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'l'h onl v out l t f or t h ..... 0 1.t 1v . of .h Pt ery 1 t hro~h th 

k yt 0 c, hence to CJ ,. d th n t hr OU P; h t h r~ ul b . The result 1~ 

t hf' t t h E bulb lt hts . ,ore fl. ner l l v '/ c ~ n ~ y 

c. I 
If t · ·o o ont ct C of t he E t nt r 1t S" lz _,r connected 

t hr o h the heel t h en the re . u] t f nc i 'l') h rin . the letter 

oci t d "1 1th c i !l tb le t r oo i " t ed · ith c '. 

t ot i c th 1. if 1 ~ the r u lt of e nc i ph r i ~ then G is the 

t o f no 1 h r lnFo; P t t..h ~ l c l qo th~ t the re sult 

f e nc 1h r in G o n D' v r b 1; . 
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n rr1 l l y oon1c!1 into oontnct ·1ith the smooth aurfnce of the tyre 
which prevents 

of the R.n.w., li%0Xax::t:Lix it from TIDirtw,p: en·~~ging "lith the 

catches of the M.w. If however it is ~hle to Rliu in to the 

catch on the :byre of the H.H.w. it vfill re~r.h the C'3tch on the 

u.vv. ~nd ~··ill push both R. ll . ~ . ~ad M.VI. fo~·erd: of cour~e the 

R. l! . ·• is llein,g pushed for !P~d by the right hP~nd pAwl in any 

o ~"' se. The ooourenoe of such e n ovement or the M.w. is c~l,ed a 

'turnover'. Owing to the feet thet the r,atch is on the tyre the 

position e t which the turnover occ'dlrs depends onl:r on what 

whe e l is in the right hand position, and on the window nosition 

of that wheel. For instJ:lnoe vJith German service wheels , wheel I 

turns over betwe~n Q and R , i.e. if I is in the R.H. position 

then th e • 'I . will move :forward vrhenever the windmv no.s i tionof 

the R. H. w. changes from Q. to R. The left hP~nd pA···l oner~teCJ 

s i ""l ilArly to the middle Dw::l, but in th1is cA.<:Je it is es'3entiel .. o 
I 

remember thP1 t both r,~.·~· .• ond L.H • .'J . mov I fer wArd. 

i l ypic~ 1 ex,::;mole -:; of oonnecutive ·.·:indO"' --ositions •qith middle 

··1heel :tKll turnover E-F, D R.H.W. T.O. Q. -R 

AWO u ,,..J!., J .l:..l,t 

AwP BD 1 lt'.A: ~· 1 

A:. B ~ NFY ~ o::i 
J { .ru J.~.L'·L. ..)'T 
A.Jili CF.:> 
•L\T Gl''l' 

The effe ct of e nciphe rin let er denends only on the 

•1hee l order ( '. l zenl e ) ad the 

of the whe 1 ro e r I l . e . ,!!E.1 the 

., . .re cou ld im· g ..:.ne thAt there · a t 

· sition ( i.e~ Amount rot9ted) j 

· r ., ) •. To describe. this ,.,osit~n 

set of letters ~tt~ohed to 

th•- busin ~ s e rt of "' c h ·1he. 1 , , n d · t h t the letters 

Kbm, be see n through the · indm· 11 ~R the lett rs on t 

tyr.- s. ·. he lette- rs sen would g ive th ·'~b olute' or 'rod'uositlon 

or the ···1heel (the point of th e ei'p" .. on • rod nositlon' will 

be seen · in Chap ) •. ~·he pos,ition ·or the tyre r let1ve to th e 

busin s ... Art is fixed· by me -n.9.ot ~ o·llo on the bua.inesCJ .part 

which oen dro into_ boles neer the lett.ers. When· tke oll ikeln thw 
! 



h " 1 , 11 ,. t. u' I I. I o r • c · • " v t. hn '"' ttv 1e 1 n , t v J 1 11 Til~ 1. ' ' • 1 o r 5 

Lit •• t. It t 1 1. It~ t n I ' ' t' l.h• I. •toto ' 111' t I n of th form 

WltHliiW 1 tt.\on =Hod :I(, tt.ion 1- ltin~nt llun~ .,a- n oon., t r nt 

1111 , n t h o 1 ~ ( \ t b \ n 1 ~ u n <1' r . L n (1 d t h 1. 1\ , H , c : , , • • r111 1"" r ~ 

tn "' r·ohnng"' ble v t th 1, ' · '~~ •••. ) • b::x::a:Ull llorm l l y a~tma 

:ta c.me nrnn 11~ ~ t l' ' t thin nonnt~nt. 1 7.' ro (,e _..lao 

'l'he 

In :1 o r 1 ni 11 · 1 1.11 ,.. . ' ool• 1.1on of th"' oon t111ot~ of thfll 

Jo:1nt.rit1 ~w· l ·: ., lt.hLh k y'l nrl. hulbn o n he v_,ried. ' 'her re 2 

p lr~l r ~ l< · tn lrh lle t with the let . ra of th "'lph.eb t 

on of ,. oh pnir le&d ln t.o n Clll t t o f the •: intritt w lz ~nd 

tlw oth r tu one of th k y!l. tlo:rtllAll v the two ooket!I:J Are 

oonn cttld to·· th ' r lJ " IJidd n 1ri · , if howev ,. "' teoker' 

i :J luR . rl i n to t v n l r of , ooket~, W fllnll H ory, the springs 

re foro• tl A y nd n o on neo t ionr1 r 1WI' de through tta Steoker, 

tl1e ~ key he in~o~, oon r r l• d to the o on t ro t which YIOUld othent1ae 

he connected to til H k y . n vioe-v r~fll. 'l'het W nd R are 

oon1. ct d hy :l UO h ,. lu l. Tnr n ( ( I n th form 'W/R' or 'R/W• 

'I'll e ff nt.. nf th .: t., ok r on th eno1nh r nt i~ 1'1 \l it ~1mn ls. 

11' nt 0 L-'111 . 1 t. t n of the IZII whe 1"' 1\ et1o iph red l'veA N, 

(nbt r vi too t AN) ll n 't t.he n"r ., s1t1on 1th Jt6oker .. 

A/V ,N/0, II pr r lv pn oth rto:~ , " 6 ve VO; if in t .h ve the 

. i t ck r· 1\ (V but n r • I · v lvlng t• . .. nhould. vo VN (or "' we 

nom( tl1 :1 nn y th '0 n!1 t,• t1< n' v q. ,, 
lll 11: f o. 1 le enoj. l)erm 
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l 111 ' " I' ' 1111 • " ' ' ' 1 l'r ' '"•l , '' " t.' .,,, l, lu r1 ,It. l• 11 ( prj 
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, ''~' " · ·1. h• • l ' lll t'. l t id 11r' L,ll wl1 11 • 1, r tr th r it w pot ,:r 

t.lt(t 1•1\ l l I \' l1ln l1 I UP I r ru > 11 l il t II ''II ,V ''' r11,1nt~ 11 t h t i 

1Wt' I 'l, til l 1 

'l'lte o ont r t ::h lo 1 l:l u p I"l t or n· r I to the- pot is o lled 1 

A Ild then the numll rin ·. 1~ o ontinu in nlook\'liee di t·eotion. 

On th n JMke ou aoheme 1 tk thi 

' : ) 1" IT I (J" 0 () t 0 t, 
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2 7 8 

•· Lx 11 ,. ) 11 t 01. 3 l r) 14 
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I rom th ., l n t of v t • .. r th crynto r nh r the mo~t n~tu~l 

., y th e 0 t no t 1 I' ill h r d iff erent. One would 'OUt 

th Hi n t ro, h n p in the window, .. n4 
rte-r 

n m t 10 th ri~o'ht ot t he • I • . • 117 the lett.r 

0 o . 00 1 .. 1 th t he o on t t f t h ' . • hioh it touo!)efll, there 

be ln.-; · w d to 110 r. 'l'o oon ot th e two not t10M 

lt 1 old b n o ry to k tnt eon 1 r tion th rel tin 

!103 t t 1 ot the ~ont. ot c'"' ot the E. . nd t l 1ndcnn.. ~n4 1 0 

the 10 it ion of th olip "Od ot n the 7h 1. Here is rul 

ot tlnun tor t h i n II, 1 otrloi n d t, LI'I fro· t orynto r-- h1o 

I t• 
' 

illu r · by I l I 1 I. • 
'I rlt u lrt. ht ot the 1nYer e Ulll tor the 

od "bOY it " on 1• t.l 0 t. 0 1 t.n •'th 
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16 ,, , ..... ,, ,.,. ,, .. /' '7 ,, '1 
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'.I I HI I I I I ' 1 I I I I .t If I ' I I .. I I ,. I. I' I. I. I It I , ( . I )j j r " n f) 1' , I 1 r rj ] in 

\. I• l) I I I I' 1 i ltr }) c ~ (] f '106 i b l .... 

· r "' 0 ' I r 1.ll1Il ' 111r U" <l 1 t 1 ~ b ' 't to reo1 0'3 the PChine 

\' 1' I 0 p 1. 'J. r l-1 [ 1 r (' • F c h 'l lle e l by r. Jml~RXXX:trt:xcp::XJJ:l'n• 

strt of u• r ct 11 per .-1 f!n r R y "" s a uc. e e3 . The a q uP re in the 

ri h t h nd c ul1unn f the strip re pr~ 9ent t he g'1rin.g oontPcts of the 

·hee l in nP turPl orde (t o 1 lee the s our re of t~e striu -9gree 

,· ith the contActs of the .1U,eel one mus t VJrq p th e strip round the 

\''he · 1 with th e writing on the stri ,.., inwards :). The sfluares on the 

? 

left r epr e 'lent the pla t e contqcts. In the right hand column is writter 

the diaKonal t wic e ove r, these being the 'oryptogi"?.phers names' o-r tru 

contPct8 as e xp1PinP. d i n the le s t section; in the left hand column 

let t ers e re e lso written, qnd in s uch p A' the ' squAres containing 
repre s ent cont~ct3 ~h ic h ~ re 

the s me letter 1r:r. connected together. Do.'m th e centre column 
~ 

'll y be ·:.rri t en th"'. numbers 1, ••• , 2G , 1, ••• , 2tj . The s e numbers serve 

t o de ·;cr i be the osition o r the · he 1, either the rod nosition or 

the ··, indo· osition Ac r ordt ~·t o ho·: they A. e used. ':' he U"1.kehnnrlz 

is re !"resente d b ·· ~=~ ~ tri !"'' three s qUAr s ··· i de, ~ ontfl ining i one 

colwnn t he diP ·on~ l re e tPd( t h.\ s i s not e ntirely e senti"il) in 

Another the num e . s l, ••• , ZG re e~tesd, he third column repres nts 

the contacts ~ nd s1un re s re present ing cont ots · hich ~ re connected 

c ont in the s ~ me number 1 i ch d oe s n or eKoeed 13). The machine itsel 

is re nre s emted b !:' she t o r p per "l ith slots to h old the 'wb ls' • 

In a colu.rrm n the right is writ en the unsteokered diegone.l **''* 
~ to reure s ent the E intrit s Alz. I t is convenient to repe~t 

t'II•••K• this ~'~ lnh~be t be tv•e nn e nch l . ir or whe~ls. The sure 

be ring the letter be·tw n the : • • ·:· . Ann the ... • ·;.· . '''ill bw 

c~lled R.H. '1 .' rod point ' or • ' • 'output oint 1 • B t een th 

whe e ls ... " lso ··:rite 1,. ~., 26 ·epented. The~ ataD:xK:xt-x:tti 

t:iia:xj:j:q ere used f J r d . cribin the osition o-r the wh el hen 

the 1ngs tel1u i ~ iven. To tmder t nd haw this o,n be done 

~ ne d only n otice th t the s e"!fect e moveble type 
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could l>e ob i h d l>y 11 v l111~. wtndown "' d pnwlr• w.h toh o r u ld b 

