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ANALYSIS OF A MECHANICO-ELECTRICAL CRYPTOGRAPH 

PART II 

SP:CTION 1 

INTRODUCTOitY REMARKS 

NaLuro or lnvootl��tlon •••••••••••••••••••••••••••. 

r.n..-.llh 

1. Nature of lnoestlgatlon.-In April 1032, thorn WaR �ubmitlcal to tho Chid Sip:n"l Offircr 
a moalilict! form of tho llob�rn Ciphor Machino with a viow to tr�ling it fur il� rr.•·pta>�rophio 
socurity.' H was rlosirot! that tho test bo of tho utmost sovority, oxcectling iu sorority wbat 
could IJo oxpootcd from an attnck under tho most fRVoralJlo conditions. 

With thi! in view, th�ro wns furni•het!, ,.;th tho mnchine, 55 mc!IS/Iges wilh plnin text and 
I 10 mO'Illngcs without tho cquivnlcnt plnin text; also tbe gonernl syslrrn employed in setting 
"I' ml'f!sngo indic,.Lors. (Sco Appendix I.) 

I Thlo teet WM made at requOilt or the Code ADd Bll{n&i Section, Office nr N&l"al Communlcatlono, 
N�•1 Dcparlmcnl. The tool., ... conducted b7 Mr. F. 0. ltowlcU, Or. B. Kull�aek, and Dr. A. Sinko•, under 
tho oupcrvlolon or Mr. W. F. Friedman, Cblel or Blsnal lnlclllscnco SocUon. 
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8Jo:CTION II 

DESCRIPTION OF 1\fACIIINE AND ITS OPEUATION 

r.,..cnllh Pu.cnph General tlco c r l ptlo

. 

" --- ------------------------ 21 Dctnllctlo\udy or A portlcuiAr tl08 oc\Uns-------- G Motion or \he whccla._________________________ 3 Study or crypl.ographlc action__________________ 7 Ratchet cradle ••• _____ • __ •••••.•••••••••••••• 4 Action or r-.oiblc dos ..,\tins•-- . _ ••• _ •• __ • ___ • 8 .,unction• or LAW and RAW •• ·--------------- 6 

\.__ 2. General descrlptlon.-Tho 1032 modol of tho llnhom Cipher M11chino consists of & 
koybonnl, & sot of fivo cipher wheels, a eeL or fivo pawls for controlling tho nngulnr displnccmoot.e 
of tho cipher wheels, 110 &rrangomcnt for governing tho fiCtion of tho pawls, 1\ mcdl&nico.J drive 
for angulArly displacing tho �iphor whc�ls, and an automatic prinl.or. This modo! rcquircs 
a current supply or 110 volts direct current. 

3. Motlon or the wheels.-From a crrptogr11phic standpoint, tho ossontial dilforonco botwoon 
U1is and tho previous modol rests 11lmosL outiroly on tho di!Jcrooco in tho typo or ciphor-whool 

AWP2 
AWP3 

eAcK ooc;; 

·f:�������?=�==��- �AONT ooa BAR, 
11--l...:b==f. lo _.."' -1-I-7"-H7""· t t�n:::�=--CIPHER WHi:l: 1... PAWI-5. AWPI ROI....L..CA�IliJl 

FIOUI\11 I 
displacement utili7.cd by tho two machines. (Sco W. F. Friedman, Analysi.t of a Mullonico­Eiurricol CryJ•Iogrnph, !'art I, Tcrhuicnl Puhlieution S. I. S., 1034.) lu tho earlier mod�l, thn dis­
plnccrncnts or tho ciphrr wheels nro drfinitcly f1.�cd nod invoriRblo, bring similnr to tho movcment,s 
or the wh�cls in a recording meter. Only tbe fifth (dr cutrcmo right-hnnd) wheel steps forw11rd 
contiouou�ly on�o per depr�ion on the krybonrd; tho first wheel steps forwnr.-1 once per 20 � 'rprllSSions; nnd tho middle wheel steps forwnnl once per OGO dcprcs.,ions. Wh�ols 2 and 4 nrc 

'-displacen ble only by bnncl, nod not nutomalically. In tho I 932 model tho nrrnngcmcnt is no longer 
motcrlik&-nuy two of tho five cipher wh�els (dcpendin�t upon tho nction solcctcd) mny movo 
continuously, " third v.·hcel moves ono step per 26 depressions on tho koybo&rd, and tho two 
rcrnnining v.•hccls movo ono stop art�r OliO depressions on tho keyboud. 

4. Ratchet cradle.-Tho acccmpaoying diagr11m, figure 1, shows the mcchanico.l moans 
which causes tho wheels to move forward. 
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This monns consists or n rnchotcrndlo upon which nro mounted two dng bnrs carrying llrrnl' dogs, 
live ciphcr-wlu�rl pnwls, thrco nlmniuum-whccl pnwls, nod no nrrnngrmenL (not �hown in the 
din�trnm) for rclcn�ing nil tho pnwls whilo tho whrd� nro being set. Tlw nrtion of the dnp;A i� 
controllrrl by two nlmuinum v.·hcds, l.A W nnd HAW, which nrc mountt'.-1 on the lrlt-lum11 ,;do 
of tho mnchino in n lino with nnd on nn cxl.rn�ion of tho shnft upon whirh r�voh•e tho riphrr 
whei'IA. I.A W nnd UA W, however, rnovo imlrp�rulently or tho riph�r wlr����-

Tho front 1log hnl' hn� two llu(t� rnountcll upon it nml t•ro' ilh'!l fiv11 nrti,·o pu,itiuns wlridr 
Are rlesignntrrl by the first li loLLen� or tho olphnbet, A, B, C, 0, E, ns is shown in fi�turc I. 'l'hr 
hnck ring bnr hnA only one do�: mounted upon it, nml nlso provides fi.-o activo positions drsi�tnntrd 
by tho IML (j loLI"'rs of tho nlphabrt, V, W, X, Y, nnd Z. 

Tho construct.ion of tho two 11lurninum \\hN'I�, LAW nnJ llAW, is idrntir11l and i� wurh 
thnL tho p�ripher,v of cnch of the two whrnls ia divided into two bnnds. The left-band b11nd of 
111\Ch whr�l hM 26 tl'eth, �nrh tooth h�ing drsil(nntcd ·by n letter of tho nlphnboL. Tho ri�thC­
hrutd bnncl is srnocrth throughout t.ho ontiro circumfor·onco or tho whc<'l cxrrpt for n uotrh 
which ��tt•nds from tho letL('r Y to tho Iotter Z. 

Tho fivo ciphcr-wherl pnwls, CWPI tor., nrc mounted upon n shnft which is locotrd undcr­
n�nth tho two dog lmrs. F.r�rh pnwl hn� two nolch08 on it (not �hown in fig. I), ono �ituntrtl 
for ncting in nRSocint.ion with n dug on tho frnnt bnr, th� oth�r �it.unted for ncling in nAAnrintiun 
with 11 dog on tbo renr bnr. Sincb the dogs nro imlivi1luaHy 81irlnblo on their bnl'!l, lltl' fi.-e 
pnwl� m11y net imlrprndenlly. Whro a dog situntcd rithcr on tho front or the rc11r lrar is in 
po�ition, tho pnwl inun�11intrly b�uentb it i� with1lrnwn from it.1 nctivo position nnd is pro•·<'ntrd 
from IILI'pping tho cit>hrr wheel forward, oxrnpt in thoRo specinl rn�cs whrn tht' nction of the 
dog is noutrnlir.�d by the nr.tion or either Lhl' LAW or ItA W, ns will now be di11ruRBrrl. 

G. Functions or LAW and RAW.-'fho lhroo aluminum-'ll'hecl pawls, AWPI, AWP2, nnd 
A W 1'3, nrc mounted upon nn o>ttonsion of tho shnft holding tho cipltrr-whcol p11wl11. Tho first 
11luminum-whool p11wl, AWPI, ar-ts each Lime 11 koy is dnpr!'ll.•cd Md rnove11 tho LAW forwArd 
0110 II)JRCO; thl\t is its only ruuct.ion. Tho llction or AWP2 is coutrolle<l by tho I.A w in tho 
following m11nnor. On tho loft wido of A Wl'2 thero iR a projection upon wbich is mounL('d a 
srnnll roller, dcsignntnd roller 1 iu tho Rkctch. This roller nonn11Hy rll!'t.e upon tbo smooth 
bnnd on tho right-h111ul Aicll' or tho LAW and, when auch is tho rMo, AW1'2 is out or 11dion. 
However, when tho LAW ntO\'CS to tho pusiLion whore roller I fnlls into tho notch in thn right­
hand bnnd, A W 1'2 ncL.1 in two w&ys: (I) lt ongngo, tho HAW nnd mn''�A it fnrwnnl nno ftJlnco; 
(2) AWI'2 is ronncc�1l to tho hnck-tlo� bAr by n lov�r, 11nd tho 11rr11n��rnrnt is surh that lire 
11r.tiun of tho bnck dog is ooutrnlizod whon roller I of AWP2 hn� dropped int� lhn nntrh. This 
1\llows tho ciphor-whocl pnwl that ia L('nrpor11rily M�ociBLc<l with t.hn hnrk !log l'l crtgnge il, 
cipher whcol nnd movo it forward ono "pnco. Thn roller or tho A WI' is eo plncrcl tlrnt when 
tho J>l'riphl'rlll Iotter I on tho LAW is 11L tho bonrh mark, AWI".l cngn�:r� tho RAW, 11nd the 
ciphor-whool p11wl thnt is tcmpor&rily ns•ocinl-1'11 with the bn�k 1lug IIII!(Agns it.s riph11r whed. 
Sinco tiro notch in tho right-hand bl\n<l on I.A W must proAOnL itself to rollnr I once per cornploto 
rovolntiun of LAW, 11ncl einco this will happen onco per 26 drprc'l.�ions on the koyho11rd, it 
follows thnt Llrl' ciphrr-whccl pllwl th11L is L('nrporarily I\MOI'iatrd with tho dog on tho r<'Ar b11r 
will step tho CL""'ci11lcd cirhnr whc�l fonv��rd ono step per 20 deprl',.ions on lhl' kC�yboftTd. 

A w 1'3 acts both upon the ItA w lind thn front-dog bRr. On tiro rip:ht-hl\nd �ide or tho 
AWI'3 thoro is a roller (roller 2) eirnilt.r to th11t on AWP2. Roller 2 f(l!lls upon tho Pmonth 
bnnd of tho HAW, except when tho .RAW is so �ot thnt its poriphoral lotl.cr I i• 11L the bonch 
mnrk. A L lbis point roll or 2 drops into tho notch and Allows A WP3 to cng..go the RAW and 
also ncutrnlizo tho nctiun ol tho front dogs, allowing tho two riphor-whcol p11wls temporarily 
8580ciatod with thoso dogs to ong11go tbo proper two cipher wheels. 

Ot..Jl-t 
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6. Dotalled study or a particular d�g setting.-Tho consoquoncos of tho for�going 11rrango­men� of dogs, pawls, Rnd rakhct.s can now be m11do clear. Suppoeo �ho two fran� dogs :uo sot into positions B l\nd D, nnd tho roar dog into po�ition V, M Ahown in li�uro l. Tnking tho tlornonts of tho olog-11ction ��etling DDV in &lj>hnboticftl ordor, B mCftns Uu\t, in gnnor&l, CW2 will not bo allowed to Skjl forwt�rd; 0 lnCI\OA Lhll� cw� lll�o will not bo llllowod to •top forwnnl. ll�nco, thoro rronain CWI, CIV3, rurd CW/i frno to Alrp forward 110 farM thn lrunt dug• nrc concerned. But oinco lloo rlog on lloo rear bftr i• so���� V, and this will 111Toc� CWI, it follows '11\t only C\V3 nnd CW/i &ro free to atop lorwiiTd lor rnch drprc.'l9ion of 11 koy, 110 fnr as tho \ . ..__ ..o ogs on both lmnt and rc&r b��rs &rn concornecl. Furthor, whnnovor tho dog on tho rou h11r, nQw Ret nt V, i• noutrali7.e<l by tho action of rollor I and .AWP2, tho ro.,ul� will bo thl\t CWI will bo 1\llowl'd to step fonVIIrd; nnd whenever tho dog• on tho front bar, now at B and D, aro ainndtannously neutralized by tho nrtion of roller 2 11nd .A WP3, then CW2 nnd CW.f will bo allowed to step forward. 

Tiro foregoing explanation of dog action and wheal di11placomonta will now bo sot forth in connection 11·ith dot11ilcd ob�orv11tions on tho actunl soqucnco of ovonte and results. It should be observed at this point that tho wheels may bo inserted in tho machine in oithor 11 dircc� or a rcvcrsrd position, tho t"'·o Cll!lr& yielding entirely diiTrrent ro�uiLA. .Aa 11 COIIIIOIJunnre, ·any single wheal mny bo orondo to eorvo tho p11rt of two if Urn rovon�cd position ho iucluclecl. Tho Iotter d or r will be written n!tor the number of tho wheel (as below) to distinguish between thcso two cMrs. Thus CW! d and CW!r will moan ciphnr wheel 1 in tho dirocL 11nd rovnrs�d positions rcsprctively. h ahould aloo bo obso. rvod in this connection Ua11t tho lottors on tho periphery of 11 cliroct whool progrcs., in rcvorso order as tho wloool 11aovos forward whereas tho progression is nnrmnl Cor n reversed wbocl. Lot us suppose that tho wbnols aro brought to tho foUowing inilial setting: 

LAW 

H 
RAW 

I 
CWtd CW2d CW3d CW4d 

A A A A 
CWGd 

A 

l 
·J 

I . , "I I 

,, ! 
I 
I ,I 
I 
I 

l ,: I .i 
. I I' 

1 
rr 'I ! 

