11,111t, alJ:lbabel..s UCliig'"'ti'rrgt\lRr, S\1Clt irtegul,ntlY 

45 drJfcienl.. 'O\Yels oCC\l.rrJug n11on the coqu- :bemg dlffe:t;enf fx .. 01n e::H;h cqlll!!ttl but ::.rrni- _ 
f.P011dtng \OWl'} sp11C<'S.. of iJt~ lc;.'~p<'ctnc Jar lil all the o.JpJ1abets of tho SQDJ.~ ~o1tl,lllll"~ 
alph'lbetc;, 'llplubet d~Jgn.nhng ~h'll'l<..tl)lS 'l App·untns "fm cQl\ll{g'ioncl c'l9£tOflmg 1\o 
J.PP<''nmp: upon the <'tplton o;ptc.ec::, 'ln<lm}It J>ectct 1nessages l!bnc;t::.tlng qr'1L1r1urn1ttyLo.f 
loc.ahng rh'll \cil'1l;> .,tPP<''lrmg ypon ih<' C'lp- column~ ac.1Justjble ~o one nnotl~.r :.tl~JJ 11\-

GO lwn ~::-p .. u .. !!s "'""¥ ~ ,, • , ~ trt s:Imn.J!ea.bl~ ~J,!J1 C:'l<'h Q~~e~, enc;h <;olmt}n ", 
3 ~\pp u ..tl us fo1 ~odmg tl.ld .. de~o,hug t..Pnfnm,lllg a pluruht.} s>I alphabet::. whereb, 

secret Ules<.ages -const<.tmg of Q. ptm'lhl, of tl\e ]mown.. \\.Q.I'\1§. lll'lJ be f01mcd 1,\Dd the 115 
columnc:: 'ldln~illl.Jle to ont' 'luofl!eJ 'lpd )Jt· nnkni'mn \\Otds ~nc~ 'lcroso; .tll co1UJJ!~~' E>u~Jl 
t<'l.dJ'lll~enbl<., Wl(h e.tcl} otht>J <'ach rolnmn cQl,tJnm cpnt umng 'l plm 'lbi} pi nlp)tn~cf~, 

65 lOntauung 'l phn'lht.} of tlph tb.ct::. ''hete- ~he \O\\els .un~l ~on'>Om,lllt~ \\liu,h ntc~ ;t\-
U\ I he 'IJmO\\ll" ~\ 01 d .!. 'll! bJ:J iO,J.lll<'cl anrl laflged m sp<'Ct~ly c t1nthit..rl OJ.r,J.\.. ~ wh<'r~- .... 
tho "nnl-.no" n" "oHl ('aJ1 be r<> td act Q"~S 'lll hy 'lll the }~Lte1BI_ m the; tpt}.,n~)\\ n "..01.<{ aj- 120. 
C0

1Jumnc.., ch l1 Udlll7C.d by th,\s th'll.. C~cg £_01- )Vays ulffe1 ~1 O!Jl (he f!;O\l~l1011Cl~ng lctl..et'l:! 
unm of lcUus md;tc'J.tc!) op the. .wlum~ con- 1n the kno,\n }\Q.ra , - ~ ;:,.... ... 

CIO tmnr:. a plm'lhLy o:f ulphabets so p.u~Jnged In te~tunon~ whetcof l ho.'e nffi-s:~ my 
that <''lCh ,·owel of an p.lph tbct alw~ys coue- s1gnature h~rctoJius Oth day Qf l\lny1 f023 

It 
l , 

? ' 

\ 

J 

sponds to another but dtfferent "YO'\'f~l o.f .... , ~ • , .... :..... .. _ !~ ~';;,_-;, 
another alphabet of the !)amp cplumn, ~nd ~..... _JO~:JtPif'g~;A~SI1 'Ia: .:.. ~· _ 

1 4 A'\:'<, 
1 

• .., "'"' A ~ J r(~ '"';)I 11 '( fv• : '.1 ., 
II ofll'll ~, ',,! l .. trJ ., f • ..ctr r'* .. ~.·p, ..... ;.,, ~'-J., ~! / 1\o ~......,-

- 1o ... ~ .......... 

- ... 
~,.. 't.... 

... - ~ ~ 
.»" _.. 

t ,,p • .... 
~ 

. :""' ,-..... - _, 
-
~ - .. 
~ 



REF ID :A70411 e 

May 1, 1928. 1,667,780 
J GRASSl 

APPARATUS FOR CODING AND DECODING MESSAGES 

~J. 
- r- r- ;-

7 
= r-
f-
r-
1-
1--

' -:t-~.~ -- I -
r-
f-
r-
f- v -- I -----
f-
1-
r-

7 -:;;, s ;;;; '-

r-

' z 

I 

u 

Filed May 21, 1923 3 Sheets-ShePt 1 

~2. 

1/Y J"L?./YToe 

~s~PH GehSSI 

By~-

f 



REF ID:A70411 

May 1, 1928 1,667,780 
J GRASSl 

APPARATUS FOR CODING AND DECODING MESSAGES 

Filed May 21, 1923 3 Sheets-sheet 2 

q_ 1111 

~4 

,~~ ~ :.t~ r 
sc~v r I 
~ II ~ I 

~~~WL..JWL~....IL..JL..JL....IL..JL..J r-"~==L, """'.....,"""'~ --J ,, r-

' --------------------------------
Jose-PH G R.l~SSI 

6}~ 



REF ID :A70411 e 

May 1, 1928. 1,667,780 
J GRASSl 

APPARATUS FOR CODING AND DECODING MESSAGES 

~9. 

Jft.f/:8. 

zr---, 

-----------------------------

Filed May 21, 1923 3 Sheets-Sheet 3 

/Hr'e/Y'TO~ 

J()S£. PI( G ,eR .:JSI 

~~-

• 