.rotnt1 d r un4 the \'J he• · l n 'in' At , ~ 'l'o u ~1A 1\hl!l Hinf.l;~tellWlg d vio 

on the cunio ~trip. \'e mn k oenoil mnrkn "I .A1nat the nwnber 

'I 

n t. h fi xed . he ,· t And r , ,d o'ff the "'lndow 1'1~A~t1o.na on th~ strins ......, 
opposite these m I 'k!1. w · n l. o m".k·e· uerTMnent line~ on tht!t etrin 

to ~ he· : v;here thC::J turnovey oocurs." Wh'en · the~e linee n,.,sA the 

i ang~tellun mr • rk~ ,... turnovo r ncrur~. 

h r. A .: t.eoker '."16 r ny 1 " V" n OOlUIDn On the rip;ht ' . 

for the k ey!l to Jll icll the o nteot8 of th J•:.w. ~r~re oonneoted thr0u~h 

tho : i tncke ! '• 

" h~ r ul0 f t ll n mb f or thA mn ki 1''' of no ic Atrip~ i~ to t1111 

the 1 :· t u ri ~ ht o f t h rod !1 u re for thf;1 left hn nil coJ umns 

of t h n r t n~1 • 

l._......t- n r "r . ,., r r t her •. t r 

th f ix• r! ~ ,. I l ~-· n th_e ~ t ri "" q ho 1ld be i n the order of 

Lh • n in p;on 1, r • r Jtr n '1 ~ AHC IJ ••• the '"'~O lnt of 'Nritin~ the 

1 etto r ." i ll t hi:l n rrl r 1 ' t I n r~ v P.I r . trin 1~ ut i n to the 

T'1 r ld n t h r wt 1 '1 t I ., .,, n f 1 t t r on ither ide 

r) f I f t il • 'I 1' •' t .. I d ) .. r y t o bqve one 

I r d . 'I Un r n ' f r L (' ,, I n l ''/ 1 n 1 1 t. h ~~ . II • . 1 it t on POd noth r 

f l r h c n I h• ' I t l 
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It I II 
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l11 til nr • nr· of t.h .. n 

I ll ,. II 1 I o hv l n u fril l! t.lm r 

r 

till 1•: . • , t. }& w I u I 1 JnH v 1"1 I 

t o 

y b ln oon ot 

wdth thn l ll !lu t. ·q r t.J H .lf. 1. • w1 t.h Otn n•ot 11 to th 

I . '"'' I ll I II L II II t. 'a r r t hi , I !11 . nr t. h ·.I(. ln t 

IUOV t111 ~ t.r t rl t J V 1'111 1111 1 'li d 1. 11 r for•n. f.lt r d tnt c1 rtbln 

I I. po 11 Ll •• ll 111 v • r k'J 1·t'l ·, I II JJ R: 
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1 

r \: l f t.hn rod . 1 w •Jr t t.t n n t 11, ot.u 1 on r t1 o r d rod , l n 

u . · "l h flt n r d p• r • } t lUI U th~ t ., ,,1 h to .n oode 

h ~ t n 11 t n,, 

d ,!( ,VI DMF I"N h~X./\ CM HWWX:U .mrry NGVVX: J>Z. ••• 

of n t mnr~' t.II· · Il ~30 v r ou ofl , th t •:: know th whoel orl1.er to 

b I 11 1 l l ( ( : re en , ct, Purple), th6 H!n 'Rtellunt . to be 

.,6 17 10 13, , n rt the ,, p ruoh ~ohlues e1 to bA 10 . > .16 1 
the vr 1nt1 o·· , OCJ it !on 

i.e. t..h '· L the willll!D:Xllllstttm• r hin ., h oul d be get to 10 5 16 1 
I 

ll'X b n d t..he rt Ci ph :tlnp: then be~un. fir '"' t work OUt the 

tu.rnove r '1 in t e r m;, o f rclad oq ltlon!1 . \" he 1 I I hes windo"' T .O. 

~-F i . e . 5-6, nnd ~ !ne e the R ingst~llunK for thl whee l is 13 

the rod 'l' • 0 • 1 l ll -19. 'l' he middle wheel ·•indo ·' '1 .o. is ltf N-0 

nd the rod 'J' .o. is r 4-2~ • o N xt we t~"n form the oruchsohlues q 

1 0 5 t~ G 1 into r on v lue by 9 U trAot!ng the R1ngste11ung. '/e 

obt.q in 10 1'1 10 14 nn d •: e o.qn n ., "'ri t ~-.xraAxam.t~±•••••' 

:ta::dtDD:'Mx OVf-!r the lett r. of th~ me rJ S"il.e the ron nosition~ of 

R.ll. '1 • nt which the y " to be enc 1nhered, remembering tbet the 

Imst:"k:Dill wind ow '"~ O ~ itlon .. t w l.ch the fir s t let!er is enoinbered 

1 

the 

is not the ~; ruoh'lchlue 'lf' l but its ~uc r· essor. '/e OPn A1<:Jo m~rk in 

t he Lur overs. uver e f\ ch ~ect lon betwePn turnovers w~ c,an m•rk the 

position of the ml rt dl whe .. l. 9 the a Age ls ~ not "'lOr tlwn 

150 lett rs no cl · 1 l 1! •• wl b e • rhe d Pnd t..he u.K.w. will 

t o t 1 • nd the L .H . .. . , t 14 throughout. a~n work out the 

eff ect of the :J • t •: o •·rhe l s for thi!.J me ~ ge onee nd for all. 

,/e t u p t h c tio sLr ip~ f r the lJ • .K. . Y. 1d L. l to this 

po'3 1t1on ' td r " U off the pr 1rr> of t . i . rod ' lnt whic h r 

connected throUlt,h them. ( ''h f ixed co lc .,t rips Fl~ II bn ve tb 
J 

. K. '• utd •. • · •• Je t t o t h i. 'l l tt .-. r The .· r ~o, ev, b , k · , 

nx, we, mj, t d, ~~ fi, yu , z l, ~:" rom these •r ish to 

) '.n th e oonneot lnn ~ Lw en t h r t :ht h nd .... 1 roo oint 

CD l' ] V 11lt 

10 

1 ' 17118 ,1 
-·· V I D 

O" 1 tl un . f t h 
11 

?4 ~ 

. . 
... ~ I 1 

A 

I f ... 

2 3 

t uu the r d rod 

... 



f 

/ .. 

C ~' ul'lllll t-, l.u Lh JI1 1J ' o, v, ••• ( •r• l•'if . l3). Jn~nyrol• or 
S&-t. ~ 

1. l re :-1 u 1 t. i ' ,.~ m:al:lll:Jm w 11 1 f "unc.l Lhe lP. t t rs of the 1 oh~ be t, in 

., lr. ; tb ~~ t P' lr~ r . t.h,~ . }-t • • t . rod Clint3 whloh re connec ted 

t o eth r throu f'ol; h the l . K • .,. .,L.ll. ¥1. And .1 • " • ith thE:! U.K. ' · nd 

L. o~ . ·.~ . i. t1 Lll• : l l> ~; itj , n 10 1 4 F\D<l the r .w. 111 the nosition ~ iven 

!•' i t II in the C 1 ;; o or r.olunm H. ln {l rctor to decipher the pnrt l"f 

th • me ~~ , t:o b Jfor ..- the firs t turnov r "e '"let ll '1 the 0 1Jrole rod:-; 

Ac r·ordix to til p lr~i i n oo l tt., 1 10 of l•'t ,v: ~~. ''his set n f n i r 

purr 1 ~et-u r · r t he os r· 1 ble c onata t ions 1hen the r . K. ·:~· .~kbtb 

lllllt:x M:dx~ L • . : • . ·, ., A lld .: •• J v t h .,o ::~ 1t~on8 10 14 10 nd the 

th re fore u:1e :ttrt.cr the net · for dec od i r~ u ) to the f 1r t 'r .o. 

/\ ft e "'·"' r d . w l ve l u r , r ·o t 1 ,1 the rod~ ,, 1 the oouo11ng 1nthe 

I L'" 
J 1 tll c u l ll! ID of the red rod . et-u ::> ( Fl .. ~ J 
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rJJ. 
rJJ. 
< 
~ 
u 
~ 0 Q ·c: 

0 

'€ 
~ I 

,, 

'n r 91 y ' oa 1 t 1 n f. t'h ·. ' ·h l A of ~ m.so hine th letters ot the 

lpb b t o n be put into 13 p~ ir· so th t th o r•·sult ot eno1pber1ng 
'-../ 

ono ember of p A lr is the other T'lember. These peirs ere usually 

wri~ten one under the other And celled 'the elphebet• at tbe 

sition i n question. 'rhus the elohAbet for the whe~l order 

Green Red Purple end rod osition 10 14 11 17 is 

t 
MS 
VL 
zu 
HY 
JE 
TH 
OG 
IF 
XD 
KD 
AQ, 
BW 
NP 

The order ln whio L the s re written · s im.t eteri 1. 

'/hen VIe hAve two f: .J..phP. bet:J to det: 1 w4th it is sanetilles 

helpful to de ~ cribe both el nhAbet~ s imultAne ously in the ~o~ o~ 

e'box'. Teke tor inst ~ noe the t p o ~lphAbets 

.. ~ 
VM VU 
ZJ ON 
E3 JV/ 
GA HI 
NP TM 
XR FG 
OF L'Z 
HI LR 
LD 1.11 
DW X 
rr YK 
UK AC 
lC ~ o 

To form e box trom the s oboos letter et rendom, y T, and 

!:allixbkxt:ltt. ·1rite it .down w-ith its ps rtner in tbe tirst 

lph.ebet, Y, "rollowi·. it, thus TY: we the look t•r r Y· in the 

second elph fl,bet nd tind it in YK; we write tbe K diegonally 

downwr-rds to th lett rro y. thus TY ; no 
K 

look tor K~ in 
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\I r 1 • I . ''" ( \ I I I I li t 11 .. T' I ·' ''Y . 1• rU111 t h 1, .,,,._ ., t 0 
KlJ 

·ry , tll1 'l"Y bu t, I ,, , 1 1' \'· •· f I t.o n n n t. I r11v Lll 1roo v should 
~ K J 

v v 

1. 'l'Y 
KU 
vr. 
'l'Y 
h.U 
VM 
'fY 

Je th• rofore drfol'•/ n 1 tile, rJ leot ~ ne"J let1.Ar, nsflly, An, 

v:rit t en. 'l'hun \':e 1: t 

'J'Y 
J(U 
V1·1 
TIX 
~ 'l'J 
OF 
GA 
C l~ . 