[. I Let tho dog action bo BDV. Tho following represent the auccossivo eot�iuga of the wheels as ft l tho koya or tho kcybonrd &ro doprcssod: 

� 1 

\.......-

� 

., I A I 
. i 

d 

t p �� 11:11: j;2 
hl I iiT 

2 Gil 
3 r H 
4 E II 
6 Oil 
0 C H 
7 8H 
8 A II 
0 Zll 

: 10 y II 
I I  XII 
12 WH 
IS VII 

14 VII 
16 TH 
10 511 
17 Rll 
18 Q II 
Ill P II 

20 0 II 
21 H II 
22 N II 

23 L II 

24 K H 
26 J B 

20 I H 
2d 27 HG 

28 G G 
20 r a 
30 fl G 
31 D G 
82 C G 
33 8 a 
34 A G 
35 Z G 
30 y G 
37 XC 
38 11 G 
ao V G 
40 U G 
41 TC 
42 sc 
43 R a 
H Q G 
4G P a 
40 o a 
47 N C 
48 II G 
40 LO 
60 KG 
51 J a 
62 I 0 

ti 
TARt�• t.-.s,,cuuiee trUing• ,, nil tDAt'lt 

(Initio! ..-Uin�, 111-AAAAA; do� oetlon, ODVI 

il HE E E t �" u 
TAi:'A_A_ -ad" 63 

A Z Z Z Z . . 
A Z Y Z Y 4th 70 
A Z X Z X 6th Ill� 
A Z II Z II Olio 131 
A Z V Z V 7\h 167 

A Z U Z U 8th 183 
A Z T Z T Olio 200 

A Z S Z S lOUt 236 
A Z R Z R I IIlo 201 

A Z Q Z Q 12\h 287 
A Z P Z P 13th 313 
A Z 0 Z 0 14th 330 
A Z N Z N 16111 806 
AZNZII IGlh 301 
A Z L Z L 171h 417 
A Z K Z K 18th 443 
A Z J Z J lOtio 460 
A Z I Z I 20th 4P6 

A Z II Z II 2111 621 

A Z G Z G 22d 647 
A z r z r 23<1 673 
A Z E Z E 241h 600 
A Z D Z D 261b 026 
A Z C Z C 020 
A Z 8 Z 8 7 

Z Z A Z A 8 

z z z z z 0 

z z r z r 030 
Z Z X Z X I 
z z 'II z " 2 

z z v z v 3 
zzuzu 4 
Z Z T Z T 6 
z z s z s 0 
Z Z R Z R 7 

z z Q z Q 8 
z z p z p 0 
z z 0 z 0 040 

ZZHZII I 
ZZIIZII 2 

Z Z L Z L 3 
Z Z K Z K 4 

z z J z J 6 
Z Z I Z I G 
Z Z II Z II 7 

ZZGZC 8 

z z r z r 0 
ZZEZE 060 
ZZDZD 20\h I 
z z c z c 2 

ZZ8ZB a 

II: I! 
j.;l 

·��-, 
0 0 

H £ 
II D 
II C 

H D 
H A 
II Z 
II y 
Ill 

H II 

H V 
II U 
H T 
HS 
H R 
II Q 

H p 
II 0 

H H 
H II 
II L 

H K 
H J 
G J 
r J 

E J 
D J 
c J 
8 J 

A J 
ZJ 
y J 
X J 
• J 
v J 
u J 
TJ 
s J 

R J 
Q J 
p J 
0 J 

II J 
II J 
L J 
K J 

J J 
I J 
H I 

C II 
FB 

HE E E 
Y Z A Z A 
• 0 • • •  
X Z A Z A 
II Z A Z A 
V Z A Z A 

U Z A Z A 
T Z A Z A 

S Z A Z A 
R Z A Z A 
Q Z A Z A 
P Z A Z A 
0 Z A Z A 
N Z A Z A 
II Z A Z A 
L Z A Z A 
K Z A Z A 

J Z A Z A 
I Z A Z A 
II Z A Z A 

G Z A Z A 
F Z A Z A 
E Z A Z A 

D Z A Z A 
C Z A Z A 
c z z z z 
c z T z r 
C Z X Z X 
C Z 'II Z II 

c z v z v 
c z u z u 
C Z T Z T 
c z s z s 
CZRZR 
c z Q z Q 
c z p z p 
c z 0 z 0 

C Z N Z II 

C Z II Z II 
C Z L Z L 

C Z K Z K 
c z J z J 
C Z I Z I 
C Z H Z H 

C Z G Z G 
c z f' z f' 
C Z E Z E 
C Z D Z D 
c z c z c 
c z 8 z 8 
8 Z A Z A 
8 y z y z 
8 r r t r 

t u --

2711o 

28\h 

�� h !<I< E BEE E t!i" .. .. ..... -
F: II IJ y XY X 4 

6 0 II 8 y 11 y " 
0 C II 0 y v y v 
7 8 II o r u r u 
8 A II 8 Y T Y T 

0 Z II 8 y s y s 
000 y H 8 Y R Y R 

I X II 8 y Q y Q 

� 11 II o Y r t P 
3 V II 8 y 0 y 0 

4 U II 8 Y N Y N 
6 T II 8 Y N Y N 
� S II � T L T L 

7 R II 0 Y K Y K 

8 Q II 8 T J Y J 

� pH 8 Y I T I 
070 0 II 8 Y II T II 

t H II 8 y c y c 

2 1111 8 r r Y r 
3 L H 8 Y E Y £ 
4 K H 8 Y D T D 
6 J II 8 y c y c 
6 I II 8 r 8 Y 8 
7 "a A Y A Y A 
8 c c A Y z r z 
g r c A y y y y 

080 E G A Y X T X 
I DC A Y II Y II 

2 C G A T V Y V 

3 8 c A Y U Y U 
• A G A Y T T T 
� z c A T S Y S 
G y c A Y R Y R 
7 X C A y Q y Q 
8 II G A y p y p 
0 v c A v o r o 

600 u a A Y N Y tl 

I T C A Y II Y II 
2 s c A Y L T L 
3 R C A Y K T K 
4 Q c A y J y J 
6 P G A Y I Y I 
0 0 c A T II T II 

7 N G A T G T G 
8 II G A r r Y r 
0 L G A Y E Y E 

700 K C A Y D Y D 
I J c A Y C Y C 
2 I C A r 8 Y 8 
3 H r Z Y A Y A 
4 a r z y z y z 
6 r r z Y r t t 

0LJ5 
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In tho for��-:oing listing of succr!;.,ivo settings, it will bo noted thnt nil tho whcl!ls progress 
in nccordnncc with tho scquonco of letters in tho reversed stnodard alphabet, and that 

(I) LA \1 prowcsscs ono atop per depression; 
(2) nA W progresses ono sl�p per 26 dcpr��sions except in tho first nml twonty-«ixth 

cycles, nhout which moro will subsequently bo �nid; 
(3) CWI progrrsscs ono step per 26 depressions; 
(4) CW2 moves ooo step immrrlinlcly nflcr tho let dcprCMion and is atntionRry thorG-

flcr until imrotNiintcly nftcr tho 651sL dcpre!O.'Iion; 
(5) C\V3 progresses ono step p�r depression ; 
(G) CW4 nrts similnrly to CW2; 
(7) CWS nels similarly to CWJ. . 
A rlingrnmtrontic reprrscntntion of tho displncements of LAW Md RAW, coordinated 

1\'ith the for��:oiug, will be useful. Io discussing the dingrnm it l\cill bo convenient to rofor to 
tho two ciphrr whct'ls which nrc displaced after every doprc.�ion on tho keyboard 118 tho "1" 
wheels; the cipher wheel which is displncod nflor cnch series of 26 dopres��ions M tho "26" 
wheel; nncl tho two cipher wheels which aro displaced aftor tho seriO& of 660 depressions ae 
tho "G50" wheels. 

\___.-

.....-\ 

l 
' 
; 
l 

'� I 
' l l 
I 

'l 
') 

7 

--

t_..\W Wht"tl •• 
Crtle 1 RAW 

ll G F E D C B A Z y X " v U T s R Q p 0 II II 
,..,,. 

L K J 1 tlon I 

I I (') 
A 

2 a 27 z 

3 F 63 y 

4 E 711 . X 

5 D lOS. " 

6 c 181 • v 

·7 8 167 • u 

8 A 183. T 

II z 2011. s 

10 y .236. R 

II X 261. Q 

12 " 287 • 
p 

13 v 813. .!•. 0 

14 u 830 • 
II 

' '  

IG T 366. 
II 

16 s 301 • . L 

17 R 417 • 
K 

18 Q 443. 
J 

19 p 469. 

20 0 406 • 
fl 

21 H 621 • 
c 

22 M 647. 
F 

23 L 673. 
E 

24 K 600. 
D 

25 J 626 (') 
c 

26 I 1651 (') 
B 

27 G 677 (') .. A 

28 F 703 (1) (1) z 

1CII-AZZZZ. 1Cll-BYZTZ-652d lo�t.er ol mcaoago. • zyzyz (704 ). 

•czzzz. 1ATZTZ. 1 ZYYYY (705). 

1111-BZAZA. 
Jo'oouR!l 2 

N.ll.-Tho lc�ter I nppearo on RAW lor onlv ono dop..., .. lon ol Uao keyboard. Tho ,..hcelo lor thn 2d 
and 70fi�h lcttcro aro In �he oamo poolllon• rcl&tfvo t.o each olhor. SlmiiMiy lor tho 3d and 71l0th, 4th nnd 
707\h, etc. Wl�h �ho ucepllon ol tho lot teller, any two wheel IHlUingo .. parated by 703 letl.<lro are In the 
lAme relative alignment. 

DUG 
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In figuro 2 tho letters indicated nro tho )otters nt thn locnch mnrk. Tho notch in tho LAW 
which controls tho motion of tho "26" whool comes into piny when tho )otters opposite tho 
bench lllllfk pn<s from I to H. Thnrrforo, for onch lino of tho dingram tho "20" wheel romruns 
stntionnry. Tho "I" whrols movo, of course, from column to column but romnin fixed in Any 
einglo rolurnn. Tho RA \V is so conJ<lructotl thnt no mntlor whnt tho p011iLion of LAW, ItA W 
will movo from I to H after ono deprcsJ<ion inatrnd of nflor 20 dnprcMionA, as in tho CAAO in nil 
nth�r l�llN11 on llA W. 'l'ho rnovemnnl or fiA \V rrnm I to II in<luc011 Lito rnovcmnnt of tho 

150" ,.·heels. For the lolock of 650 ouUincd , tho motion then is as follow&: Tho "I" whnol 
"--•O..-cs Cor cnch lctlrr; tho "26" wheel moves in pn.ssing from fino to line; tho "050" whools 

movo in pnssing from hlock to block. ! 
Tho figure illustrnl.c8 tho most general comploto block. A rn088ngo mny, of course, at&rt 

nnywhnro within tho block.' 
The disgrnrnmntic ecbemo of tho molion9 of tho whel'ls ennblcs ono to find readily tho 

length or ryclr rNptired Cor tho wheciA to rotum to their originnl rl'lntivo eoLting. 
Since tho "6!i0" wltrels movo bdoro tho "20" wheel hM mndo n comploto revolution, tho 

"650" whet'le nntl tho "20" lVhcel will be in tho Mme relative seLling ajltr 1 + Ho rovolut.ionB of 
tho "20" whC!•IA, i.o., on line 28. Tho "1" whcclA must move ono Apnco to cntch up to tho 
other whrcla. Tho letters which como from tho snmo relntivo aoLtinga nro thorofare 27 linos 
ol 20 opnrt nnd ono column over to the right; thnt is, tho length of thla cyclic period is 703 
letters 1(27X2GH-IJ. 

Tho importnnco or 1\ thorough undcrstnnding or fi�:uro 2 i�. thl\t il it iR po!ll'iblotodetrrmino 
cxoctly when in tho coun;n of cndph�rment of n mr.�sn�:o tho "Olio:• wheels wore di8plnccd, it 
is possible to drtrrmine thn exnct initial settings of LAW and ItA W (snve Cor tlui two oxcep­
tionnl CMes rcf�rred to in footnote I hC'low). 

7. Study or cryptographio actlon.-Wo "'"Y now proccrd with a discu.,.ion of an actual 
example of cn�iphorment. Let it bo ll88urnetl Cor thi� example that tho initinl eotting is "f 
Collowa: ' 

{ "d"d"d";j"d l'crmut&tion or wheels: � � � � � E: � ..J O:: uuuuu 
Align mont of wheels: A A A A A A A 

Dog nction: BDV 
Switch lover aotting: "CODE" 

I The above octUns lo Uoi\L d epleted In nsuro I J 

FJOORI 3 

The mnchino is ready Cor operation at t.ho inst.nnt tho current ia turned on. Let it bo  
nssumcd tbnt tho messogo begins 

RELlA BLERE PORTS INDIC ATETH ATJAP ANESE 

FORCE SHAVE ADVAN CEDON CHINE SEF"OR TIF"IC 

ATION SIHTH EWOOS UNGAR EA • . • • . • • •  

'-...- �are t..-o urrpUono to tho oltuation depleted In figure 2. II tloo control whocta were .. t ori�lnally 
at HH, tloo 6rot biO<k would contain 6�1 lctlert, althoush thcrcl\lter tho motion would be ao In llgure 2. II 
tho control ,.·hoclo ,. • ..., oct originally at II (in which I Ia not H), Uoo "850" wltoct. would movo alter thollrot 
letter wu enclpherod and tbcn:&lter tho motion would conform to fisuro 2. 

, \ 

i 1 

1 l 

j 
l 
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When tho onciphorer doprc.•ses tho ltoy R, two �witches nrc closed. Ono or thrso cnntrols tho 
printing circuit nnd tho othrr tho mechnniC!II device whirh steps tho whrelR fuf1l•nrd. In Lito 
printing circuit, tho current lr�tvcs t.ho contact corrC9pontling to key n, pllll!les to tho lottrr R 
on tho Jll"S;t from Ron tho ltFS it goM through tho cipher wheriR toE on thn LFS; Crotn Eon 
tho J.FS tho circuit goC8 to Lhn 110lenoid cnrrCRpnncling to E in thn back of lltCI printer 1\•here it 
is trnnRlnlClll into a mechnnirnl n�liun, nnd tlt11 lnLtrr E i8 priut�.l. 

\VItilo tho cipher lnLirr i� b'ning printn.l, UtCI lltngnoL runlmlling l hn IIHWhn11irnl tlrwirf' i• 
coergir.l'd nnd Cl\us<'8 tho motor to movCI the rl\tchnt cradle down,.·nnl nnd bnck to its original 
po�ition. When tho crn<llo hns rrncbcd its lowest point, CW1'3, CW1'5, nrul AWJ't rngngo 
th�ir rospcelivo ,.·heel� turd elep thrm Corwnnl on tho upwl\rd thru8t. Tho ruftdoiun i.' 11ow in 
po�ition to encipher tho eccCind letter of tho mest�ngo. Tho setting Cor tho second letter will bo 
ZA-AAZAZ. Tlto enciphering opernlion ia tho enmn Cor tho following 18 lcl ll'rs. However, nt 
tho cncipborment of tho nineteenth lcttur, tho LAW will ho ftO BCIL Urnt I is nt tho bench m11rk, 
nncl tho roller of AWI'2 will Cnll into tho notch on th11 periphery, cnu�in�t thn RAW to ruo,·n 
forward. 'fbo nct.ion of tho bnck dog will bo nt�utrnlizcd during this inslnnt, 1\nd tho riphcr 
whool pnwl governed by it will bo pem1ittcd to 1\Ct. Since tho bnck dog is ant nL V, C\VP1 will 
bo libomt.od and CWI will movo Corwnrd orlo st!'p nccompcLnicd by CW3 nml CWG. At tho 
end of tho enciJihormcnt of Lilia Iotter tho aotting i.e 

� � 
:j i2 

���";J"ill 
rs t'3 t'3 t'3 l'3 

H Z  Z A H A H 

F1ana• 4 

For tho next 20 lnttcrs, CW3 rmd CW5 will movCI forw11rd continuouAiy nml, with lh�rnci­
phormcnt or tho forty-firth lctll'r, the action df'J!Crihrd irnmrointc-ly nbovo will be duplir.ated. 

From this point on, tho llAW nnd CWI will rnovo rurward.ono Bll'p with ench 26 letters. 
Jlowovor, 1\Cter 17X20+ 18 lottors have been enciphered from tho initinl��etting, lho nlignment 
or Lhe whoole will hnvo bceome 

� 9: 
:j i2 
J J 

����"ill 
t'3 t'3 rs l3 l'3 
J A J A J 
Frotu 6 

1 In tho earlier model or tho moeblno wbtu tho owlt.ch t. at the "dlree�" or euel1>herin� pooltlon, tho koy­
bo•nlla oo•oucetcd to tho LFS. In tho 11132 model, howo,·er, tho rovoroo ol thlo lo true. Tho currrn� no..-. I rom 
\be kor oonll\ol to tho RFB, lhroush the clr•h., wheel• to tho J,FB, And rro on lho J,FB to tho proper oolenold 
or tho printer. For the RFB, LFS, and wlrlns or tho wbeet., ace pasco 12 and 13. 

007 
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10 
When tho key corrl'!lponding to tho no:<t plnin-trxt letter is depressed, tho CWJ>3, CWI'ti, 1\nd 
A Wl'l will engngo their rospcctivo wheels and move them forwnrd to tho setting 

Et: Et: 
j � 
I J 

� � � � � 
� � � � � 

J A I A I 

F1ouna 6 

On tho nc.'t Iotter, tho roller of AWJ'2 will f11U into tho notch of LAW and will c11uao RAW 
and CWl to move forl\·anl lritb CW3 and CW5. Tho Mtt.ing is 

Et: Et:  ����� 
j� ��t3�� 
H I  I A H A H  

Foouu 7 

Now for tho noxt Iotter tho roller of A WP3 will fnll into tho notch of RAW n nd thd CWP2 
and C\VJ>4 will ho li�rnted so tlont they mny cngngc CW2 and CW4. Tho A WP3 y,·ill nl80 
engogo the RAW, moYing it for,.,·ard along with cipher wheels 2, 3, .f, nod 6, and tho LAW giving 

Et: Et: 
j � 

-cl -cl ,.... N Et: "" u u 
� � � 
p:: Et: Et: lJ u lJ 

G H  I Z G Z G  

FJOUU 8 

for tho �nciphrrn•ont of tho next letter. Now CW2 nnd CW5 will not move forward ngnin until 
thr ItA W Ions been rotntcd to I. It will be notrd in tho cnAO considered alxH•o, thnt thd 
RAW on rrnching J rnovcs forward two spoors for one re,·olution of tho LAW. This parLicular 
setting of the RAW i, the only one which a !Iowa such n motion. 

8. Action oC possible dog aettings.-Tho di�placcrncnt.s of ciJ>hor wheels in tho oxamplo thus 
far stud ied rorr�pondcd to tho�e for a BOV setting of tho dogs. What would happen for other 
setting�? Tho following tn!Jio shows the displncomC\nt.s for cnch of tho 60 possi!Jio aettinga of 
the three dogs: 

\...__. 

11 
TAtU�Il 11.-.�"owi"g ciplter·w'-f'tl di�plaumf'tat•for all dttg Arlling• 

IJ&IIIorof 
J.to;Thi.T::�ll"''\ln• !r�lft dea.,•� J10;'T;;�-r..-.odeplft tlutU 

doo.• 
I 2 3 4 6 I 2 3 4 5 I 2 3 4 6 

ABV 3 4 6 I I 2 

" 3 4 6 2 I 2 

X 4 6 3 1 2 

y 3 6 ' I 2 

z a 4 6 I 2 

ACV 2 4 6 I I 3 

" 4 6 2 I 3 

X 2 • 6 3 I 3 

T 2 6 • I 3 

z 2 • 6 I 3 

ADV 2 3 6 I I 4 

" a 6 2 I • 

X 2 6 8 I • 

r 2 3 6 4 I 4 

z 2 a 6 I 4 

AEV 2 3 • I I 6 

" 8 • 2 I G 

X 2 • 8 I 6 

y 2 a •• I G 

z 2 a • 6 I 6 

BCV • 6 I 2 3 

" I • 6 2 2 3 

X 1 4 6 3 2 3 

r I 6 4 2 a 

z I 4 6 2 8 

BDV 8 6 I 
' 2 4 

" I a 6 2 2 4 

X I 6 3 2 • 

r I 8 5 • 2 • 

z I 3 6 2 • 

BEY 3 4 I 2 6 

" I a 4 2 2 6 

X I 4 3 2 6 

r I a 4 2 6 

z I 3 • 6 2 6 

CDV 2 r. I 3 4 

" I 6 2 3 ... 
X I 2 6 3 3 4 

r I 2 6 • 3 • 

z 1 2 6 3 • 

CEV 2 4 I 3 6 

" 1 4 2 3 5 

X I 2 • 3 3 5 

T I 2 • 3 6 

z I 2 • 6 3 6 

DEY 2 3 I 4 6 

" I 3 2 4 6 

X I 2 3 4 6 

y 1 2 3 • 4 6 

z I 2 3 6 4 6 

Not nil tho 80tlingA shown in tniJICl II, howov�r, were u!K'd in tho tosL ml'll.�ftj:NO, M y,..jiJ 
he notr<l from n careful rMding of tho i11•truclion� BOt forth iu Appendix I. luformnlly, it 
wns Btnlod thnt n limited nnmhor wM t•mployod, but tho !Jnsic principles followctl iu tho se lection 
of sotti11gs nctunlly uao<l wcro not tlisclosod. 

, OG3 
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CRYPTOGRAPJIIC ANALYSIS OF TilE MACIIINE 

F.,acraph 
Preliminary prtpe.rallon . . . . . . . . . .. .. .. .. .. .. .. .. .. ....... 0 
ClaMincftllon or "'""!&�··-------------------- 10 

P��nrnrb 
lnde• or lnOnoalphoheUelty. . . . . . . . . . . . . . . . . .  H 

Con,·crtloll flf "V" mtesAgre........................... I I  
Ocntrat OIHi'crvatioDII on uyu mtMa,r;e&.............. 12 
Application or prioclplca to a ouopeeled "V" 

mceoaso.- ----------- - -- - - - - - - - - - - - - - ---- l a 

AppllcnUon to Scrlol No. 210. . . . . . . . . . . . . . . .  16 
11clatlun between alphabet& In dlacrent bloeko. 10 
l�um6 ••••• ------------ _ _ _ _ _ _ _  --------- - - 17 

0. Preliminary preparation.-Tho firs� �l<'p in tho 11n11lysis is, or courso, lo rocord Uto exnct 
,.;ring of tho LFS, ItFS, nnd tho vnrious cipher wbccls, so lhnt tho mi.'tod-o)ph11be� sequences 
mRy bo trnnscribed upon �liding s�rips which mny ho employed in trncing through �ho oxnct 
pnlhs follo•�ed by tho electric current in enciphormont or dociphorment.1 The "i.ring of tho 
six cipher wheels WIIS kindly furnished by tho Nn"y Code and Signal Section, lo climinal.l! the 
small nrnoun� of lnbor ll111t would bo involved in this determination. Tho wiring or the LFS 
nnd tho fli'S was dotomunod in coUnborntion with n roprcsont.ativo or tho Nnvy Codo and Sign11l 
Section, \\'ith a Bimple testing circuit including a voltmeter. The wiring or �ho ror�going o(l)­
ment.a ia liS shown below: 

Cipher wheel ld 

Uigb� A B C D E F G H I J K L M N 0 P Q R S T U V If X Y Z 
Loft N B I V L A P J If R U F D G S E C H 0 Q Z T N Y X K 

Cipher wheel 2d 

R�h� A B C D E F G H I J K L M N 0 P Q R S T U V If X Y Z 
JAU K R V F D L If I C X P A Y N M T B J Z 0 H S E G U Q 

Clphor wheel 3d 

H�ht A B C D E F G H I J K L M N 0 P Q R S T U V If X Y Z 
LoU R V U Q N J S D X I A L O K M F E C Y B Z if P H T G  

Clphor wheel 4d 

flight A B C D E F G H I J K L M N 0 P Q R S T U V W X Y Z 
Lett C S X T M Q N L Y 0 E ' l  F If A H P B G R U K J D Z V 

Cipher wheel 6d 

nigh� A B C D E F G H I J K L M N 0 P Q R S T U V W X Y Z 
Lett J 0 R X Q E G I S C F N A U Z M H V Y L K D B T If P 

I Bee SccUon Ill or l'arl I. 
(12) 

I 
' i  

I 

.i 

·I "1 
l 

"·l ' 
l I 
·l .I I 
I 
I 

1 � . 
I 
j 
I 

.·-
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Cipher wh""l Gd 

R�ht A B C D E F G H I J K L M N 0 P Q R S T U V W X Y Z 
Lett C G K U P F W O S X Q E Z J I B L H T R O N A N V Y  

De nob 
mark lUll (rl&ht O.od 0<1quonoo) 

! 
Y L V R Z X C P F 0 I Q A N J B N S E K D G H T U If 

Donob 
mark J,FS (loll Raod ooquonco) 

l 
T E G 0 U S X U P Q Y V II A M B K R F J L Z I W 0 C 

FIOOU II 
Tho loregoiog alphabet• ol tho cipho.r wheels, for purpo&oe or nnn.lysis, m11A� bo converted 

iuto tboir rociprocmls (1100 p11r. 8 of Part l), aod 11ro thon aa follon: 

NAL. A 8 C D E F G H I J K L M N 0 P Q R S T U V W X Y Z 
MAL. F B Q M P L N R C H Z E If A S G T J 0 V K D I Y X U 

. .  NAL, A B C D E F G H I J K L M N 0 P Q R S T U V If X Y Z 
MALt L Q I E if D X U H R A F O N T K Z B V P Y C G J M S  

NAL, A B C D E F G H I J K L N N 0 P Q R S T U V If X Y Z 
MAJ .... K T R H Q P Z X J F N L 0 E M If D A G Y C B V I S U 

NAL. A B C D E F G H I J K L N N 0 P Q R S T U V W X Y 7. 
MAL. 0 R A X K W S P L If V H E G J Q F T B 0 U Z N C I Y 

NAL. A B C D E F G H I J K L M N 0 P Q R S T U V If X Y Z 
MAL, N If J V F K G Q H A U T P L B Z E C I X N R Y D S 0 

NAL, A B C D E F G H I J K L M N 0 P Q R S T U V W X Y Z 
MAL, W P A U L F B R O N C Q X V H E K T I S O Y G J Z N  

' -.' FIOUU 10 

The foregoing 11lphnbo� oro now trnDBCribed upon sliding atriptl 11nd made ready for use. 
10. Clr.ulftcallon of me11qu.-In whr.� follows we ahall rofor lo 11od el�sify rnffltlagcs 

according to tho fin��! Iott-er of thl' dog-action aottiog, V, If, X, Y, or Z. By a "V" m-age, Cor 
example, wo moan one in which the dog-action aottiog ia I19,V; by a "Z" m088ngo we mean ono 
in which tho aotting i8 ele,z. 