DL 

J•:volltU lly When tht "{VI r no 1 t ' rJ"1 loft,_.; . to .1 "• ith the 

~omp et d 'box' (fl..~ lux) 

'1'1 
h."U 
VM. m 
PN 
Qlr 
GA 

c' BL 
~ 
Z.J 

fD 

T!I 

'I'l1 re , r v• 1· lou r r m( r k 

plotel:r d• t.. • 11 i t !l th n l h ,( V fro · "hloh I t w tMde. Also 

it o n b lt t en l n r lou~ f r rntl t pend in OJ\ the 0 ho ioe of lett 

·rl ic h ' rt 1 1 cl Jurln~ th ) · rooe . :1, l ut t rliff rqnt bo~ n· m de 

th m 1 lJ 1. ! o n , 1 • v:1 I · t. r ••Jt. f :rrood lnt ' fi n t.h r 

y , oo btn• tt on Atr th 



-

1) l\1 r · ,_, l n · t.!J n n r· d r 1 f th oo " "' rtm~nt~ 

110 , "1Vitw • ' ''n hr r c f J 111 ·~ from thn t on of the mn rtm nt 

t.o thA hoi t om, th r c (: r of ihP lln n r TT1fl n 1 np; the B~me 

t l i) H tntin ~ " comp, rtmeuL through lf30° P~l>out its centr•, And 
d/ ~- 0 

t he n rot1-1 ting O AClt lettorA through 1 13 0 About ita centre 

on0 1ip;ht r rt ch n s t,..t of ffA!r~J like thi~ i\B 
CD 
E. 

And tlv t EA ocr.ur~ in the first lphPbet, ~nd ne ·nould not then 

kn( · ·: ~·,hat to do. Thi. ia not A c tun 11 y no~ ·ible ,_ 9 FA in thve fir t 

AlphAl>et ·would oontrndict AB, For the ~Arne re,..son it is not O!Pible 

t.o hr ve .•: couPlt~c1 v:lth Any other letter vthioh Ph~ ~lre,..dy oo~ured. 

If ' :'Je tl.ink of the column~ in a oo '-'rtment or P ba. "'e see thPt 

the effect of g o .; ng dovm the left hnnd. column ot A~· oom Prtment, 

or up the right h~nd. column ·tves the re~ult of eno ohering Aletter 

with the fir. t "1 ph bet r. d th o enolphe ring tho re aul t with the 
v 

econd. Consequently if xa:x:a::x:wx:f:txw::.x'tb 1nst Ad of bein. given the 

n lphAb t !· . h v the re ~ ul t of thi double eno!lpherment we shall 

(llmo~ t h ve the box. ',"e nhn ll not kno·1 ho" rnu~h to sl1 e the opposit 

dide of n c om rtment rel t1ve to one Another, And 1n the OASe ot 

como rtment9 of e nu 1 : i z h"' ' 1 not kno•.•; how to p81r o'tt the 

sides. 

" he effect ( f en ""hP r i. t: fi ., t "•1th " t hen ith {J 

'the n . rnrutPti n ~«. ', 11kts "1 

then ~ t e n r "'ill bo c 1 d 

the effeet of n ·inhering 1 th "' 

r/'3"' . r'or the e rmut tions 

there 1s n no t t o !mi l r to the boxea. Ho v r t h is kind of 

1 r 1 box ' do ~ no t e n b l on to recove r the origin~l 
\.,.. 

alph bets . Ii 1 ~ " ·o '"'lO r c ave n ie n t to write them horiz nt lly 

( th s mra p ·,li . t o ord i n ry boxe~, but th e trnd 1 t ion th•re is 

t"~rm.ly t bli herl). As n x~m le ot the notn tion 

~ IY 'U1 'P ) ( ·rc .. ~~D ) ( JJi.:XV HN ) ( J ) ( 0 )( C.) 



I"' 

' 

(J l tv lnv, c) , ud thon ,, t. r ~~I Vfllrl ~ ~ . 11k WlA I-\ J( eno 1 phAred • 

w ith[~"- r·iv , ,. 1., P onolnhen~d ~lvr " G, n 11 d J encl nhereci ~ive. J. 

VJlth the snme not,..tton the nlph bet oL ooul~ be ex:pre '1 9A~ tn the 

form (VM) (/',J)(EO) (<~A) (NP) (XH) (011'} (HI) (LB) (DW) (Tl') (UK) ( 'J,Ct). 

lf th 1etl.( 1·~1 of n pA!t' of lphAbAtr-t PT Aub.)eote<1 to A 

substl tutlon, r•ntl n new box i~ m" de up fro~ the resul tlng 

n l )hAbe t~3 the ~iZO~ or th e OOmpn rtment;J or th'S bOX Will be the 

s•me A8'1n the origtnnl box: in f11ot th6e box or~n bf.t obtAined 

from the 1'1r.'1L box by Aubjeotin~ it to the e,•me "ubatltution, 

(exo ~t ~·osg ihly for order of oomnArtment~ eto.): e.~. if w~ --
!1Ubo)eot t.~ A!lph,~bets OJ.1f to the substitution 

A l \ ' J 1•: Jo' l : Jl 1 J K L I N 0 I ' r ,! , i ~ ; 'I' U V 1'1 X Y Z 
Z I 1; Y 'I' t H II fr' 1 K 0 L U fr' ' .1 . ; I< '' C .I 1\ V X W P 

( / , to r n ] '10 J J\ Lc. } then .. , 
rJ.' (31 ~ 
AL f\ J ADO the box C 'I 

~~et the n l h )f9tr. 

PI .l!.U KJ 
T l IV li.L 
BZ. 1iltiiiR" H f 'RX 
XH NU r .. ;u 
E:N '1'1' ~ 
H.F OH B', 
OD 'D , . ', 
YV XM DO 
VIC WK QT 
JK ..1 I I 
'G 'J.Y VY 

UM 11m --m· 1 
Conv · r' 1 l f ·~· ( . r n ,iv.,n t •JO p ir •1 of l n hrob~t"' ).

1
;... 

~uch th t th~ l7.1 " t c · · tm nt·· ln the >.r. h011 

s"m a ~ in th ev box, th~n it ! A o. 1 ltt to f'illd ,.. 

"nrl e/v-
"~Te thf' 

su1st1tut 

which will tr· n9form ,.X lnto e 
.re ••t m py . uoh substitutions). 

nd f" intor ( ln r"ot u~u- 11 ~ 

h~vo only to write the boxe~ 

in ~eor ninl( O• n 1 rtment eize (!l'' .d, r,nd then .n ~ubetitution 

wl th th req lured p r P rty ill he tn one whioh tr neform.e 

let er in corres Pond!~ o itlons into one 11nother• 

on 



Th ., i / lf l l r. ) 1 l rl n L· :t hox , n1 (j 1 · th'1 cl' 

he QDDs br• k . \ ( oyc J • 'r 1 >Or, nt, )'l iP r 1 h"'3 

n - if ' 1 t. h 1 t r n 1 ·volv d RUb ,l. c.;t r1 to the "' 
ub . titutio , (· h icl 1 ht b ·Lee tee ring). ~:rtD: If · te "rr ite 

dO\"n th l , th r"1 nf the nycle"J of ,. qubst itutionx 1, -j13 c r~- s ing 

rd r .:o o t in 

subs titution. e. ) • the cl s n f ~~ tL ~" b ove 1 11,6,6,1,1,1; ith 
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ltPrn t lv !1 of h dm h· natth r. t~ oon r,..di~t both Alt rn tiv., 

of the other. "It th d •nt o .1 •· Tnf':l nq ~~ to oonne r t thg t···o ~ 
I' 

hypothe s ... q to th r nnd "'ith e tnto 1 we f,qil to r.onner,t but~ 

on . of the hy othe c s c onfirm~ it. e lf. kKr Th~ informrt i ~n 

h "l ve obtAined bo t th . rod from thiq 18 8Xpre~sed in th 

In ord r to rvoid bo us confirm~tions in vTh,qt follows it 1~ e 

whe nev . r we mqke ~ d~ duotton to oross 01t ~~one of the 

constAti ' n u. "d i t.he deduct! m. lfoxwD'l Un to this uoint 

the CrO'"'!l in 0 1t h '"' be•..., n done ''ith r d trokeq ~lenting UT\ to 

the ritrht. (Gre n v e rt 'c 1 ~tro ~~q '''Cr'"' u .... o t .o limln~te 

Fl ~'ca. 

.. 11 

repet1tton 'l o_ n con~ t,t i n, r Pd v r ivPl ~ trol<e . to r move 

oontr rl iot d c n~ t t F\ tlonn.) • From nO'" o for ll tim ··re '" ill u 

~illrly lntin ) ~,~n~ tro e~ . 

p t no· . . , n t r ' t t A t rt' , nnd 

,. ul its of th 

ro 1 ... h,_ """ rte th-"y 

o· t~ t, n~ ·· should 

"" lQ :tUx 

awl 0 "" t of th 

rod. 1 , p • t ~ ... r: ' ~ s, 1- r, t, e-+ t1f t -.. ~ 
i'+-- ~· ~ f . ,. 

no , 
:X 01 C:U:Zitt &lTD r 

ool. r o col. 

d i 1 11 0 

in o ion t u 

t he u It t 1 u 1 n ro eol. 

d col. L:~,. 

nfo J; ion · o 

lo 

,.1 ~ , "" TO 1 d ,, ~--= 

0 

not r. 

.... d l on 

hlch ronqforme 

D 1 S or " 2." , 

t further 

1 by finding 

1: in ... o eol. t'•14 

n t t· 0 ets ot 

t t di•gon 1 
. 

or ro not . too in .. 



l n t h , p r ! f n I • Of n t ' k th r. o 1 umn " , d , f , (I , .1 , k" ; 

. \ t n l h m u1 l lfJ r ~_., , II , . , ? , 1 C' , 1 1 \ Jl . 1 , rl f' t h ) . t P. r"~ t hi 

rr I n d . t o -r .... ~ 'V' l ~· ~ ..,. ·, ~ r' ., \ In ore! r t o ' . . 
. t. th e 0 01\\ I1T q~ . ( lo }( 0 11 !4' i ].!/for R ~y-t, Jlt=> hr)othe ~ e ~ to ···o k 

11 r d .... r t o ~ d rl i ll t he ~ Y 1 r r col 11mns . 'l'he .., hy ryoth e . e n ble us t o 

l i'it i I x t.r• 1 tt. r r; 1 )I th A Fi r~ J+lo.r nd . ( r.on tinue t Titr! in 

l et t. , r R i n t 1 t F! f L ur" t1ntil ,.,a r , r. h con~irm ti on ortt n 

xaK:cilx or ,, c ntr d iction. Un til ·e rP ' clt confirmation it is 

~ \ 1 1 to d iffe r e ntiAte the let e r s tQ t Are cert i from the 

r e s t. The hypoth se n thn t INS r<ctuAlly U C~ e d . ·er'9 : ~ c trlto g 

IQ=SE: gtnto k XE=ND. After A considerr, blP. P.mount of work our 

:trid rod .q look like Fip; if.". The line ~ crOS<iP.d out ~re one~ th~t 

heve been AmalgA meted '.-:.·ith others. /P now think •,re o~n st~rt to 

look for the di~gon~ l, And therefore ~ke up the nermutPtions 

tr nRfonning c into f, d into g , f into .1 Pnd p; i nto k. The notPtion 

is thr.t of p I 9 · , except thr ,.,e pr~ I:lOstly 1il1Ptlle to com lete the 

br oket~, n ft le v~ dots. 

c into t 

••• DeY "VJ .J TAAi tn •• •.. :., ·op ••• KE ••• LUB ••• : ... .... ·• ••• 

d i nt o" g . 