In rospoc� to the (orflgOing ciMSification, the types of mG��Sages whiob lend t.hemaelvM most 
rudily to etudy belong to tho "V" or "Z" cllUI8Ce, for roaeo011 which will now be explained. 
Wo first take up "V" mossngoa. 

11 .  Connralon ot "V" meaaacoe.-8uppoae that the cipher whool in potli�ion I '  ha.' been 
dotorminod, • together with i� initial aetting and motion. It  i8 I bon poS9ible lo convott the 
lnOI!Sngo into 1\ now cipher (rom which tho o!Toot of the LFS and tbo IIJ'!It cipher wbool bM been 
removed. In l11ct, it �ho motion and identity of any numbor of coneooutive cipher wbeola begin· 

1 We humber lhe wbeel pooiUo1111 from loll to rlaht. 
1181._.�2 
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14 
ning from tho loft hnvo boon complot.oly dot.orminoJ, tho effect of tho L�'S 11nd thoso whocle 
moy bo removed from tho p!\ft.iculRr mos�ngo so th11t only tho rom�ining ciphor whools hnvo nny 
cfToct in producing tho convorte.d messngc. 

To illustrnto, suppose it is known thnt 11 pnrticulnr cipher Iotter Q representing E. wds obtninod 
with CW ld set nt F in poRition I .  Tho pcrmut11tion nnd settings or tho romnining wheolft nro 
t.ompomrily o! no consequence. Then , Rinco Q on tho LFS ia oppoAito position 10 on DSI, tho 
current must lonvo como frum lho tontb Iotter on M AJ�I , viz, S. Tho S ol NAJA is opposite 
position 14 on DS2, nod it mny thercloro bo concluded lhnt tho ourrent producing tho Iotter Q 
in question pns.qod through tho lourteonth cont11ct ol tho second bnkolito BOJHirotor. This 
information may bo dingrnmmntic8lly represented ns Collowe: 

DS2 • • • . • . . .  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
NALL • • • • •  F a ll I J K L II II 0 p Q R A T u v 11 X T z A B c D E 

& I 
MALL ••••• L II R c H z E II A G T J 0 v K D I T X u r B Q II p 

BSI •..••••• 1 2 3 4 5 6 7 8 9 16 11 12 13 14 15 16 17 18 i9 20 21 22 23 24 25 26 
LFB •••••••• T E a D II s X u p i T v H A II 8 K R r J L z I II 0 c 

FlOORE 1 1  

H tho successive contnct.s o l  DS2 wore identified b y  monos or 8 nom�al soquonco, position 
14 would correspond to lottor N, nnd tho current could be enid to hnvo corne !rom N on DS2. 
In oUter words, tho nction of tho lnst four cipher wheels, i.e., those in positions 2, 3, 4, nnd 6, 
mny bo considered to hn vo rosult.od in n roploccmont of E0 by N,. 

· II tho setting of tho secoml wheel wore nlso known, tho converaiou , i .e., tho elimination of 
tho cipher wheel in position 2, could be cnrried over to DS3. 

01 courso, tho foregoing npplics to n single lotLer only. Dut, ii tho loft-and wheels woro 
luto\m not only ns to identity nnd position but nlso ns to motion, tl>en tho motion could bo 
taken account of nnd tho converaion cnrried through for tho �ntire mcssngo. 

RPturning then to n considerntion of n "V" motion in connection with the foregoing reason­
ing; suppose it possible to determine the first cipher whecl nnd its initinl aetting. Then, since 
n "V" motion mcnns thnt the cipher wheel iu position 1 steps !orwnrd onco e\·ery 20 lott.ora, n 
complete ronveraion to DS2 can bo carried out. 1\torrover, no difficulty onn nrieo in connection 
with the r�nct plnco in the messngo whero this cipher wheel stops lorwnrd, bccnuso tho initial 
setting or the first wheel gives tho initinl setliug or tho Jolt control wheel and hence detemt.incs 
just whore each lino or 26 letters begins.' 

II tho converted mcssugo is written ou t  in lines or 20 lott.ors, then in onch column we ltnvo 
let tors which hnvo been enciphered with Lito lost lour cipher wheels in oxnctly the snme position ; 
hence nil letters within tho snmo column belong to tho anmo mononlphnbet It is thua aeon 
thnt n "V" mcssngo whoso first wheel is know1i,1wloon correcUy com·ort.od, becomes 8 polynlphn­
botie substitution ci pher of 26 nlphubots. Tho Iotter mny · bo · rocogni1.cd or dotcct.od by 
the usunl tost.s based upon repetitions nud tho normal IIJJpenrnuco ·of mouonlphniJetic distri• 
butions. 

12. General observations on "V'I messagos.-A method or nttnck is thus indicated. · If a 
mcssngo is suspected to bo iu n "V" motion, n conversion cnn bo carried th�ough lor every possiblo 
wheel in ovory possible bench-mark setting. The correct asaumption 1uill yield a meuoge nrranged 
in !6 alphnbeta, which inny bo recognized by tho usunl oxtem81 pltonomenn. Since there oro 
six wheels, ench of which mny nssume two positions nud 26 settingR on each wheel, tho total 

I See Appendix I, huolrucUono U..ued wllb llcbern, par. 2 (o) (2). 
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number of trials nocessnry lor any single mes.,ngo ie 6 X2 X26=-312. For o11ch of those triaL! tho 

converted mossngo must ho tested to dotrnnine whether or not it is now in tbo Corm of n sot of 

20 mononlphnbots from lolL to right in tho successive columnA. 
Nntumlly, for such IA'.&ls tho length of tho mossngo is very importrutt, lor unless thrro are 

enough elomcnt.s in n lrcqu�ncy distribution it iA very difficult to toll whether we nro dcnlin� 

with 11 rnrulom or n pcrlynlpltnhotio tliRtrihutinn. ConANJtoOnt.ly, wn •hnuiJ rnnko our lr•l� 
fimt upon tho longest mos.•ngo wo cun lind nllfl then, i! no "V" meMnJ:o is iml icnlctl , trr tho nr�t 

longest messngo, nnd so on. Accordingly, &rial No. 183, with 1,-'20 lott ors, tho longost In tho 

sol of 110 cipher mes�ngr�, wn.o tho fimt ono solcctod for experiment Tho resulls wore nrgnlivo, 

i.o., tho tortts indicntod tltnt tho mossngo WM not A "V" mN0-•1\go. Sinco tho st.opA lolluwt'<l aro 

the Anmo ns in n succos.•lul tortt, tho dott\ils in connoction with this nrgativo oxporiruont cAn be 

omitted in favor o! those in connection with n successful oxporimcut. 
13. AppUc11tlon of prlnolplea to a aoepected "V" meaaa,e.-Considor tho BOCond longest 

mossngo, Serial No. 210, with 1,32G lotte111. 
This mossnge bogina M follows: 

OCRYP IIWKON QCPJI loiUNDK GZLYY JLFZG 

Let us n88umo thnt CWid occupies position 1. Lot 110 further nosn1110 thnt tho initinl 
bench-mark setting (or CWl is A, so thnt 19 lottc111 will bo enci phered bo!oro CWI moves. 
Thon tho conversion oquivalonts (to climi nnte LFS and CWl) Cor the first lino of cipher toxt 
nro obt11inod by setting MALl-NALl-DS2 nt::ninst tho LFS eo thnt A ou NALl is oppo�ito T 
of LFS (tho ioitir�l or bench-mark setting). 

Tho cliagrnm of sliding-strip alphabot.s for tho conversion is na follows: 

CW1 

DS2 _ _ _ _ _ _  A B C D  E F G H I  J K L Y N 0 P Q R S T U  V W X Y Z { NALl _ _ _ _  A B C D E F G H I J K L N N 0 P Q R S T U V l'l X Y Z 
MALl. • • •  F B Q N P L N R C H Z E II' A S G T J 0 V K D I Y X U 
LFS • • • • • •  T E G D N S X U  P Q Y V H A N  B K R F J L Z I W 0 C 

Fro on 12 
Dy trncing cnch cipltor Iotter bnck from LFS to DS2 on the foregoing diagram, wo got the 

following convoraion equivnlents: 

I t I t I I T t t 10 ll 12 11 U II 18 17 18 It 
Cipher _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 C R Y  P H  W K 0 N Q C P J I M U N 0 
Converaion cquivnlonts _ _ _ _  X U J Z C W Y T X P H U C V I S R P W 

Fooonl3 

To obtain tho equivnlont.s Cor tho second line of cipher tc�t, wo must now shift l\lALI-NALl 
ono intorvnl forward, to tnke into nccount tho (net t.hnt OWl hna stepped forward ouo intcrvlll. 
DS2 romnins stntiounry. Tho dingrnm of nlphabots !or this convo.rsion is ns follows: 

CWl 

DS2 _ _ _ _ _ _  A B C 0 E F G H I J K L M N 0 P Q R S T U V l'l X Y Z {NALL • • .  Z A B C 0 E F G H 
_
I J K L M N 0 P Q R S T U  V W X Y 

MALL • •• U F B Q M P L N R C H Z E W A S G T J 0 V K 0 I Y X 
LFS _ _ _ _ _ _  T E G 0 N S X U P Q Y V H A N B K R F J L Z I W 0 C 

FIOtl .. 14 

Ol O 
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Tho convo111ion oquivaloniA lor tho BOCond lino nro lhon AS lolloWI!: ' .  

1 2 1 1 1 e l O t iO II 

Cipher _ _ _ _ _ _ _ _ _ _ _ _ _  
. 
_ _ _ _  ._ _ K G Z L Y Y J L F Z G 

' ·  
Convetsion equivalents. _ _ _  H C L If I I P If K L C 

FIOUU 15 

· To obtain tho equivalents lor Uui third line of cipher toxt, NALl-MALl ie displaced ori� 
more interYIIl (lor-Ward) to tho right, and eo on. · · 

· 14. Index or monor.lphabetlcity.-Wbon this hM boon dono for tho whole mcMago, the 
column� of convc111ion equivalents oro examined from tho· point of viow of thoir po99ihle mono• 
alpbabeticity. Of coureo, one could study tho columns for rej1otilions of einglo lottc111 within 
columm, lis well M for repetitions of digraplu, tiigrophe, and polygr&phe. Dut this 'would 
require much time and tho compilation of many frcfJUency distribul.ioiUI. A boUi)r wo:y is to ' 

try to establish mononlphnbcticity by et.aliel.ic11l mothods. For this purpose wo ml\y set up, 
theoretically, or by calculation on nctual plnin loxt, nn indox of mononlpbnboticity with wltich 
a calculation Cor unknown toxt should ogroo within limite of v&rialion duo to ch11nce. Tho plain 
text ehould be arranged in horizont.al lines and tho frcqul!ncy dislrihutione for individual columns 
then propa.rcd ; in order to bavo· accurat.e results, t.ho number of columna and t.bo number of 
elements in each coluam .ehould be fnirly largo. , · •  

: In each distribution tho•surne o f  the squares o f  the !requenciea should b o  found. The 
index itaelf and the limits of varintion should then be obtnincd by finding the moan 1\nd etnndf\td 
derintion for nU frequency distributione. For 1\ rminolllphnbet or T lotto111 tho moan of t.b& eum 
ol tho squarrs of tho absolute frequencies is, thoornl.icnlly, given by 8'-0.0GG T'+0.034 T. (For 
II mote complete etniistlcnl d1scussion or monoalphoboticityl BCO s. Kullbnck, Stalitlical Mtlhodl 
in Cryplan.alvfif, Technical Publicatioh of tho Signnl Intelligence Scct.ioo, 1934.) 

"To apply these results to tho problem in hnnd however, 11 slight modification ill ncccMnry. 
The· foregou•g index applies to tho case whero a !roquency distribul.ion cont.ains T Jotte111 and 
ie 11.-idlv monoalpbabetic. In our problem, however, we can never expect thC8e two conditions 
to obt.Rin, becRuso, fll'lltly, at a mRximum thoro can bo only 25 lotto111 in each rnonoalpb11bot 

,(lor niter 25 linea have bOQn eucipherod tho "050" wheels move and oon86qucntly tho t\ftmty­
sixth letter in the column boJonga to a difioront alphabet thnn do tho first 25 lot.�111) ; IOCO�dly1 
we do not know whore this "OliO" brenk occu111 in tho messngo. lt may occur dtor tho very 
firllt line, 'or alter the second, third . � . line. Coruequcntly, it can cuily happen that in taking 
only 20 loLi

.
crs por i::olurnn .wP mn.Y. bo aasimilnting 10 lette111 of one monoalphribot with 10 ol 

another, or i t 'of ono and liS ot nnother, and 80 on, 80 tbl\t tho index for purtl monoalphaboticity 
would never be closely approximated. We may, ho1vover, bo sure of one thing: U we should 

1 
J 

11 

tako columns of 30 lotters, the number of lnLtcrs th&t rn11y 1&11 in tho roepccti"o alphkb�ts c11n 
bo only 1111 follows: · : 

Tun III ' ' :" . I , 

c ..... 11nt ll«lon4 Third c ... . Flnl e,_,d Thlttl 

t.lllh•btl a.lph•t ... l alpbaMt ol�bol IJp�bel atph•htl 

23 . .. 
I 0 25 I I  14 IS 0 . ,. 
2 I 25 10 16 14 22 0 
a 2 25 11 16 ' 15 21 0 
4 3 25 8 17 16 20 0 
6 4 26 7 18 . !7 . 10 : 0 
6 6 26 0 111 18 l . 18 • 0 
7 G 26 6 20 10 17 0 
8 7 25 4 21 20 • ,  . 10 : 0 
0 8 26 a 22 · : 21 16 . . 0 

' 10 11 26 2 '  23 22 ' \4 . 0 
I I  10 26 I 24 23 . 13 0 

I 12 I I  26 0 26 24 12 •0  
18  12  24 0 20 25 ' I I  0 

; . 

: � .. : .:- : 

• .. "! " 

' 
• I 

Tho wo111t poMible CIISil9 lor our purposoe are those in l'hich throe different. alphnbcte Imler. 
The beat possible cnses nro thoeo in which only two alph11bets ont.er. • 

Wo rn11y, howovor, assumo thooroticnlly Lhllt thlise L<'n CMOII in . which tho 36 loLt.ers fall 
into thrcn different nlphllhoiA would not distort tho IndeX' Cor mooonlphnbcticlty v�ry iuurh, 
einco tlur lctto111 flllling In one 'otphllboL (26) 11ro much rrioro numorotle •than thoae falling into 

each of tho two other nlphabote. · In fnct, the indox m11y perhaps not b� di3tortod nny more 
in thoeo clll!t'll tl111n in tho ones whero tho distribution is 18 in each nlph11hot, or 17 in ono IU'Id 10 
in tho other, or 10 in one and 20.in tho oth�r. Coneoquonll�, if wo coMide� th11t tho cuo in 
which tho lottere aro clividcd equally between two nlphnbots !II perbope tho worst for our pur-
posoe, even thon wo havo only bielplulboticily to dcnl wilh. · · . 

Our problem is theroforo now ono not of strict mononlph111loticity bu't or npproximatc 
binlphRboticity. What is tho imlox for thflt7 A<ILUIIl Cllloullltionl! upon 'eov�ral diAtiih�liona 
of RilLe o( 30 )otters in two tlifiorcnt nJphnbote gnve Ill\ 11vorago ind11x of 04 for lho auln of the 
equnrcs o( occurroncce o! lottol'll for tho cuo whor'll tJ•e 36 leLIAlre wore nvcnly; dividnd bc�woon 
two lllphabcte. · · 

For our purposea, thoroforo, we may aasume lln index �f 94 to be .tho minlmum po�wible 
in studying colunms of 30 letters. 

· 
. 

1 

16. AppUcatlon to Serial No. 210.-Whon tho calculations pott"ining W this index of 

bialphllbeticity wore npplicd to tho various oonvorsioiUI of SoriRI ·No. 210, aceording to tho 

diiJoront cipher whcols, Lho Clllcul111.ion applicnbltl to tho case. whoro CW2r wM in po�itloo 1, 
with Hat t.ho bench-mark setting g"ve, lor the flret five columoe, indices that 800mod conc16eive. 
Thus:! · · 

· l 
(lndu 112) 

· 

A D O D B P O B I 1 X L X N O P Q B 8 T U V W X T Z  
- ::::: ::: ::: :;:: :::: :::::: � �  - ::: -- :::::: :::::: 

F100 .. 10.-Diolribulion for eolwmn l 

and eirnilor rceuliA for tho colwnns 2, 3, 4, and 6. 

;.- :- 0.1. 1 

. I  
I 

I 
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Tho mci!Sngo Wl\ll 11coordingly oomplotoly convert.cd nnd trallJ!Cribed. In this trMscrip­

tion we may place tho .. ory first Iotter of tho m�ngo under H of the LAW Boquenco, Binco under 
tho spcciflc:ntions it is known that tho initial ROLling of LAW and tho cipher wheel in position 
1 must coincide. Note tho ropotitiooa that appear: 

Froou 17.-Btriol no. 110, eonwrtrcl 
F'ROY: !lAVAL STATIOII GUAM 3 MARCH, 1932 
TO: OPHAV 
INDICATOR: 1003 �WE VGBKL 

2 

a 
.. 
6 

6 

7 

8 
0 

10 

1 1  

12 

13 

1-f 

16 

16 

17 

18 

10 

20 

21 

22 

23 
2-f 

26 

l t I 4 I t l t t JO 11 11 I) U II It 11 II II 10 71 n D tt JS 21 
H G F E D C B A Z Y X W V U T S R Q P O N M L K J I  

� F G 8 R P S Y K C N F R V II T X C  E Y W J U 8 8 V 

W H V M 8 N H O S U R J R Q S Z F D I J U D U K Y H  

P V 8 W X P I Y 0 X N Y 8 A S 0 Z I P W »_! C Z I H 
W F 8 I K L C Z Q R R F 0 K A M M E S T J D C J 8 G 
V C E M R N J P 0 0 R F Q C K S D E M M V L 8 Q !_B 
V G U M L 8 M X A A N N Y C V T N A F N 8 L K W M R -----
P F R M R T L C W K 0 8 C E U S H P E I B X S N G S 

D S F W 8 P S U N P K H M N W P K L N W E N A L I Q 
K G E E A N J Y K J K A R D S G N S R U W E Q U tl_R 

P C H E A X L Z L W V 8 0 C U I S D N Y C Z T X G I 
J C P H A S P 0 0 A U Q L G V Q_!_g U I C G G J !_B 

Q F I M L 8 N 8 X W E F F G A Y Y D K T 8 Y T X W 8 

I G U N Z N J K E W P H F E V C S Q G � X U !_M Q 

P Q.J! D I X Q Y Z V L L 8 C 8 J X R U U O Q 8 Z F S  
D B Q M I K Z E Z 0 0 8 B X A A F W N 8 C Q I X 8 V 

G F E M A X L U N J P K U U F G D 8 K U S G Q L S V  

I N T U F N X V L A 0 R L X C I X 0 W � E 8 X 0 D 

G G F E R P R P L J U A R W K I J A E I »_! S K J J 

P Y F H F D S 0 N M T 8 0 G H S V T M E C Y W W liJB 

C C U B I F D R P W A G H l_§ N W W N T C R I M H U 

L H T N 8 B W E 0 L K L I W A Q_!_g J I W J L Y A 0 

G C. E N I M V V A  I U A H T A J V J H J P C  Q L tl_B 
Q 8 V R A S P M S C K F M 0 A Z D G V U I R T X M I . -
S H T S M L Z F Q W N W Q W C E V G E C 8 Y T 0 8 Q 
L 

g 
10 

1 1  

12 

1a 
a 
16 

16 

17 

18 
10 

20 

21 

22 

23 

2-f 

26 

26 

1 
2 

a 

.. 
6 

6 

7 

r � l J 

19 

Froou 17.-Striol no. 110, eonoaU<I-ConUnued 

FROM: NAVAL STATION GUAM 3 MARCH, 19�2 
TO: OPNAV 

INDICATOR: 1003 �1BE VGBKL ' 

I 1 I t I I f I t 10 11 12 II U II at IJ II It " 21 71 2'1 1� " ,. 
II C F E D C B A Z Y X W V U T S R Q P 0 N M L K J I 

26 D F F R L G 0 0 U Q N L l_§ C K W R Z L 0 Z K J S 

26 Q V L L A P A Z L K Q G A I 0 P U V F W G U G V Q_K 
27 J O E R U S F Z G I J L N V M S Q G P J L O M W C X  

28 N P E H X X B I L C Q Q X I S X M V 0 M Z H X A Q_K 
20 J Y � D S D K Q R H A K I K U I H I A F R W T K I 

30 P G G Y 0 Z Q B 0 K S W B I C L U � §_Q J G 0 P I 

31 I T Y D L H S Q E N C Z P � Q J H !_X F F W Y S I 
32 g J T V U F W S T P Y G B Z M F Z K !_X P B X A I P 

33 U 0 P Z 0 F E V N I Z R M F R F B K K X II K P N U U 

3-f T X C  R E Z � I  U N  Y C Q � C F E Z  §_Q Q R U V A  

36 T V U V E N D H T U 0 V R T S Q M � Z R Q W L H I 

36 � U 8 P Q A U N Y X Y I C K 0 D §_Q W G A W I 

37 8 W R X J G S M L G C L A Z S V 1-M-f J L U N E 0 Y 

38 A G K D A X W C J H II 0 D li..2 U U M H Z D Y V P 

30 L W E U 0 8 Q M L G C L A Z S U U G P M S U Y C 0 C 

40 E N f...Q I B G I X 8 Q Q X M K F U_E II P M M D D G  

.fl 0 Q E K N N G I U E R J B Q C I S J I X Z N D L Y I 

42 W 0 G X Z N S B 0 M Q U P 0 R F U V 0 Z L U C 0 0 L 

43 W 0 f....Q S C S 0 L G U X !_Z N A J U §_Q F W L I K 

44 A T F D L N S J L N Y G L E C I I P 8 Z C Q P V B X 

46 W· G L E W G E K X Z N Q R E Y M Y J W T D K C A Y-! 

46 g V H U U R H H 0 � N E H I T  C .r . e 8 L E k N 0 Q X 

47 X J H C R P F K V G N A 8 A S X P 0 A Q M U A F G E 

48 . T J T X X K Z R G· U 8 H 8 G K Y B K B M 0 M W 0 I. I 

40 0 T P C E_£ Y S T I 0 Z P J T Q X U U 0 U Z W F Y. 

60 X J H C L X D Q 0 J Q 0 U !_§ I S K P §_Q R R W Y-! 

61 S K 
61 J P D B J R V E S 0 X X P V A P 0 8 T R F P 0 

7 
8 
g 

10 

1 1  
12 

13 

14 

16 

10 

17 
18 

10 

20 

21 
22 

23 

24 

25 

20 

1 

2 

3 

• 

6 

6 

7 

7 

16. Relation botwoen alphabets In dill"erent blooka.-lt is cla��r th11t !Ill thn 6 1  loLLera In 
lillY ono column of this converted crypt.ogrnm cnooot belong t.o tho same monoalphabet. At 
most, only 21i of Ut�m cnn do eo. There may bo two or throo mononlph11bots invol vod in uch 
column, depending upon whore tho "650" breaks occur. Thus, we m11y outline tho diatribut.ion 
of tho 61 letters as follows: 

I 1 1 r " ' p 
I I  

I I ! I '  . I  I '  . I  
I I 
I ! •  

! I 
I '  I I 
, : I ! :I I � 
II 
i '  
I 

;-
Oi 2 

--....;;;.. � .. �,.::_�-
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TAnL• IV 

Numbtr ()I letters In-
c ... "w··�\ocev.n oo 

II a• 
FIN I s-od Third Fourth 

alpbaiMl t'llJhat,.t afJ)I\Ahtt ·•••h•hel 

I I, 20, 61 0 25 25 I 
:1 2, 27 I 25 25 0 
3 3, 28 2 25 24 0 
4 4, 20 3 25 23 0 
6 5, 30 4 25 22 0 
G 6, 31 6 25 21 0 
7 7, 32 0 25 20 0 
8 8, 83 7 25 1 0  0 
II 0, 34 8 25 18 0 

10 10, 35 9 25 17 0 
I I  11,  30 10 25 IG 0 
1 2  12, 3 7  I I  26 15 0 
I B  13, 38 12 25 ' 14 0 
1 4  14, 311 13 25 13 0 
15 16, 40 1 4  26 12 0 
1 6 10, 41 1 5  25 I I  0 
17 17, 42 10 26 10 0 
18 18, 43 17 25 II 0 
IV IV, 44 18 26 8 0 
20 20, 45 I V  25 7 0 
21 21, 46 20 25 G 0 
22 22, 47 21 26 6 0 ; I 
23 23, 48 22 26 4 0 , 
24 24, 49 23 25 3 0 
25 25, 50 24 25 2 0 

Tho qu!'Stion now arises: Can wo toU exncUy or oven approximately whoro tho "660" 
break or breaks occur? Why not uso tho repetitions of digraphs and trigrnpbs as a leatf For 
nxnmplo, not� tho long repetition on linea 37 nnd 39; obviously, tho brenk cannot occur on 
lino 38 or 39, nor, for that matter, on lino 37 nftor tho repetition MLG • . . . Nor can tho 
break occur between lines 27 and 37, bocauso tho trigrnpb VMS is common to those Iince. Ag11in, 
it looks n.s though tho brenk caonot occur between lines 26 and 28, because tho digraph CK is 
common to thrso two linea. Wo may now study repetitions within tho first hnlf of tho mll88ago, 
working townrd tho middle, lines 25-26, and try to locnlizo tho section whore the b,renk may bo. 