• • • o~ C l ••• J \:JY . ·• • LI ••• 'I'U ... , •• D OR •• o • ZV •. o ·.li •••. 

'f 1 t o . · · 

K •. • , R. ; • B "~.·, :; •• 0 P ;... •• o ex :r: .. . , . fD • .. E ••• L, •• v •• 0 

) ir:to k 

•.. n • . . (a ) . o o KF ••• ITrlZ ••• · · . .BL.T.~G ••• PA •• .-. • ·~~ 0 v • . v ••• ....., • • • • • • • •• . . ... 
• P. h V P no··: o ···r i 

. d 
rmut~ i n·ove r tije _11 ~into 1 

g 
t nto f 

rmut t i un, ~ nd .r i r:t t o ; ov~r~nhe l n t? ~-~· 
• ( , 1 D I I 

l P t t r · K"j:JI c. i tn. ·f· i"lto .t gt~> ndq ever 

cd 4n t o ' nd ,. i n to k~ To get ~ t rt on thi~ 

h uch P •·rpy 

tbPt :tD ,iv 

t he s r e letter i 

o s rv the c onf ~ur t i n of t . ring e le t e rs. Thi s uggest~ th t 

:e rre nge t e .ut~>t i n i n '1 1S "'AY 

DCY J ZTAXR 
DEBXOR 

___ .....-



l' h i,.. 1•: r1 1 11111 1' ('t Jl r li" Jr • rl IT\ ll ' 1,'j rt1f ' ' ' • nfl 

( l lCY l,FV ,T '.T1 ~ D ) 
( •;n , Olv 'YGI .. l.TD) 

10TK 
O'l'Yll~ I 

t1. ll ; ) I l 
1: .JC 1'J 'l l I 

••• HC ' )· •••• 'J JJJIK ••• L :.Y UQ.R •' ••• ·. l~ 'AV ••• UP ••• 

·• · th r,, rT'lutA ion 

~ ·, " u ~.t b• f o l I · · r , . 1 ~,, jii~ftxllr F. , L, 'N , or U • If 1 t 'q 

fo1J o v1 , 1! .. t 

An ri the d it~ ,on 1 31 ich~ A 3 

( JJC.J l UrLX.Y'l'O·b :I!'.. ~ X. I :; .. ;G"V) 

If Z i .... o1lo": ~r. y L · ·e · v th 1 i ts 

,1::) Oi:JR 
JG c r .ITU : 

}(} , 

H 
LUB 

FPt.:.V 

iln:!I:Dai, C P. TI 0 1ly b rio. r 1. v. his 

(KEMGGOPR) (B, L) 
( HID CMTU . ) ( FP,~V !)' 

( }:f<. ''LUBr1: ' r;Q?R) 
or 11 P ' h 1~ i HF ZV IC ~. TU~,) 

( EDN J DiK ) ( • • • ) 

(UP) ••• 

both v 1ihich AT'f" i· 1., s : i 1,:). ~ f , iC'" fol]o•··p h~~ !i '"e h~ve the 

bits 

M.SGOPR KE "I WB 
iG :CM'ro~ ,H .L 'ZV 

~hic h fit to et he r o nly 

( rD "GOPR ) 
( I:OO'JCr.mJ~.i ) 

(LUBW) 
(VFPZ) 

!lnd "'3 bPfor . t h K confi ur• i on m~kes thi · 1m osslble. We 

cBnnot h~v ~ f l]o· d by E b CAUS of thP 1m~o~qibll1tv of 
~t~Z. 

fitting KE onto 1 • Th ' 1 .:. 
II r'P: .JV f\ 



11 c . :: r 1.0 1 1ln ho ,, to 1• t th ... upr i t-' ht of th~ VR r 1ou. 

•heels ~"~ ft .r th1 . ' oint.. '!'he l,·,ri ,ht f thP ri ,ht h nd "'he •:l 

\ JQl ld be• obtn in n lr r · rrr.. ng l n . n ul' l> t t?J 0f r on, Rnr1 the l""l idd le 

he P 1 h t c· t t n d · c r t b • on p. l g .l it h luck .. ,e • i~h t find 

o t.h r m . ~:; on 1.hf· rm r!· 'T 1·rj th oiffer~nt L.H. ' .' • '10Siti •0 9 

"lnil so fi nd t.. ll L .H. · • 11. ri ht. I n th~ cr -:;~ t hr· t the llmkehrw~l?.: 

is n~ovr ble thiq m ,. hP r~ t l'lP.r tricky •(••------.. 1§~-•a), hut in 

such fl c·~V-' X 1.hP. P. r l' r '"'~r p bl· · no Stncker, rnf3 '"e should tJe 

C' le to s olv e other d ys by sin · le "lher·l nroces p , ··1ith thP 

··nown V!h.__~ l 19 iTt the .<.ll. ·,· • no it' D, ,..nn hO'"~e for thP Un\cno·rn 

·· he Jls to ocr:ur i n th • nos i tion. 

In the X ' ID "~ l e - lvn r ov r. the dip ·onql i s PCtu·lJy AOOD ••• 

di ::; one 1 ··; i th .J tecker, r nd o f c • r~e in ~ uch P c · ·e te could 

not h vr.:> s ·· ld h · t.h fund • en 1 di · gonpl wr.s. ' /e shr uld then 

hAve h d to ri:nrY1.'1liXt'h.II:Y -. roc~d o try to qolvP other d Pys 

keys by . id~ r net 1o n<1 , "' ithout di·gonn l boPro, Pnd pg ~ umin 

tern or rily som 

non rec1'7"roo ,..,l stecke ri n • ,'. i t h t · • r thre "" 9U~h ve ys · · P. 

ShOUl d b Q 1 to fin thn ~ t Jr l fund ~P nt r l n i c •0 nl by 



1-

It• • 1, n J· ·· 1: , th•, '1roble 1 of g~t , i n "" ou t t,hr; 

ll 0 t.,i lll " or . 1 • l l t..:.rt l y n . c 1 1 • (J' • 

nr. 1.1 1 tlt J dinc;o ' 1. The r• 1. • nethe r roble r.1 , th_.,T t of 

oonnec · i on8 •J f ""0 I ·. '"lY introduce d ""h_erls, t~ 

ol r l !'l , or t ,. • r ·i ,_ ~o 10 of t G • r .... 11· i.r1ing ~ ., ~ 11: t h i1 

l 1clud .., t c · ,. of - ci .;i ' f UMkehr·J~ lz. 

':'l J '• J t :.u fu l c r-: fJ r 1-;e t t in Ju t the · e· ·•r .. e r l - i "'rhen :tit 

o:~u of t .J3 " o· -:. • l.> J C ' u r l r tv . I. • )os iti on. If the 

"c i r.e .. r:~ :' u . t c ~er t . r #'-; ir. : .u if ' iculty . ....... o 'le <) One rte s s ges 

tl ,., n . en ~ . . o· tL'! c o . . · e c i lJ ~ of the ., i d le "heel, P s ··re sbJ3ll 
three ow f :> r 

o ·ues ... ·fv -r; i s s . id .i. H :tp d i f "' e rel'\._..t tUJmovers. : o··1ever 

t . . .. . W. r od .. t r t h~~ ~e,..·::; f o d f ro 
j 

~u.e~ ... .:_ .... U"'"' t r ::--. ov e i t o~"" 1" t ·r: ""' t'l"'le to tes t P ::1.0t 1rebt>ble 

t roughout th ~es r { t ' ro c. · o r·:-- ::• e v ri o· . l 13t e r, f th~ 

La s~ ,. e oc rur c n e '·r ~ t · .. , · ·~ once for ill, n d t e mot ;rob~ble 
I 

punched out ! u. r u . ov r u·~.. · . v e .... ~P • l o · • .:.:' o r s i 1 l i e it·: let U9 

the couolin .... i . s~v r· l ~ c o.secutiv r o. iti ~ns of the nid~le 

• whe r 1' f! nd c n r p l y t .• t tod of o 2 , ~- to fi n d it : ·-:->right • 

I n t v c - e t : r t t ~ . -a r;!'- . • r ... t c ::er ··e .l eed r ther !!lOre 

d t" t o , " nd v r . uc h o r e pr·t.i n ee . T. >o r_,t of d-"' t n thPt one needs is 
26 

·• crib of l en t :3.' ... .. 70 , )"' ~~e o: . .:> f n · t h %8 n de-::>th 2. The 

ro blc .. o 1t c ~b,., i :tou t :' "' lt. i ·· th .... t one u~~ 1.1 .... 1;-ft& 

:f't :r:: "-13t· ·een e ~ h turnover in 

d t ar i ;. n · h c ou lin • 

. n ex . l 1"' ""he · i o le n th 18 ~q_g deu th 2. 

Thi s is to e r 

th '"'hich h~- bee:1 c ut o· -:1 t o 1 o·· for- turnover. The 

t ext of t v c r ib is h m At t "' to of 1 '-"'l.. • l::lla:aXaa 

3tecke;- . There t:' r c sev r" l h '" lf-bo. e- in th c rib , and ... e decid to 

··or:: · ·ith ~ 

( pn ) or 

• If to -~ ic .. ~ 17576 d i i"ferent h.-Pothe 3e , 

ondin t o t e ~6 · os .1 l e d li'fer n t p l cas 0 :1 t h_ 1 • ;) VI. 
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I d I l '' I I I ' I I I • I I I J l ' I I ' 

' · ,,,,, I • I ••' I f' 'I' h t1 

t\ I t " ' 
. , l . a l .. v' , 1 'fl " . ' " 

I I I I' . 11' . I I r •h I t 1 

• 1 n 

.:t 1' r 'I m y 1 I ... I ' to t. II r1r"" I r ,,f ro . ',, .. 
on ;mt 11 J t.l1 r no n I l l r tMzt 

t 

n on.t 1 rm 1. \on "n~ , rt , · r ,, • ru rth 

lt. "' , , •nrt.h ·htl hrln 111 : 1n e -x tr~ l•·n·,oth ' 

nth 110turl work1n~ it,'" ' ' '., , b t to ~"t. t.M f')rlb 0ut" In 

I I ': 4L o t.h r1 t. th" oonurrenoe" ot ,, ny l~~ttt r 

o f t 1 t1 ~~r ln penoll on t.h 

right-. p ,.,.1bly on " 'P' r t, hn · t wbloh sllf"lll unl'!fllrn "tb. In •rt~ r 
~ ... ._,t 

to vo1d bo .u oon•• 1l•t1on"' we ocn-er up tl\.,.f! oon t. t tl"n_e wltb 

hlrt hut one ,.. th, ... ~ ' 1"'. U' 11. F 1P: "-1. ,..h,.,·H tv "'Ol"klnP: tor t 

oormot hyl"'othe~w W/E,'l'ID. Th 'onv~~tr,t1' l~t 1 .-.r'1 ..-r, 8hev.rn rln • 
n orl'! r to •h ~ how t.lv work lnP. .. , 

or ror1 1 1 r lnP; wh to h rflt~lll t ., • 

'rh · ork' hr "' Jl I I J1 ·1. ·, 111 1 f I" 0 I ' 1 t • I I. 1~ p 1hl 0 P.O 

V' lu t I f '11 let,t,.r 

, nu 1h r n r ot.h r no t I i I t.. 1 ' hn t••.fwork 101: tro 

t hnlf-homte. ) I. d r 1·, , w l 1 ' ,. • 1 ' ' ' I I' . 1\1 1h r· or . I ·' t) k r X ot 11 

t•loh 111 h~ th• Cl 

(Ill 

t c• louk tor 0 llok . h ltl"h i.a.vn. ·. , i !"t \l r i . t tllfr un~ t ,.. k 

lt. 'l 1 M ' 11nl l '-" • t ll 1 .1 11 . "r.., ··: ll 1 ,. v r fl '0"' 1 1 ~ • J . 1" t. 1 . 

, , ll ' 0 r h t (1 t r r , ul t • . n. r 

I 1 v r r 'ttl• lllf'l h thr 

k t n (l t.ll • t, , r ht 

I I l 1 I t.r 1 I t Ill I I ' r· , v' 1 I ~ I I I I • r 11 I I \ . ') I , "r 
f, \i llfl II " f tUI ' r'll' f I 1 I I 

k t n'l1 or t1" t 

~ 17' 1th <! t. ·or t .h 

y rtnC, th-. 

t.· 1 1 rh• 1 

........ .. 



'l~h ''.' tit 1 r .l r 'I ' .. , u l u~ krr •• I r ,.o . c; ll..LI mo r J ' 01." lee 

Ot' U l t. t 1: . :t:lW n ~.(1 l .. tt 11 ! 1 T' O tl 'l t' ivl nl' , not th effect or p;o 1ru; 

thr , \ h th \ . 11 . · .. . butth•ongh li 11 thr r .. ,h elA '· n t1 11th the ~olu 

n •t c ""~ r · q • nn i n~ totilll , 11 no 1' 1 • n~ 1 t tons,: b ut to th~ 

'l l it ion. her th r r r • knovm oonA t.At ~ tions ,! .., nn U9~ the·1 

i n~ te d o f the ordln r r " roftq: thAr~ 1 ~ n 0 n tt r 1J,...u1t·r "'bout T.O. 
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11 • '(1/ '1\ l l P I I I h " I Itt o nn11 n t.l " () h1n , 

llt l l II t. I ll 1· r 1 11 ,. • ' Ill I l 1 I • \1 

t h 1. • I h ~ ' I I , 1 r• cl , 1't r ( • 0 I 0 r t.lv r r t II c1 t, l 

I H • . • ' t. l' ' ~~' r t. h. , r h , h t ' ' "", • tun u , <1 , 1 1] 

t) I " ,• tnr h w• I nrl J\(l• o f 1. h I' e ,'up 0 th n 
K 

t.h t. I " r·t nt• ]''} 'J ,,. ' 111 . Yl,HIH nr1 r • h n 

I ' rl lli\.N' llJV N • • • h • 1 t. o 1. k ·• ' "· 1 1nc1 nl1 nt 

h I h '1 , (l ''h l r. ll •·lh 1 t . 1 t. 111 ·. 11 . • ord t 1on, un l 111 ., 

f r t h ~' Y h v ~ ( ·• h111 n MOlv-.1'1. t 11 

t h •d thn pur1110 • h e l 1 nn t h r 1 ht.. 'I n hrl l h n h ve t k 

:'\ , P" r t. hy ' · ' th 'l t 0 • h rod ., 1 t I 0 '' t h~~t wtl 

t rt. in. W xww 

•rl th 

1th the rod , n n d •J I J n t ryi nH ou1. t. h h y p otlLJ,l 

n t.li...; r ot'l :1 '' . ., l ' "' k 
1•' 

• 1 t.h P' ' n d l • n l n t. h m •l t.h D 111111 r 
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'• 11 · n '· "' n L t.o tr the ~ 

diffAr n t mf':l~J R g :1 , n n n oe-rhn R for ~"nv iliff r nt ""~lP ceR i n th~ 
to 

!=I me · e Ke it my he 'North rrhil~ . nn k:e snecl~'~l stAtistics for 

t t crib. We c· n m ke At~ti:.tic of the no!litlonA in '-''hich thero 

VI i l l b 'clicks'. 'rhFJre in ·1uite A nroblen AS to the farm in 

., ich the stt'l ti!=lticn o up;ht to be preq '9 nt d. I 1ill de oribe two 

fo~ D · hioh h ·v ActuAlly ben us d; nRmed nfter the nrincinA1 

crib g for : hir.;h they e r mAd • F iwst ho•·r ver I must xn1 in · 

th t ~inolo ,y I sh~'~11 use. Let us t ke for P.X MP1e th crib 

XBH .l!...i. 'ELXX. fit t r. onto TH rt of 1.h !=~ "~'~~e AE IRCMTWBZJ. There 
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n d B t h C'OD ci h r let1 r , t .h fi .... t ,.. ~ L ... cond 

'crib lett r- ~ A t fi ., 1 t r t , c ib (' 0 ~_. .. t ro nos1t1on 

19 ' .. t::t: . tl, t t h 'rod rt ' i 1 • A th fir t crib let t er 

.:t'h 1 t r "' rr·,. .. t t t I r ib "')0 it ion 
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"hi" (I } ,. '~'"t r ., r u 
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• . or ivi .. i m ~ c 0 h d if r nt ., 0 fir crib 
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t.h l. . i t t n ut · ·1 t 1 nt .. or r for n r 1 1 

t U 'l 1n ~ Alvrt. 1 Yti)I))C f or ~h 1 tt r of th 

t h co l"f. "'ondin · lin f h h t n~ looll in it for th 1 t r 

• h i oh o o'll.- 1 xt l n • h gn : . •or ch ~\10 1 n t .r th! t . fin~ 

letter which oorro , on d8 totho firRt ~.rxwx~ 1 tter of th crib. 

'ie know where th~s 1. beonuso the on:bry on the o 1~ rt g ive the 

crib osi t! n . Wh( n '''" 1~ t :b8l the snme ntunbe r twioe in a column 
out 

try ~ the oorres pond i~ rod p os ition And po~ition in the mes , ~~tge. 

A o~nib l~ i mprov m nt of the 1 ~r out '' hich mi ht oon b1ne th · 

• dv'ln t~ ·e~ of the Pl':RcmUOOIDANTE Ann DHUESSEL tyne oh rt ould be 

tot ko n f Airly •t ide oolumn1'or e , ch click (11st,.,noe, 'Ill the 

co lwnnR being th e s m •·t idth , z:xllxt;•xnx. 1nstll'll1'1d of h ving 

s ep r Ate sheets, , nd to mAke the J in'3~ fp irly deep. The nes 111 ge oould 

then be · ritten out in ~ur e •·r ith the oh" • t. Ho v~r I 111m rna 1d th•t 
,. 

t.h1~ mieht ox both ch~ rt And me Rng un .,wieldJ'. *••t -rxws tbl• 

tm~r~• ••tww.ttx»•xtaAn qlt rn tiv nos i~le imnrovement tould 
oipher 

be to h · v s o pnrPte columns fer the different eeoond" l etters • 

'l'h1R would loo m nn hnving rAth r lr r ge ohnrt , beo_,aRe of tb9 

g re t vnri tion of th numb r of 1 tter th t ould h v to o t nto 

" reo tAn r.le. 
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on ro,, 11 nO th oth r on the oth r. 

Wh n ot t 1lop:uin oroe ollok• 1 m• ke PO t otur s like Yl P. 

by wr1t1n r th orlb <11 nKO n 11y nd f1111n~ no ~u r with roda. 
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oro rt 1111t. t n l'' l p; .)--o . 

h t , 

nly 

~ 0 r (l t I l ' ( 'u lrl tl 1 r t. (• l I ( k .. 111 v f I () r \ 11 d I 1 1 (' , t I I t 1 

tr r I,, 1''1 ~>II • ro(} r • 11 f'lt. lth , 1r r 1 t r r h 

or lh , ' • ~ · . 

li I. 1•: J, r• r· t h 

II !1, L A II 

l 1 t h, o h , rt. , 

• 

n 



ll tll th n 11o 1 1. noe, rod 1t111rt n4 o~ib POliti • 

Ino t lo u!n Lth ,. i t t ,, j; Ht:Ot IJJ N f or BHU :L 

h rt i n t. 11' w put tli ond r: 1 -phe r lett r• sll in 

o 1t 1 n n nr'l only onoe n .. rthe re~ in in g into t1on, 

!or 0 1 8 t r 25. 