...... �, 

' ' 
r� i ( 
j 

., I 

. I 
. ,  

' ' 
. I 

I :J 
) .. J 

' i  

,;;;..,.,- .  
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Dy a caroful etudy of whd repotilions do appont, wo are lod to boliovo that tho bruak occurs on 
)ina 26 and wo may tontotivcly block out the mcsengo M Rhown herewith: 

IJo .. I lo 25 

Lf . 
Line• 20 to 60 

Llno 51 r -r 
Ftoou 18 

If tho foregoing is corroct,"thon tho t1ocond Iotter of tho mcssago indicator (VQBKL) equals r •. 

(Rofer, in this connection, t� fig. 2.) 
· 

· ' Tho following two points in proccduro should be cnrofuUy observed sinco thry are of frequent 
npvlication in tho soluLion of tho moasnges submitted. 

(I) Tho method of message indicators is essentially a polyalphabot of five nlphnbcls. 

As '!\ result, iC tho Iotter D in the indicntor DMSCH enciphers F, then an iniliRI D in RIIY othrr 

indicntor will nlso represent r.. Similnrly tho determination of tho equivnlent of any Jettor in a 

given indicator givra tho equivalent of that snmo Iotter in tho snmo position in nny other indicator. 

(2) 'fho initial setting of a wltcol detorminoe wbothor it is to bo insortrd in a direct or 

reversed position. I lonco, it it has once beon dotenninod thnt CWl originally sot at F is direct, 

tbon nny othor wheel sot nt r must &lso be wroct. . 
· Wo bavo be!oro us now not ono but two independent problems, encb involving 26 mi..'led 

nlpbnbota, with but 26 lottors in each nlphnbct. ('fho singlo letter at tho brginning of the 

moBBngo and tho l08t line can be of very littlo help.) Tho difficulties of roaching n solution 

undor thoao circumstnnccs require no further comment.' 
11 we could rolnto tho two blocks in somo way, porhnps tho wfficulties could he reduced. 

Why not tnko ndvantnge o£ tho "703" cycle montionod in pamgrapb 6, i£ possiblo? 
Under Uto conditions of thtl systom wo know that nftor 703 letters hnvo beon rnciph!'red 

tho five cipher wbools have returned to their original positions relnt.ive to ono nnotbor. Tho 

only chango that hn11 occurrod in tho setting of tho machine botwoou tho 2d and tho 705th 

letters is that tho fivo cipher wheels havo, 08 though they wero ponnnnontly fixed on the hori­

zontal shaft, boon displnccd ono stop forward botween the LFS nnd tho RFS. This ia equ.iva­

lont to 11 forward step of all the paths which the oloctric current traces out between tho 

whcols. Consequently, if on tho 2d doprll88ion a curront ontors tho whceb from tho UFS d 
Y, for example, and omorgos from tho wheels &t T on tho LFS, on tho 705th depreesion a cur-

0 1. 3  
.-4.!'f'il� 

i l l I 
I I 
I :  . I 
! , 1 1 1 1 ! j  
1 ! II ! I 
i l  
: I  l j 
I I 
' I  
I ·  
I I 
' I  
, .  
q I '  , I  
I '  . I  
1 :  

i l 
I '  d I I 
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rtn� enll>ring th� '�heels from tho RFS a� L (tho lot tor thnt follo,ve Y on tho RFS) must emo11:e 
from tho wheels nt E (lho Iotter tlH\t follows T) on tho LFS. Since all lcttore 703 intorv11le 
npnrt nro rclnted in tho enmo rnnnner, l\'0 cnn uso thi11 fnct Lo ndvnntngo. Dut, first wo must 
tnko into nccoun� �ho fact thnt our tmnscribed mCMngc reproecnts tho conversion text, not 
tho originnl cipher tOllt How nro sequent letter�� of tho LFS rtllltt'd in tho convortt'd text? 
Obviou11ly, tho method of estnbliRhing tho conversion te�t indicntos thi\L if T, of the originnl 
text is r�plnct'd by Z ln tho convemion text, then E, of tho originnl text will bo replnccd by A 
in tho conversion text, einco T is followed by E on tho LFS, nnd Z is followed by A on tho DS2 
sequence. (Tho re11der should refer to tho sliding strips with C\V2r set at H in poeiLion 1.) 

Now rcr�r Lo tho Rocond Iotter of tho convtl'l!ion text. lL is F, nnd thoro 11ro five or th�m 
in rolumn 2 or tho first block. .Whnto�or o. tbo Iotter F roprosonts, it iA tho snmo Cor nil live 
occurronCt'l!. Suppose for " moment thllt B�E. IC tho letter C which (olloW'II F on tho bnkolite 
seprm1tor wero the 705lh Iotter of tho converted text, its piiLin-LOllt equivalent would bo K, 
bccnuso K follo"'s E on tho LFS. Dut one cnn any ovon moro. Sinco tho conversion hM 
product'd mononlphnbot.s in t be columns or ench block, nny G, in tho third cohw1n or tho 
sccond block would hnvo tho enme valuo ns n C, in posit.ion 705. Thoro &ro two G'R in thia third 
column; if tho n!!Burnption O=E is correct, thon both of thcso loLterR must rt'prOBont K. Such a 
result is not vory likely as wo would not expect K, to occur two times in but 25 lotlorR, honco 
tho oRSnmption e-E is not n good ono. lC 6=T., then c-u., which is ngnin unlikely. Thus, 
wo oxnmino all tho po!!Bibilitios and pick out thoso M most likely: 

F=O, 

c-r. 
F=A. F-=N0 

G=M, c-s. 
Foouftll: IV 

r-s, 
c-E. 

Er1ou�;h hM beon indicated Lo show tho pro�tluro. Wore tho mossngn long enough, �ay 
nbout GOO words, tht'n lhrro "·ould bo &�nilllhlo nt le&St lour blocks of 1170311 cycles for com· 
pnrison nnd chock on nssumcd vnluos &nd there is bnrdly nny doubt but tb&t such 1\ m088ngo 
could bo solved within a ren.'IOilablo length or Limo. Ono could tabulate the froquoncics of A, 
in tho first alphllbct of block J ;  tho frequ�ncios o( 8, in tho IICCOnd alphabet of block 11; tho 
froquoncios of C, in tho third nlphnbot of block I l l ;  nnd so on. Suppose A, roprosonts E.; thon 
B., C, . . . would roprCS<!nt K.. 0, . . . in sequence. Tho weight MSignod to a p&rticular 
&rrnngomrnt is given by tho product of tho frequency of earh cipher lctto.r and its corresponding 
plain-text lt'tter. If A, is IISSUmod to rcpr��eut T0, then n different sot o( plnin-text )ottom and 
coMoqu�ntly a now lotru lroqucncy would bo obtained. Tho correct rosult will be thooroticaUy 
doterminccl M thnt ono which yields tho grrntoat weight. Lotter& ohtninod on lloi.s bMis can 
tbon bo inserted in tho mcssogo. llcro, howovor, wo havo only two such blocks; sufficient mnLo­
rinl ia not nt hand Lo permit of solution within 1\ ronsonnblo longtl• or limn. Bowovcr, it must 
bo atntod tiOBt nn onrncst nttcmpt WM mnuo to aolvo this cryptogram on tho bnsis o( tho obaorv­
ablo repetitions nod tho 1170311 phonowcnOI\ hnt without auccc81l. It ROCmod nocosso.ry to 
elaborate better methods of nttnck if tho probldm woro to bo solvod nt 11U. 

17. R6sume.-Lot us sot down tho difficulties in their brond ouUiuos. Fimt, thoro 11re 
those connM>Lcd ,.,;tb tho dotoroninat.ion ns to whotlol'r n given cryptogr&m is in 1\ "V" motion. 
We s&w thnt long mcssngell &ro nOCC!!So.ry for this dotonoinnLion nnd thnt tho proct'� m11y in volvo 
1\ mnxin1urn or 312 dirtcrent trinla, each quito lengthy. Noxt thoro como tho cliiiicultios of 
determining just where the "050 11 brenk occurR in a moss&go that hM boon fotmd to bo in a "V 11 
motion. Then tbore como tho diiiicullios involvt'd in nttompts to solve 11 polyalphsbot.ie sub­
stitution cipher or 26 nonrelat.od, rnDdom-mixed nlphnbets, or, ��� most, of two rolatod sots of 
such &lphnbots. 

· 

Lot us eco if wo cl\n olimio&te some of tho difficulties of tho first sort and facilitate t}te di&-
covery Of 11 V 11 WOSIIILgM. • • • • • 
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Con1lderatlon of " I "  mfMA8C. ... 
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18. 11V11 measa11e• with ltnown plain text-Suppose wo make tho problem moro eMy by 
atuclying cortllin phonomon11 in 11 known "V 11 mossago with known plain text. Lot tho 010� 
sngo indicBtor (enciphered) be WCOOU. 

1P 
10 
2P 
20 
8P 
ac 
41' 

4C 

I I I t I I 1 I I �  11 11 II 1t ll• lf ll U It � 11 D D M U � 

0 F F I C E R C 0 N S I 0 E R E 0 F A I R L Y R E L 

C F R Y H C U Y G K I E N Z U N W W I B L I M R J Y  

I A B L E A T T A C H E 0 T 0 Y 0 U N G M A R S H A 
T P C  N I Y V. S X X Q 0 0 H 0 L M I F  Y V B  N Y  G L 

L S H E A 0 Q U A R T E R S S T A T E S T H A T N A 

S M V S G B E 0 0 H 0 Y C A R 0 0 Y V A H X A T H K 

N C H U R I A N F 0 R C E S A R E B E I N C M 0 V E 

B U C 0 J Q B H N N S Q L Z C Y Q 0 C I N C X K K Z 

Fwuaa 20 

Lot us now atudy corlnin pl&in-d!ibor rl'lntionshipe, in connection with our eliding &lpha­

bots. ConHidcr H, in line 3P, column 3 &nd H, in lino 4P, column 3; the plnio-text lettera are 

tho &limo, the ciphor oquivalonts, difTeront. This difToronce in cipher equivalents for two 

similnr lottors in tho anmo column is occMionod aololy' by tho displr�con1ent of the cipher 

wboel in position 1 ,  tor the cipher wheels in poait.ions 2 Lo 6 &ro in oxactly tbo s11me sctting 

iri the two c1\8011 (ainco we aro dealing with a known 11V" mea8age). The etuDe is the t'f\80 

with the following pairs in the enmo liues: 

S, (line 3P, column H)=A. 
S, (lino 4P, column 14)=Z. 

E. (line 3P, column 19)-V, 

E. (line 4P, column 19)-C, 

Fooou 21 

1 We -ume the "G50" break not to occur lo the lint four llneo or the m..,.., .. 
(23) 

0 .J.. L� 
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Tho que�tion nri�cs: Cnn l\'O lind by c�perimont with tho vr�rious ciphor whMis (or their equivalent slicling Rtrips) which wheel will produco tho cipher oquiv11lent3 indicl\l�d abovo, under tho conditions noted l11ero? Consider tho cMo of tho two plain-lollt lott.ors H in lines 3P nod 4f'. Tho current corresponding to H. in both c1111011 nnlorod tho ciph�r wheols from tho twonty-third contact of tho RFS; its pnth l11rough tho cipher whools in positions 6, 4, 3, nnd 2 is unknown, but whntovor it is, it loft tho cipher wbcol in position 2 at exnclly tho snmo contnct in both CMOS, An that tho contact on llS2 fro11 1  which tho current enlorocl tho ciphor whcol in position 1 is tbo snrno In both cnsos. Now considor what l111ppons 11L tho LFS 11nd tho cipher wheol in position 1 (Cor both e&.'ICs). Tho only roMon tho ciphor oquinlont Cor tho finlt H ia different from thllt for tho Rocond H is tlu1t tho cipher wheel in JlO!'Iillon 1 hilS advanced one interval, ond tho current en loring it from 1352 in the fU'IL instance emerges from tho cipher wheel at V on tho LFS, in tho second insto.nco, s L C. 