J,-ohart!l 

Someti- e9 one ·rill find mee P '" 1 th 111bout 30% ot X' a 1n the 

decode. These onn b got out by~ ·~jo~ity vote' method, looking 

tor the R.H. Vi . stert i n: )OR1t1 n vrh1oa gtvew th p; reP.te 

clicks 1! v:e Assume the mes .<Je ge to sqy X:X:X:XX All thwough. 

number ot 

If there Are ~otu~l ly 30% of '• there wil l be ebout ae genuine 

olioks betwe n X's per T.O. : there 111 also be en ~ve~ge ot 

About 0.5 ~ ~P rent clicks r ising from lettere which ~re not x. 
giving P.ltogeth er 2.7 clicks per T.o. ith the correct stert. WAtb 

the wrong st~~ rt · ·e h~ve o:1.e bo us click er T .o. It we do not 

kn w·here the T. O. 1 the 41t1ed. In t 

rigb t ""11.-oe ···e h r·v 3.7 cl1ckC3 

wrong leoe 2.0. 

r length of ?6, ~nd 1~ th e 

in'YolYed t h8 n · 1th ordin T7 ch"" rt , 111 th re 1• no uest1on 
'-" 

8 s to wh ere the crib should be set · inst th:e ••siJ'\p. '1'ha v . . 
yeriebl s inYolv d the:-tt fore he fir t llln.d cond WI tw\ I '• 

cipher letters, t he clic k d t•nce, nd t 1t1 0 

first const~~> ta t ·on of t c lick. re r t · y of 

oh~rt out, one f - v ured b - ndr i ck • nd o • 
• 1th Turing's to or c :ri" kW I f I ri ::lx&:J:jdw there re 

rter the 1"irat cto r l e t rs ~ P. 

the os ~ i bl c lic ' d ie ,. 

rod '1 0 it ion entered t e 

i t t out cb; rt, n~ '\t 

c h let e r i n turn OT r the c on l e tte 1n le:rt. -

------

to 



v lt: 

00 hloh n th 1111 tor • oh 1 tt r .t 

uext • r th .., ot tb o rt 

dl otly bel 

:ta.:tu:cuxJ:Iuu• In not! th 

th e lm~lled rod at rt ot th 

own •• a:w '• Mhe OA loul.a te 

1n tb (; ~El ot th e tire .._., 

by ubtreottng th no.1t10D 

lett r tront the ro4 no ltlon 
'"""' ot the tir~t oipDer letter, i.e. t 

nt r e in t this rod RtArt th e 
v 

tir~t o1pDer letter. The rod 

nu~ r in the qu~re. • 

the ""Re ot t 

r ~te t n ber ot 

ntrie it 1 pre . umed to b th e rlght one. To a-s reAd 
v 

the meo rt r w h ve toltnd th e ....,. B.Il.VI. rod et,.rt we O"D 

try setting up th .e ro 'l giving the ollok8 nd •• it thla results 
./ 

in nny further !den t1t1o tions, but th l Mlrdly eTer glT a tb 
../ 

nolution. *- The r. ner lly eooepte~ methol is to t 

~x the coupling ivin tno ol ok~ nnd note down from 

o tulo ue th p AOf)~ in w~1ioh th y could ooour, nd tbeD take a 

'mejority vote•. 

In kin g nn X-ohert w o n m ke t ·up like Fig rJ • Tille 
'v 

will m , ur .6 x 0 nd rlltu•:daJ:xdl only on ot thea will be 

needed. It '1111 nl.mply oono1 t ot " rod-a'lu re 

x• tl o m th f) 1 ' ~ on 1. ' It n 11, klu t en r1 ta rttoul"r 
ot .../ 

rod po 1t1un oi' t.h fif n n. . i t.ion 1' th ollok ( 1.•. the ..., 
ntrl " 'h '(; p .rtioul"r uwn r 1 , r1.-tenVin tb QUBN )we oopy 

in penoll 
down lin from th r I rrnuc d rod- Qu re, t. rtlng oi te~ 

ntt r th X, fiOTO th to p t th rod SI,JU r , nd flllao tbll ool 

o t riin , f t t.h x. b8il 'l'he ntry La be • I in DY ool 
tl n 

Q l AI I If n by O<kill t th ll vln mad th entries 

l'UU I J\1 1. Ll 1 ) \ II • t. tll Lo l 11 1 r \..)1 Ill lth oth r • 

I 



In endrlok 1 ty or [QohArt 
·th• tlr'lt . 

1Ye ~ ... ot the oi~ft ~ let ra/ 

ot t other oi"Pher letter, ~tnd yhe 

PMltlon ot th • tlrst o i'Oher 1 ~te q::u:aut., This ton ot o n S.. 

pertioulerly u111e:t'ul when w h~n ~ hunoh 111bout tbe ro4 at•rt. 

., 



1. ht1 
,, ·h tl dln tt. 

n nr th td " l U'O the orlr by tbe 

t hl n. 'l'h t. 0 lnd , tor.· rtt n4 "'leW"' • 
nr kfti"J llk ro4 IJtU 1'" • Th letter in ool 18, ' r R ot th rorwrtrl1 oonn outlv, IJ)U 1ft ·th e letter whlo 

our 6n oolumn 10 or th 
nd r n 

rod with H in oolwrm 1· • The letter 

in oolwnn 1 or t..hr bnok' 1" 1 1~r 1 tb "~ whiob 

a our in oo umn 17 n th ~'"'" roO. l .. k: ro{ '1\llt n n~ tnYeree 

qu tho o'm oit1 squan,r e 'l v , ~!n .on lli.e. o n 

~firn•,rom "' lnf-':1 upright by writing 'th dit~~p;on l' 41 11~ 
downw rd totb e 1 rt. n our OANi', GVON pl~ w oould h • 

u d th b o~Art1 oon outiv 1 oon " • w h toun4 tb 

oou-pli a ku, l),f ,qn,ey,td,vh,lw before the 'l'.O. "nd ••, .le 

t~~t't r tt .• We ,houl~ h· v l." ld rul•n-~ "'P:"int~~t the 11ne111 o,-. ot tbe 

b~o~rd oon~eout!ve squ nd r d orr the oon•equ oe 

betore th ~.o. ot h'IT1n g or fter it, tn the Y r1 ue pJ• 1 le 
'-

po itionr~ of th e m1t1dl wh 1, nnd woul• h v looked to ••• 

wh tur th e o<..m 
./ 

wer• oonel$tent with o~ d~t • 

•h ould th n hr~ve r pe"t d with w IDdnu-cm i*iii'X look ly , 
111t t po ition oon i tent with oft. Tbe torw rd oon outl'fee a 

ur~~d when th 11 01 h"ft bern found tor din ott tt. 

ooup ln tt,.r the 'l' .o. ( 1.11 u ,h th h• 1· only 

or J n " n t whr r w h• Vtt •t.r rt. ~ from th• end or th• 

work c1 bnokwr r~ 
v 
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, h n .11 Vt. • 1111 t.ll r d o. it i -.~n f Lhe .H. • nd 

01 e A , lt 1.- os i b leto find the postions of th 

t.t r "h ·el . froln s u i t6ble c a t logue. 

un o ue t od i s to t1 i nd pe ndently l 'lthe nos ible positions 

1' r t he " iddle lheel. · hF1 l l · Ant t o kno·· t h e middle '"he 1 

co u •l ing q • · 1 ic h ' r c u . e -, ce .. of these VFrious AS umptions. 

'l'h i ~ C 0 , be done by s et11n ; Up invers e rod q for the 'l'J. iddle Hhe~l. 

The rod s r u ire off c ,. ording to the · • • .• couolings, i.e. 

:: • .• OllflJut, .xxbx~±gxxxx . 'nhls hF-n be n done for the t he couulings 

ku,tx 9 ep \'hich r ose i n th D.A.NZIGV0N crib in F ig ~~, e s uming 
the red •-.·he r· l 1: 1 t he t1 iddle. The pe ir~ in e c h column of thrls 

set U!J give r'OS ible .. 1 • •.• couplings • . Je hnve mri:X non to find out 

•::hether t he se c oupling~ r e p os ·ible. Our p rocedure i s rather dit'f-

erer.t "' Cc ording a s the U . K • • • doe s ot7 does not rotate. In the cese 

thrt the U.K . .. . doe s not rODPte it ... ill be su:t'fioient to h~ve e 
( t he rO"IS PllO colu D'> l et " red p r o f T "' ly 'Jiith the di ~onel alphabet) 
Foss s he t /\~ in '"h ich, i n the R ' s a w~re ~ ere entered the 

position s of the l e ft hn nd •.- ·he ~ l Pt ···hich the •N•t>''*l RW is 
r· '";t- .-, 

one of t he p irs in the ! ... . I . : . • out:'IUt luh be~. This is k:no~ 

t he ' hort O" t a logue' for t b i s ·he _l. To U"ie it in con ection with 

th e D L. I li- ur orib v: · ould t ke e~" ch c olu....-m of F ig ,:,"5"' in turn 

end look up the pe irs i n i t 0 1 t e hort c r t ~ l ogue ~ nd gee it' all the 

s uere hPd nu· ber i n co:"l· oa. If found s uch c a e th e number 
\./ 

i n the s qua re ·::ou l d b ive t h L • • •• rod lisit1on, nd the colu.-nn o:r 

x:tk F ig !I' ·:: uld g ive t he .. .. . ' . o. ition • . ctu l ' y t.e U. K •• rot_tes 

f or our ex ple so t ~t h ould :r.eve no suo-:e s. 

In th e 0 r; e th t t e 
../ J 

u. r • . • rote t .. ) \/ ne ~.- e nti l l y the 

s - "'hart c r t P lo e:, bu F' M' it 11 t l y d if ere tly .. 

In s• rd f t . l i o " , f: rt lo ~u" ,. orr - 0 din · to fix d 
./ 

I•'\~ .I 
out out l et. • • r .· t ,..., o o r -e::- ·or d to "'i.x ri i c on t~ 1,. ons:~ l., 

.. e ' &:• J, t h• r·· • ! i ~ .. \ ., ( n 0 .., "" 1 
, ... ;,·] .. io 

il U'1trr tc uc .. (' • • lo ' I . 'h ... lri r. · · ·rit r u p ove t h 

&tion. a.-. 



of th""' L ••• in "hioh thr e '0 iring occur, the .K •• 

under!'tood to be in the zero position • E6ther :rom of ebort 

o Alogue my be m de by s ttin un th!l L.H. 1. rods pelr d 

"'ooording to the U.K.VI. e . nd Pn~ly~in · the reeult 

p irs. 

To WlderRtnad th u~e of the sh ort o,tPlosue ••!hen the 

U.K.W. rotAtes we must u:ttaa remember th"'t it the U&K.W. ~nd 

L.H.w. ere rot ·ted in 9tep the etfeot is "' ~ slide ~long tbe 

di ·on,l of tbe resulting p~irs. If we "'re 'iV~n Aotu~1 n~1r~ 

for whioh the U.K. ,'I . '~'S not in the zero '1os1t1on rrP. c111n ~11 

the pnir~ Along the diA onn1 until 

ooourred wi tb th U.K. W. l t th 
I 

z ro nos1t1on. This will sh~ un 
number 

on the o tnlogue beoPu ther 111 be P, ta&iaz in o~on in th e 

squares under these p irs a. For instr noe in th e OAse ofthe -
DAl\ ZIGVON orib wo found the m ddle be ·1 to be :Uxw red in 

\\ PD•••Iba,Q 
p•sition 11. This iv s the mfddle wheel ooupl~ ••1 *\**\'' 

f'\ cons quenoes o:r the .u.w. oou 1ngs n,uk,tx,el) • These o n be 

re d orr from Fi · ~-r. 1 thou h or oours should only set up t 

M. l .invrerods in c wh" Y did not know the M.w. l'lO ltl '• 

If ·1e slide •"'''11r11"Jrt I'I'*I"'PPPr,hn,ev,uy ten nl o s t,o~rdl 

Along th d1 .. on lw p;et wg,ml,z:t',ke, -"nd in e oh or tb sgu re 

wg, mi,zf, ke on th ,r,r n (L.H •• ) ~ hor t r111 t 1ogue flnd 

numb r 4, 1 •• the prir OOl'Ur .-t J, K • . • 0 L.II •• 4: oon ntly 

qn, ••• oo n ur At U. K. 'I . 10, L. i ." 1.14. Th v rh nio 1 nrooe 

10uld o t.u 1 y b to t k pr or t ot 

y 1 t ' in t v on t h , hi u t u1t 
I 

iu '"' n d IDi 1 l l 111 i to the r nd 11 o th ,. :-~ lr f lr ul 1 

trom l~d n pr, v lon th ~1 a n 1, Ve look l n th ir~ ot 

q utt to 1 r t,h i· :re a, 'h n t1nt1 u h " 