Wo may tnko ono of tho slidiQg alphnbol3, any CWI, and placo it in position I, betwoon the LFS nod DS2; wo may arbitrnrily aot CWid nt A. Wo then localo V on tho l.FS 11nd tr11co tho pnth of th� curront from V, through NALJ-MALI, .to 11 contact on DS2, making note of tho lntlor. Wo then ndvanco CWI one inle.rvnl nod ropent tho operation, b�ginnihg with C on tho l.FS. If tho contnct to which the second tracing loads (on DS2} is cliJTo.ront from that to which it led in tho fll"8t tracing, thon obviously CW I d cnnnot bo tho corroct wheel for poai-' lion 1 if tho setting must bo A. If CWid is correct it is not fit tho correct eotting, nod wo must try anoth�r setting. If, howovor, tho two pnths lead to tho snmo conlnct on DS2, tbon wo hnvo sn indication that CWI m"!l be tho correct l\'hcol for position I .  We sAy "mav be" because, unlel!l! wo cAn get 110010 further corrohorntion, thi� coin�idonco of exit, from CWJ for both COS<'s moy simply bo accidental and not csusnl. Therefore, wo should try &nother ca�o whrro the ciphrr lctlors aro different Cor iclentiul plnin-t.oxt Jett.ors in tlco somo two linM, but in another column, o.g., s. in column 14, yici(Jing A, in tho first enciphcrmcnt, Z, in tho second. Wo rrplnro NALI-MALI in ita A solting ngninst LFS 11nd DS2 nnd trnco tho pAth of tho current from A, on LFS to DS2; slido tho alphnbot ono inlorVIII forw11nf, snd tr11co tho pnth from Z, on l.FS to DS2. H ngnin the current l�nrls to the anmo contact for hoth onciphor­menta, 11 corroboration is obtnincd for CWI nt tho setting 11nd position indicr�tod ; if not, t.hon wo consider tho firaL coincidooce to bo purely nccidonlnl, and proceed with furthor tost, of the snmo kind. · ' 
These tests would require much time if carried out exactly na indicat.od abovo, bu� we mny .-ery mat�rinlly �horlon the work by constructing cortnin synoptic t.&blee which will, by inapoc­tion, ,· iold pOSl'ibilitics for correct cipher wheels and nt lho snmo time givo tho ouct 110tting. 111. Firat-intenal data, cipher-text relatlonshlpa.-Conaidor CWld sot at A in position 1, and suppose tho plAin-led lott.or boiog enciphorocl is E. 

I .. LFS _ _ _ _ _ _ _ _ _ _  T E 0 D H s X u p Q T v It A II 8 K R J L z I 11 · o c 
M ALI _ _ _ _ _ _ _ _  F 8 Q II p L H R c H z E II A s 0 T J b v K D I T X u 

6 c 
NALI _ _ _ _ _ _ _ _  A 8 c D E r a H I J K L li t H p Q R s T u v II .X T z 
081 _ _ _ _ _ _ _ _ _ _  1 2 3 4 5 6 7 8 9 10 11 12 13 14 1� 16 17 18 19 20 21 22 23 24 26 '26 I 

'- It lnter:vtnlns whed•l 

l RFS _ _ _ _ _ _ _ _ _  y L v R z X c p 'F 0 I Q A II J 8 H s It D a H T u II 
I F1ooa• 22 . . .  , ,  . . 

l 
1 � 
J 
I l . .  

i 
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Tho otlrront loAvM E o n  tho HFS n11cl pnBSrs throu�h tho wheels in position" 2, 3, 4 ,  6. The e:<nct 

j1nth ie not kuown; it doperuls on tho identity 11nd rolntivo position of tho intrrvl'ning whr�ls. 

Suppo!!O tho p�Lh trncod ltllds to position 16 ou DS1 oppo�ilo 0 on NALJ. . Then tho resulting 

ripbor letter-is F. After 26 lottors bavo been ehcipherod, tho wheels will be in the following 

j1oAilion:' 
t < .  

J,FB---.--:-- '!, E a D H 

MAl•'- -"--l U , F  B Q II 

NAL'------ i A ti c D 

DS'-------- 1 2 3 4 5 

S X ,  t P Q Y V II A II 8 K R F J L Z I 11 0 C 

p L L R c It z E 11 A s 0 T J 0 v It D I T X 

E F a 
6 7 8 

I 
It I J K L II H 0 P Q R 5 T U V 11 X T 

9 10 11 12 13 14 1� �6 17 18 19 20 21 22 23 24 25 26 . 1 ' 
14 lnlorvenlns wu.,.,lol 

RFS·-•··--- T L V R Z X C P .F 0 I Q A II J B H S k r. D a It T U 11 . t 
FtOUU 23 

H in t.hie position E is ngnin cnciphorcd, tho pnth trncccl by tho current will 11gnin lend to position 

IIi on DSI, becnueo tho four int.orvcning wheols nro in tho snmo position ns lloforo. Sinco now, 

position IIi on DSl is oppo�ito N on NALl, tho rcslllling cipher Iotter is U. 

These results indicnlo thnt for C\VId sot 1\l A, the cipher digrnph F'U corr�ponds to 11 plain­
text ropelition at an inlorvnl of 26 )otters or int�nal 1 down & column. Wo obt11ined tbia 

digmph b:r·conaidoring tho lottor E 11nd usuming thl\1 the identity and settings of tho int.orven­
ing wheols wore such as 1.o c11rry tho current to position IIi on llSJ. For 11 diiTerent arungcmrnt 
of tho intorvoning wheels somo othor pl&in-toxt lottor would hnvo lt>tl to position 15 11nd the 
snmo ciphor digr11ph woulrl huo rcsult.ocJ. Conse{lllently, tho iclontity of tho plnin-text rrpoti­
tion ia not an el!Benlial elcmont. For CW ld at A, any plr�io-lext ropotition which leads to 
position IIi on DSI will corrC��pond to tl1o cipher digrnph F'U. 

Had we assumed a position on DSI othor than 16, a dilloront ciphor digmph would have 
roault.od, o.g.: 

TULII v 

r..tu .. DJarap� Paolll.., Ul1nph P ... llao � I AY 10 R11 Ill liP 
2 Di I ll I..F 20 KB 
a PO 12 sz 21 CR 
• ZQ 18 ox 22 JT 
6 VI It XII 23 HL 
6 111 16 ru 24 OA 
7 BE 1 6  HJ 26 IIC 
8 QK 17 GS 26 TO 
II IY 18 UD 

For CW1d at A, H1MO 20 cligrnpha roprceont tho only combinations which cnn correspond 
to plain-t.oxt ropotitions At interval 1. .Any digrnph, not cont.&inod in the above sot, cannot 
corrospontl to & pl&in-t.ext ropetition. 

'l'hie procoduro can bo e��rried out in del11il for ovory wheel and ovory aotting, yielding 2G 
cligrnphs for onch Cl\90. 'l'ho roaults cnn bo sot up in & ol'rioe of tBblcs {ono for en�.b whrol) which 
give the corroct digrnphs for Mch setting. H must bo ollaorvod that lhMo rcs•tl13 will hold for 

:- ;.... 0l. 5 

l I 
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interval I only. It is pos,iblo in tho 81\mo wny to con8Lruct lnb]Ps to corrcspond to nny roquirod 
intort>nl. On tho other hnnd, it is poRSiblo to obtnin infnrmntion nbout nny dCBired interval 
from tnbles Cor intorvol I. To illuRtmto, wo know thllt F1J Cor CWid nt A is n corrflet poesibility. 
Tho correct di�;rnph bl'ginning with U for CWld nt Z is US. Consoqucntly, FS is " corroct 
iligrnph for intcrvnl 2 for C\Vld at A. In tho snmo wny, ainco SP is n J'OAAiiJility for intl'n·Bi l 
when CWld is art nt Y, FP is a correct digrnph for intrrval 3 with CWid &l A. 'nto extension 
to an.Y interval follows nlong tho snmo linC8. Ono must bo cnrcful in wurkiug with a roverse 
wheel to reml'mber thnt tho whct'l RoLlings progress in tho nomtal order nnd not in tlto ro\"o.rse 
order ns for rlirect wlteels. These lnhl011 nro given in Appondix H, bnRic ciph<'r-toxt 8oquoncoa. 

Our chief intPri'Rt in tlorso tniJII'R is to bo oiJin to JliUIII from 1\ known digrnph to n Bot of Jl0118i· 
hlo 'll"hel'ls nn•l srttin�:��. To get this infom1ntinn, tltP tnhlrs just drBCribcd must bo rcnrrnngod 
in tho following wny: lnstcnd of listing tho digrnphR corri'Rponding to wheels ru11l their ROLlin�, 
'11"0 Jjst R<'parntrly cnclt digrnt•h nnd tho positions for which it i8 n JIORRibility. This hns boon 
dono for inl<'n·nl I in Appendix l l l  entitled "limt.-intnrvnl dntn, ciploor-toxL rclntionship8." 

20. ApplieaUcn or llrat-lntcrul data 1!> a known ' 'V" message.-Lot U8 now prococd to make 
uso of th ese lnh)CB to try to lind wloich cipher ,.·heel ia tho ono involved in IJto test mCB&Rge 
employed oa nr1 illustrntivo cxnmplo on pogo 23. 

'l'nko tho limt pnir of oquivnlcnts: 

H, ( locus 3P-3) = V,, Case 1 H, lJocus 4.P-J) ... c, 

Foouu 24 

Refer now to Appendix III, tnblo V, line C; thoro nre found tho following cipher wltocls and posi­
tions indicntcd Cor tho digrnph VC: 

....... htlloc WbMJ S.tttac 

ld K, L, Z 6d p 
Sol v lr R 
4d H 2r r 
6d A, B, P 3r G 

'----
Foouu 26 

Tnko aoothcr pnir in tho snme lines of tho messngo: 

s, (locus 3P-14.)=A• Icoao 2 S, (locus 4P-14)=Z, 

FIOOftE 26 

... _ llo<Unc 

4r I 
6r .. . 
Clr K 

Agnin rdcrring to Appcndi...: III, tnblo A, lioo Z, thpro aro found tiro following ciphor whocls 
11nd positions iudicntcd: 

...... , &MUac ....... !dUn I .. ... , a..u.o 

td z 6d C, D, Q 2r r 
2d u 6d 0, 0 6r u 
3d c, s lr X Clr H, J 
4d z 

Fooon 27 
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'l'ho only in•licntion� cnmmnn w cnsos I ntul 2 nro CWt.l, srt nt Z nrul UW2r, .nt nt F for 

line 3P. This m�nns Lhnt if C\Vld, sot nt Z is currcct for lin� 3P, thou for tho lino IP, CWI 

must hovo been sot Ill B; if, on tho otl1er hand, CW2r, sot nt F for line 3P i� corrcrt, thrn 

for tho lil'llt lino CW2 must hr\Vo boon sot nt D. Let us seck corrohorntion for ono ur tho other 

of th011o two pn!lllilJiliLics: 
D, (locus I P-13)�N l D, (locus 21'-13)-D: Caao 3 

}'ooofta 28 

Uofor to At•pondi� J l l  nntl wo lind corrobornlion, for on lnlJle N, lino D, CW2r nt 0 iA indicntcd 
u a tiOflllilJility, whorens CWI•I IIIIL nt B iR not ftll irulicBlrd. 

!?or lin011 2P 11nd 3P, wo should lind CW2r Rot nt E indicntnd Cor tho followirr�: psino: 

A, (locus 2 1'-ll)�X,l Case " 
A, (locus 31'-9).,.0, 

B. (Joens 21'-12)=0,1 Cnae 6 E. (locus 31'-12)=Y, 
A, (locuq 2P-211)-L,J Cnso 6 
A, (locus 3P-2G)-K, 

}'ooou 29 

Referring to Appendix Ill, it is found thnt CW2rsot &t E is indiclllcd for tho limt two of tho 
throb cnsM, but Cor tho third clliJo, CW2r ACt At F, not E, io inclir.nt.NI. Tl oio iR not n rnntrndi�tion, 
ns will bo oxplnincd Inter (p. 37), but it indicntos thnt tho "26" brenk in tho lin�s occurs 
oilhcr nt or before column 26. At 11ny nto, thoro is now no question but th11t we have located 
tho cipher 1Vheel in position I, together with it.s initial Mtlinp:. 

All tho foregoing woa, ho"I<"O\'Cr, predicated upon known Cncts: Jo'imt Lito mrMngo wM known 
to ho 1\ "V" m086age, nnd secondly, the plain toxt wns nnilnblo, so thnt identical lott.era in  
columns were known. 'Whnt if  these two facta wc.ro not known? 

ln order to 11111\Wor tho IJUI.'!Itions proposed, 11 slight digr�ion must bo tttnd�. 
21. BtaUatlcal study of "V" mossages.-Considor 1 11 l11rgo &mount o! pl11in tt�:<t to be at 

hllttil. It is dcsirocl to dotermine tho probniJility Lhnt two lcttom choson nt rnndom from i t  
shnll bo tho snmo. Tho prohlo.bility tlt&t ono o f  tho lottora i s  an E i o  tho normal frequency of E. 
Tho probability Lhnt both nro E'a is tho BQ\IIIro of tho nomtnl Croquonry o! E. Simil11rly, the 
chnnco UtiiL both 11re A's is givon by tho AI(U&ro of tho normlll Croqunncy of A. Tho sum of 
those two numbol"ll give� tho chnnco th11t tho two letters aro oithor both E or both A. The 

prob11bility th11t both lotlt'l'll nro tho 8nrno, rrg11rdloss of whnt pnrliculnr plnin-toxt lott�r thry 
1111\Y hnppon to bo, is tho RUm of the probnbilitics for oncb pnir of idt�ntirnl lott�rs lllltl hence tho 
IIUIII of tho BQliArOS of tho IIOrlllBI Croctuoncics or ..II tho lottora in tho alphabet The calcullltion 
on pngo 27 of !'art I �hows this rceult to bo 0.066. 