0 t o to e' t n hi r 

l t, 1 n . I ' 1 t }JI ' f O ' t h V Tll l 1 i n ith tn 
o t lot ,u to 

• moun L , r lldfiJ f' tll r d ' t.l 

o• t., 1 1' \l ' .. ,, (' l P 11 t. h it. t n 

• ll" i ll r un 

• t. t 

th r 1 h . 
/ 

r11 ht n t 

f t.h 1 fro"' th f«r 1 
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U.K.W. position : ~lide :Cor" n rd o 1 eli "~ ·on"l 

L.ll.W. position : numbe r in qu rr: 1- ~11de 

ur ing A heo to 

87 

The ohort o A t, , loc~ue should work v .rp w 11 when the Umkchl"'W"lz 

rotnt s , And there is nn infornwtion DD connecti11g the nostiion 

o:r the l.J.K. 'N. with the position~ o:r the other wheels~r.tD. In 

the ce~e of n fixed U.K . ~1. we cAn often mnke uAe of 111n en,.lysia 
I 

of H. ll . '1 . coupling • 

The 1"'Y out of th e OPt n1or•uea is 1Ar,:e1y de t rmine~ by th" 
'--"" 

speciAl method :aitakr::D by which they Are mnd. , but it se,..JM to be 

re oonr:~bly convenient 111 use·. 'l'he oAt~ lop:ue is rU vided into ehe ta 

numbered 1 to 13. Eech of these sher- 1·.a consist~ of A 26x26 

square with m8rg1n Pt top And left hAnd side, pr~fer111bly on 1/3" 

gauge. ~n:JD~::D•:nxm~X%nxzillm:t•:q:t'Iwnkx:L<::tqa:tawx•i ••11 t"* 

Jl:kl(...-b iJ:tdi-a niS:X'twJarl:c_Ttc:m fw I UtM XDI&Q I I I Ml I Ut+ X) M f k I Jw +4 

-~xafXKKKKxKXa~XlJMI++pkiiJJXMt11x~M1f» ... XKX~af11+kbif* 

tKxaanl:t .. x-x'i'Uxillll ... •xa:r•xn:IIBI:a:x•t:xtxtiiXH. Une such sheet ia 

shovm in Fig r1, pnrt1y oon~tr ~~tcted. The 1ettll'!r:l 111nd numbers 1n 

ink er the oa1y onea concerned •· hen the ~he6t~ r" bel~ u~ed 1 the 

others beinP. nn rt of th e ~onRt.ruotiob, "nd 1 ft on to help in 

trAcing rrows. 'l'h entrie~ 10,1 t ' 1 ln t.h '1 u• re in ool mn 
oou ling 

15 • n d th TO'" ''l ith KV ln th · '' r ~ I r 1 ·t n tlv- t th Di:z :k"V 

occura v1hen the M. '. • 1.1 lll ) C'Hl i l. l on 1. , "· .... in eny ot th 

positions 10,111 , ,J 1. rn ()I'd r t o 1' lncl th n r 11. l n . "t. , .• hioh t ~o 

ooup11n~o~,n OIIU occur ·rr li t v1• nn1y to r j nd the oorr s nd in~ lin 

b 0 1 u. 
~ 

i11 n t u11 t 11n t h ,. , nd oo r• the n b r in the 

H . I L i. 1 f 1r1y ''11 V t u 1' 1110 th rilo\ht 

t h nw l H ) 1· ()r thr n ll · t ~ lv to. Lhe d L t noe 1 n the 

1 ~on,ll of t.h t •Jo 1 L t. r •• n f Lh · .pn ir, . ,.r, . l ' nd V r•• " t 

tl l :t Lr no( • n lon~ Ll1 lll · ~or 1 (l_I 'Yx.: yJ ncl ·vacl"ur: on he t. 5. 

-
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th l lv h ot 
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long 'th dis 'Onnl'. W 

t filled in di~ ~ on 1 t h rod ~oq 1t1 n ' d ily 

nd th 1 tt r 11 th 

'di on 1'. n h11 the left h nd nd 

r st d11y rot t tng, o th the midr le The 1 00Up1 

ltd! 1o 'th di f,on 1'. 'rb entrie in the qu 

p o ition of t h L . H • •• the . I. , • ou 11 ur, 

th 1 on 1 mount to n d i on t h 

t hort logue. TA 'te f or 1 . L no t h 
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a 41Y14 d into ..-t; eol en inch U.. aa4 1 .,. 
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1 • 1 • 

wbole la tunMr aubdlYld d into aq•ru /1 s • 
tt. • /D•x 1• re•te-.JA• oorres on4 to the dltteren' 

poa1t101UJ ot tbe L.B. en4 M.w. !'be eub41Yl.slona ~ .,_ :ra••J-.J• 
oorreapGD4 to tbe t entT poe ibl ~l orderw tor LJH. • •• • 

with tbl tin first wbeela ot tllill aenioe 

l!tfr!n-ZV'P' •h!ets 

'l'Mre 1a PS poa ibilltT ot s-oeeding 

wb n tM u.x.w. rotete!ll by meking tb 

ohiM. 

8 • we exp nd eyery eQ~re of the Turin abe· te lllto • 

'/l•s6/D" diYided into 21 sm"ll • u~res, numb red 1 to e wl 

unua 41 "114 tor •" oh entry oa tb Turi a beet 'Ouaeh tJole 

oorreapon4lnc • 11 sq re, ~D th • etfeot of ..., •t ~· '\J 

·~ ta on top or one notber, in uoh ~ ~ ae~ t 

!N and OR oo1no1 .. d woUld b to Si'Ye ia ue 

tbe two couplings V1ll nd CR oocur when th • U • • • 1a 

oaitiozu w 1 o get the o ltinna 1 

al14 1o qwert&u oooura but tbe • tter 

.th • mount or e114• nr jut t 

1 ltdi 11 0 lb1e ro tlon 

11 thr •h• tl un 

h v to diff !'e 

1 J J•io 1 to ) . 
t n 
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t.h ln 1er to ~•r:a~• 

ntdiZ..:J&itlllll do th o lo ul let ere of n 

u r bt, lt tur oat th .... t 

0 tbtr t . tr it lt, ~ . r d w •lou ~ t • 

t , r into nu her - to 

ubtr otion, h 11 r t lv th d of thl • 
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In thi nh-.pt . nd tll. 1· t. ' h " not xh u t ~ t 
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teo .. r h 

t.a eh•ll be 'le to pnly •''*'*' k+' the .. t~ ot 
1 at. t o b p r to t e 1n41T14 1 •• pa. 1'h on1oua • le 

ot on4 1n41o t~ yatem 1a t uerman N T 1 en o1 r, 

wb1oh il!l 4eelt 1ith 1a Chfii'Pter §.. . Th1e ohilpter ia l!eTo 4 to 

thoda or t1nd1n th t oker. N tur lly Anou •h n T r tln4 tbe 

t eo r without t the •~m• time tin~in · ~h oth r information. 

Cr1bt. 

Tbe mo t o v i n kind of d "' tor find in ~ the key• 1• " 'orl'b' , 

1.e. • ot h1oh n rt the 4edo4e 11 kn We "" 11 

mo tly th tour d t~ 18 ~ or1b, ltboup,h ~otu lly lt 

b numb r or oonet t tlon 1'"11111 to:rm noth r ·i uro•, e. • 

• nwn r ot OILLia or N v 1 nb r1 m·•· 

It 1 oo 1bl to fin t h k by eno1l 

th r ot t ok r 1 not T8rJ re t, •· • • to e. 
One w uld h v to hop th' t eY r 1 o t.h oonat t,.tloD 

0 !b 'l'h 

1, or I •• tn t n I. h f" I b 'h lt'-h 

t It r 

ho1.h 0 111 f,l t. I, ir Ill h 1 nt ~ d. Th t\ 

t h If 0111 t. • t (l Ill' r r ,. ' 1\1, f b• 11111'1 

' 1 h • I r· t.Jt r ) c 

1 l, 1 I Ill , '· 
Ano t.h ,. J O l 

Il l ·' ' ''I 

J)l I'&JII I 11 ll 6111 I' l I \ 11 1 l ( 1 

J t. I IJV• I ' tl .~ \I ll 'I' ll 
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Abbut p"'rt or th nd f1 ln 
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Tb rt ot tbe key tnYolYed re th lllllxiiS•••• ~ I 1 

ol'der, tbe roc1 •t,.rt ot th orib • w'lwtbeT' tber ., 
i ll tbl erl'b n4 it • n/1 t. t oar. Ae 

w ' 1 oi'd r or• i l.Jll t. br md t.o on lt'1er ••• 
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1 ord r bein tre ted Mp 

ODe 111 ·nor 11 tea seT 1 4.1tt 

1) ;urnonr bet n poa1 t ibna 1 ,. nd 5 

2) R R ft ~ Dd 10 

3) 

4) 

5) 

" 
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" 
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10 end 18 

1~ 111 nd 20 

20 eond 25 

... , ..•. 

-.k 
With the tirs ot these ~othesls one ould h~ve to le~Te~~ 

constetetlons in nositinns I to ..-, ... ~~ileo rly in ~11 

the otb:t r hypothese - tour oonst111 e~tions would hTe to be Glld."te•. 
One ooul4 ot course JDBnege ~ithout leflving out eny oonstotalou 

I t 

at all it one took 25 different hyootheses, end there will ~~ 78 

be a problem as to whet co stetetions oan best be dianellMd with. 

In whet :t'ollOVIS I •lt)t.ll assume we ere /Orting the T.o. mothea&a 

numberet 5) above. We h~ve not yet m de suttioientl7 D7 hTPQ~ ... 

to be able to draw eny tmmediete conclusions, PDd must therefore 

either assume sO'llethlng e~ out th,Jt Stecker or Ptbout the rod a~n. 

It ·1e we re to es ume so::tething 111bout the Stecker our best oh111n" 

would be to es umethe Steo~er v lues or A ~nd ~. or ot E ~nd I, aa 

re should then ~ve ~ tvro constllltP.ti na oorreoted tor Steo t" 1 

with only two Stecker sswn"Oti ns. '' 1 th I urin .. a one oou 

tin~ ell pos . ible pl ,o bese oonst .. tion~ oorur ed, ot 

which e 9hould, on th ver r;e, find bout U,l. As t 0\lld 

be 116 llJpothe or th1 kind to or d ... 

11t1.l in on p r1A on ith in t1 n or 1 1 r 

If th h d not b n ny h lt-bomb 

r~ r d v n or e, ·ort 1 l hl t 

rot1 . t t, nd to hl w tr'" tin hr~r 

orib · hioh r ind th r, urh oh 0111 

b mo t 1 . it .h ori 1 'Ut. t h 0 r nio 
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lin 1g ,, • rr tbl plo tbllt 0 

1e inde ndent of th e ~oker is • tM tlM 

wb.loh enolp red at eitblr ;posltloza 2 or 1» ltlOD B at tt. Cb 

gins the 1!11" r sult. Thl .. lao be e%M"e••• W 

tb t th . .J!tre must be ~ etter suab tbflt, 1t It Ia 

ered ~!'* posltlOD 2, nd ~be result reenoln ra• t tMM~l~loa l5 

the fiDel result will be tv or1g!M1 letter • .Aaotb8r b 
tbl ·Pt-

contition is thet *'•Ji:ll••llil&l:l'•mi'E'I'~'*m':K* 1 tter 1dd enciob e,..4 

suocesaiTely Pt the positi )ns 3,10 must le~d b ok to~ 
Three 

originel letter. ~ other contitions ot this kind -.re •~aat 

the suooessiTe encipherments et positions 2,23,! or et 

2,Q,B,6,2,,3 or ~t 13,12,8,9,5 sterting tram the sA.e ~~tar 

as before must le d beck to it. There ere ot!B r •uoh aerlea. 

e.g. 13,12,6,2,,3 buttheee do not glTe oonditiona iDI8 ., 
ot the othe • 
Dt:a The letter to which ell these multinle enoil)blr.nt• •• 

applied is, ot cour e, the Stec·,..er v lue ot B. We • 11 oell 

B the 'centre1 letter'. Any letter oen of cours~ be ohoaea 

e.s 'centr 1 lettt;r", but the oho1ce Pl·treot~ the aer1•• of 

positions or 'ohe.ins' to1r the multi'"'le enci'~he~nts. !'bare 

are othe conditions, es 11 s the•e th t involTe the 

multiple eno1pherments. For i n Pn~~'th 

the lett~~>re 1n i mu~t 11 be ditfe nt. 

s 
v lues for ,I, ,~,tt,S,A re the ttera th t • t tbl 

veriour~ i the ltiple nt nd th T lues 

tor ,T,V,H,D,K c n 1 f ound rly. Tb 1 o the 

oondi hi! c lt-r oipro "'D h 

t l •; . p -n " ill 

0 t th i'n t 

enoipb nt iou l t 

t· ·1 lon h 0 1 r \ 

nr 
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this aODdltion will be quite auttioiint to ~ • tile 

~ poa lble poaltiona to a number Whiah o~n be teste4 ~ ~ 

.met~. I~·is eotuelly pott~ lble t~ llll!'ke uae ot •~ ot 
•· o~-' o•onditi~ns ·-obanioelly alaoa this will be e%J)ltt1Det l.8ter. 
•• • 
lb ·order to a~~ly the multlnlA ennl~he ·ment oODil~loa S • . I . k 

·n tu rePly w nt ~ to be eble to perform tbe multlule enobbenat. J 
• in one oDerAt6on. To do this we :m•ke e new qind of JlllllohiDa • 

we aail .• a •Letohworth enig!le'. '!'here P~ two rows ot oont,.ot8 

ln ., Letobworth·enigma e~oh l~belJed A to z end ~elle~ the 

- . input .t::b: "nd outDut rows: there Pre ~leo mo-,e-.ble het!~ls. l'or 

eeoh posit~ n of P~n ordin ... ry enigme theT"P is ~ corresuondlDa 

position ot tb e letohworth enigme, PDd it the result o'f 

enoipher 1ng F et this position is R, then F on the inryut row 

of the Letchworth enigma is. oonneoted to R on tbe output row. 

end of. cou~se R on the innut row to ~ on the outDut ~ow. Suoh 

a 'Letchworth enigm"'' oen be me de ••w•11•• ••a like en ordlDa!'J' 

enigme, but ··ith ~11 the viring ••~••U••"*.,.. of the OYeble 

wheels in dun1ir. te, one set of · ires be ing u~e~ fer th~ 

journey to•re rds the Umkehrwelz, "'nd the othere f...,r the retura 

joum1e7. The Umke~t 17. he s t ·· o ets of oont~~tots. one 1D 

0 Onte 0 t With SIIJI MiMJw I MWtfXd I M WI b M La I WI I S;)la I I M f4a JwM+4 I M:blliixJir 

a••'••'• oontect with the in rd- ourne y · iring of tb L.H •• 

and one in oonteot ":ith the out • rd- ourne wirinc. The 

Umkehrwelz wi r ing 1 f r om th one et or oont c te -.eroas to t 

other. In the ~ctu 1 d i ·n u d res other if ereneee& 

th e ' I he le ld not e tu~1ly oo ~ nto • nt ot ·i h n f!l n tber, 

but e oh 0 1'11 i nto oont t'.l t " ith 'co t ,. tor' b ~ ri 10& f'l:nd 

oont ote. "' h e c on tA ot '!OUld b eonn ot d b to 

C Oft ~'> 0 1. of oth r 00 ut tor.,. Tb OOf!t llll Ot the , o ,.,ut•tor 

c n b re R ··d d h. 8 11'1 1 r o ' n T' or the 'rod oint t 

' nd 'outnut o 1n1 ' fo r th •rh ' 1 
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B 1 pos4t10D 8' here n 'tbe ~osition ~t h1oh t~ o 

atiOD numbered 8 ln the Qrib, ls • under the b'r,)othe•la 

testing, SU'P o•ed to be etael lered'. Th en1 

u i n thi y: OUt'Put of Al to ! n"'U or 2 : 0 t.,ut or 81 0 

1~ ut of 12: outnut t Cl to i n u f C2 1 OUtl)U 

or C3: etc. Thie 1T u tiT 'oh in. or 
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ea ntla 18 of t robl 

in the ftn4 t r 1•• tJl_,-.a 

• t• not YiDc r 
best olutlan. They did tln4 ~ ~olutlon ot 1 

s t to thea, hioh would prob,..bly boTe orked 1t they 4 

b d e te· · more months experimenting. As it 9 tba t tlo 1 

solution s tound before they b d finished • . 

Pn 

The proble t the el~otrio 1 1lJI · this, !'be 

f52 oont,. ot 'l lebelled .i ••• z, A' , ••• ,z' • At ~>ny ra nt e oh 

ot A, ••• ,z. is oonneoted to one ~nd only one ar A •, ••• 1Z1 : the 

oonneotions ere ohengln ~ 11 t~ t ' T ry ou iokly. 

lette r ot th e lphPbet there is ~ rel~y, •nd nt 

thAt tbe releJ" tor th..... l•t er R wUl only close it o 

connected to oont~ot R'• 
IIJXIXX:DX I X I (VU 

ot R 1a 

Tbe l~t' t solution pronoaed tor tb~a proble '•pende4 

heving current t 26 eq 1diat'lnt ph a oorreaoondl 

dltte.-nt 1 tt rs. ~~re la lao t~r tr v lTe*tor 

1 tt r. The til t of th~ thyr trons inn o ntl l 

oorre ondln to their lettera, ~n the 

th e oor 1 ondi oint A~ • • • • ' • Th olnt •••••• 

t v· 1 t'O :r ' r 

th u un til 1 

n 
i 

f u 11 t r • 
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th enig ... 

Oil t~'t ti DS Ob 

ithout Stec er. giv tnto 

1ns1d letters r ther th n o-tside. Our t te nt · ill ua llJ' 

be ut i n r ~ form; st te ents like 'l 

an 'Jii eccurring 1n so end o 

ate y ther t n o-r e cotat ot ottt he in trittawals • • 

rectangle u c 11 d th e 'di gonel bo rd' nd the rOWB 

tt r the outside letters, the column :rte 

t OP let WI t k:8 r:q oanet•t1111t!on of OuR crib • ·B• t .... 

the position ~re au osed to be te ttng e 111 h Te B 

en t r ght osition tor en....oodin t hta 

con tP.t.-t!on, bu or oour'le · !tho t n Ste c r. Let u 

. unnose it u tor the or •t o ition, then one ot ~ 

nth e lph b t in o itio oc: lonse ue ~17 u 
tt o then Io (i.e. it outs ide lette r ith 1u 

• th"'e _ outs ide I is ae ooi ted ·lith in 1d o) • N it 0 

the input or :t (Lew orth) to tb oorre• 

ot th di· ·on 1 bo rd on lin th0 ou ut 

inoe tb o in ut conn ot 4 to th o oat ut 

Qo on t r 00 ot d to Io 

n 

ot i n 

di 
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r, •• lton kn · t t th 

a•••••~ unst o~ red on one d~ 

n rt th n , h v in :IJI.tiat round 

ri bly •teoke 4 OD ~ 

on d11 t ftlo 

could · en lookin for the y tor the n rt djy, oon 

11 no int ot th e di on 1 bo~ rd which oorre nond to DOD-

steokers h ioh oo u rnd on thA "lreviou dPy. Thi• ~· ould O't 

oours not entirely e l in te the in dmle ible solution•, ~ 

ould normously reduee their DQ~ber, the only solut10D• Wble~ 

ould not be el in~ted b 1ng those hioh re inadmissible 

ev ry ~ oOQDt. 

One ditterenoe txewxt-wxi••-•t••*''''• betw.en thla arraaa .. .a~ 

nd the Bo be, or the a ider a d scribed it in tk • leet 

is th t " need only on nigDp tor ee oh <D1ll8tflt tl•. 

Our ma h in i till ot com~ te, s ~ b~ ye not 

oh nis to di tin uishin cor ot tro.., inoo 

, th e o s ot a crib ivin ;icture like Fig ~, wblln 

the letters are oonneot d to ether into one ' b' it 1a .u:trleleat 
at oms p()iat 01l 

to let current i nto th~ ~i gon 1 boerd • same line 1litlll :a a 
tter letter on t:t. 1n b 9 e .g. ~t the Be noillt 1ntM o se ~ 

the ori h v e n oon iderin8. ~ this cese tbl olll.T 'Ooeslble 

positions will be ones 1n whioh the o~nt tall• to z-eaoh aU: 

thJJ other oints ot the E line ot tblt diagonal bosH. • o 

detect bet!B r this. UP ens b7 oOilneotJ.ag t~ po1Dt. .ot\M J: liM 

thrOugh differential releJ'S to tM oth •r pole ot oar 'ouzorea' 
r%8llel · ith on nother end i n series lth t 

au p~, end "Jutting the' on' ,oints ot tbe relays 1a ••r••. No ...... _ur 

ourrent ill :t'l t hroush 1 th d1t:t'erent1"1 reliiJya, nat •"' 

Ul not ov • n on re ohe e ">Ositi~n hioh 1ght be oorreot 

the current te ils to re oh t: o o tb.....e rel• , "Dd 

nently flowing 1n the otmr wtrtq ooll ot tb rel• 

it to olo , And brin th to~ in 

t 

u 

lnt t t d 0 

h 1 

t or t 
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