II, in•Lentl of J•lnin text, ouo w(!re given n mononlplonbotio •uu•titution, tho rrlll!oning 
would still bo the enmo. For the pnrt.iculnr idcnt.ity of tho repetition wns of no conscotuenco 
in tho roMoning. Moreover, two liko cipher lottel'll co�pond to two liko plnin-tcxt totters. 
llonco, t.ltn proiJability lor a ropotition of two cipher lottcra in a monoalpbo.botic substitution 
cipltor is O.OG6. 

i The reader Ia advleod to revlo" the mathematical an&lfola contained In the dlacuMion In Part 1 (pp. 26-31) 

O.J.. 6 
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SuppOl!o now thnt n polynlphnhotic m0511ngo is being atudiotl. If tho nurnbor of 11lphnbola 
is known, it is pos.•iblo Lo rowrilo tho lllll$ngo so M to brrnk it up into its constituont mono­
alphnbcl!l. H now tho nurnhcr of coincidcncO!! is tsbulllltd in ench monoalphnbot, tho situation 
is a till the at\IM. Tho tnt11l number of coincidonce3 for all tho nlph11bats ehould at.ill COITellpond 
to a probability of O.OGO. 

Whnt hnppens iC tho n umbor of alphahots is not known nn<l tho mtl!!Sngo is incoiTOClly 
1\'Ti�Lcn out7 What kimJ or rMoult will be obtninrd /rorn n tnbullll.ion or tho lul11l number o( 
coinciclcnc� in aurh a ca�e7 To answer this question complelrly, it will bo llllllumcd th11t tho 
m�ngo undrr considcrntion is homogeneous, i.e., tbnt cnch ciphor lottor hM prnctically tho 
same probability of appcnrnnco lUI ovory othor ono. Such an oseumpl.ion is not t. vory great 
restriction sinco any f11irly good cipher satisliO!! it. Evon a polyalph11balio mtl88ago with u 
few 89 six al phnbots hu a vory flat frtqucncy tnhlo. In auch a Cntlo thon, two liko ciphor letters 
i n  n column rrmy represent nny plnin-toxt Jottors whntovor. Solcct n particulnr cipher Iotter 
in 11 column, sny e.. Tho clumccs that any other letter in that column is e. nro tho eamo for 
every cipher letter, i.e., 1/20=0.038. This number is eo much lose dum 0.000 th&t it ahould 
therefore bo n simple mnttor stntiatically to determine tho proper nurnbor or nlpbnbots in a 
polynlphnbelio mc�sngo; for no incorrect nssumpt.ion will yield only threo-liflhe OR mnny 
coincidences as n correct ono. Tho dilforonco bot ween tho numbers 0.038 nod 0.000 is eignilicnnt 

· enough to show up nry plninly.' 
22. R6auma.-summarizing what has been enid up to this point in connection with "V" 

motions, it nppears thnt ovory "V" cipher rnessngo cnn bo determined provided only that it 
bo nt least 125 or 150 lettel'8 long.' In determining a rnesengo to bo "V", tho identity and po��ition 
o{ I be fi1'11t wheel nro obtained ns incidontnl items of infonnntion. Moroovor, iC the m088nge is 
of sufficient l•n�tth, tho "050" brenk may be determined by tho •Rmo 1\nnlyticlll �t. for that 
break defines tho beginning of a now sot of alphabets. Tho letters nbova tho brenk will not yield 
tho proper percent ago or coincidonros with tho lottora below it and if tho rnoesRgo is long enough 
this property permit.� tho brenk to bo delinitoly loCAted. Thin addition11l information givee 
tho inilinl ectting or tho scoond control wheel and tho initial setting or tho second whool. How­
over, it docs not determine tho identity of tho eccond wheel oxcop t  in very spacial Cl\808. (For 
in,tnnco, it might hnppen thnt tho first wheel in a particular mO!!sngo has boon dotorminod to be 
CW2d set at I. H lho ROCond wheel is found to begin at any Iotter botwoon A and H, it must 
bo OWl, becl\uso in tbe numerical key that Iotter would havo to correspond to 1 .  Such CRBOS 
aro bo"·evcr nry unusual.) 

Tho actuo.l npplication o( tho �t for "V" measogcs can now be explained by using a moeaage 
whoso motion nod plnin text are unknown. 

23. Application o! statlsllcal method to an unknown message (Serial No. 169).-To begin 
wilh, tho mrssogo wns written out in lines or 20 lettet8j only 12 lino., were actually used in the 
test, intL•much ns it wu felt that this amount or text wM quito euffioicnt. 'l'wclvo linN� of text 
afford I I  X20-280 pair of letters (at interval ! )  that mny be employed Lo find tho cipher wheel­
if o " V "  motion is involved. According Lo theory, wd should lind 280X0.000 .. 18.88, or �tpproxi­
mlltcly 10, coincidences; hence, wo ehould find ono wheel in one poaiLiou (all indications boing 

1 Tho advantaso of ouch a method of dcW,rmlnlns tho number of alphabell ln•olvcd In a polyalphabeUo \...__ meu:ago OYer the commontr URcd one bucd upon rcpeliUona IJII thaL " much ,.m,.11er amount or ted le nceeMtlry 
to obtllln unqueotlonoble rcoulto. H lo po .. lble In thlo way to dclcrmlno tho number of alphabet• with only 
6 or 6 !ellen in .. ch alphobet, provided lhe number of alphal..,lll It fairly larA•· An llluotratloo of llolt ahd 
olber appllcatlono "Ill be found In 8. Kullbaelt, .Stgl illitgl Mt1Aod1 ;,. Cr�plonol�li•, Technical Publlcalioo, 
Slsnal lnW,IIIgrnec Sccllon, 1934. 

' The total number of poeolble eolncldencea wUJ be about 26X'C,-260; h•rae enoush to 1l•e falrly rellab .. 
reaulll. 
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29 
roclncod to yiolcl tho initinl snLlin�tl inclicatocl 11hnut 10 tinoa. lncorroot whools should yield 
2110 X 0.038= 10.8, or approxiountcly 11 indic,.tions. 

Serial No. 169 

INDICA TO�: 0003 EI-DIBE Dc.:.M=S..:::
Cl..:::

l ---

I 
2 

I ! 
6 

I 0 

7 

8 

g 
10 

I I  

12 

I t  J 4 I I 1 I t  JO ti J2 U Hi U II IJ 1J it :IO ta t2 D 1t U )I  

F M E I W I G C V C If G F Q C D V G G L N X V S V P 
B W 0 T C M K F J C E S P 0 C H P F 0 L V M 0 J V A 
U Y R P P S Y I H I E Q 0 N If I M V P B G N J G Z W 
A N C I E K L C B V G V T G D B R K F Y B Y Q X K Z 
C X Z V D 0 P M L U B L D Q X I D W T E H Z M F D U 
N G S G J L N C Z R M L M X Q I S U I X M A T R K D  
D C W L Z 0 T II R G Z P E Y K Y R X R S J P Z II H Q 
Z lf G E I L A Y V V E O Z V Q P U F E E U S S � A R  
Z W L G B X N S G B E Y L E A R U C M Y J P X V R V 
II T X N T Q S X II T Z H M T H V Y V A E Z V Z Q S G 
U M A H B A B If If 0 M Q U D U N I Y B S F X D W F P 
B V E D Y Y M O L Z Z J S Y N U G T K R K X W S C C  

FJODU 30 

A digrnpltio tRblo Wl\8 constructed of tho pRirs in 11lljnccnt linrs; Lbus, for tho first and 
second linos, FD, Mlf, EO, �to., for th� eccond snol third Jines, DU, WY, OR, ote. 

Referring then to Appendix Ill, the indications for FB, MW, EO, otc., w�re distributed in 
tho following man nor: 

A B 0 D E 
----· - -

CWid 2 2 2 

CWir I 2 1 

CW2d l a l 1 I 

CW2r I I 2 I 

CW3d 2 3 I I 3 

CW3r 2 I 2 I 

CW4cl l I -
CW4r I 2 2 

CWfx.l 1 � 
CW6r 2 3 I I 

CWGc.l 2 I I 

CWGr I I 3 
-

HMt-:11'--1 

T nu VI.-Table for lAo inlmool btlwt• linu I and I 

8etlln1 

�� B I 

�� 
M N 0 p Q ll a I T  

- ,_ 
3 I I I 2 2 l I 

2 I 2 I I 2 2 1 2 a 1 2 

I 2 1'2 2 I I 

I 2 1 I 2 3 2 I 2 '-
l j I I 2 1 1 I 3 I 3 

1 2 2 I I 1 I I 

I I 2 2 I I I 4 3 I I 

I 2 I I 1 I I 

3 I 1 I 2 I 2 I 2 I I -
I I I I I l a 

2 I I I 2 2 I I I 2 I I 

l 2 I 2 a I • 
I 1 

;I�'� I I 

I 8 I 

2 1 l 

� 2 

3 2 

I I 

I I 

2 

I 

I 3 

1 

X 

2 

3 

I 
-

I 

2 

I 

I 

I 

T z 

2 

2 I 

a 

2 

3 
---

I 2 

I 

I I 
2 

I 21 
I I 

OJ. 7 
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Tho indications for DU, WY, OR, oLe., woro Lhon distributed in tho anmo tablo, but the 

positions indicated w�ro reduced to iniLinl aoLLings. 
This proccsa wnn conLinuetl for nil tho othor pnira in tho digrnphio Lnblo, with this linn! roaulL: 

TABl.ll VI! 

...-- ScUins 

,._ 
A B c D 

· � 
B I 1 X L :M N 0 p Q R 8 T u v w X T z 

1- 1--- 1- 1- 1- 1-
CWicl 1 3  12 13 1 5  � !: � 7 13 10 8 10 l l  9 9 16 10 8 7 10 7 0 10 l l  l l  10 

� 1- 1- 1- '14 1-1-
C\\'lr 9 I I  9 7 18 6 12 0 8 10 12 l l  10 11 10 7 7 l l  10 8 12 12 1 6 1 0  

1- I- 1-
C\\'2cl I I  1 5 7 10 16 D 7 1 4  10 14 10 0 0 10 l l  8 6 8 18 0 11 8 13 6 17 8 

1-- - -1--- -1-· -i---- - - - --

C\\'2r 10 1 3 u 14 16 ID 7 IG 0 7 10 12 13 15 1 5  16 10 10 8 4 12 G l l  6 7 16 

---1- -I- - --1--1- - - -1--1- -r-
l.:W3d 18 13 I I  0 17 6 10 11 12 9 1 2  0 I I  g � I I  1 4  6 ,. 14 6 I I  7 13 l l  13 

--- -1-- --fg fg 1 -- fJ7 r-; - --

Cl\'3r 6 13 II 12 13 10 6 A 14 8 ll l l  I I  12 8 13 0 10 10 10 17 10 ---1-- - -I- -I--1- - - --- '8 --1--
CW4tl 7 13 I I  16 1 2  1 3  0 17 7 10 1 3  1 6 15 13 10 14 8 7 8 8 10 12 1 3  13 12 

1-- - -- -i-1-- -1- - - 1- -
CW4r 9 0 9 13 12 15 0 10 8 8 U I I  1 0  1 2  1 0  14 1 5  0 14 10 0 0 10 1 3  10 13 

1- -- ----I----1-- - -1-1-
CW5<1 10 17 10 10 II 15 10 l l  1 0  13 12 1 2  I I  0 12 10 14 0 13 7 16 20 10 l l  7 0 

1- - - -� -1- - - - -- 1--'13 I- 1-1---
CWGr 12 10 1•1 13 17 12 0 13 I I  14 6 7 13 IG 11 13 4 12 1 4  8 12 8 1 6 10 

-1- -1---fJz ---- - -� 1----- - - -- -

CWW 13 12 12 I I  I I  13 I I  I ll  6 12 8 10 12 10 10 l l  1 2  8 II 13 7 I I  17 8 

-1-1- 1- -- -I-1--1-
CW!Ir 8 0 9 0 10 11 7 10 1 4  12 I I  1 4  9 13 1 4  1 4  12 I I  0 12 7 12 12 13 7 16 

Noto now tho numbor ol indicnLions for CW!d nt F; it is 24 1\.9 ngninst nn BvorBgo ol 11.0 

for all othor nlphnhcts and po�itions. This moans thnt not only aro wo dealing with a "V" 

messngn, but  also tho theoretical expectancy, 10, Wl\.9 renlly lo\\·or than Lho actual, 24, and 

thnt thoro aro moro repetitions in columns Lhnn wn, nnticipBLcd. 

. As a check on tlLis result tho snmo procoss wn, cnrried out for inLorvnl 2, thBL ill, tho lotlol'!l 

ol line I tnkcn to form pnira with tho lottora in tho snmo columns ol line 3; thoso of lino 2 with 

those of line 4, etc. The toto! number of tBbulntions is 2GO, tho e.�poctcd number ol coin­

cidonct's, 17. Tho actuBI number (ound for tho eoLLing F, CWttl wl\.9 20. Tho pcrcontnge o( 

coincidences for 280+2G0=646 digraphs lor tho aotLing F, CW!d is thoroforo 8.1 percent instead 

o( tho theoroticnl G.G percent. 
This rt'Sult is really boLter than was anticipBted,. Thoro can hardly bo Bny doubt but 

that tho right whl'<'l and setting lmvo boon lound. In ltss·lorlunnto cn.oos, it may be noco.'\Sary 

• �  tnbulnt.e BOd sum tho datB for SO'I'OrBI intervals boforo n conclusive result cnn be obtnined. 

H should bo obsorvod horo Lhnt tho occurrence ol tho "GSO" bronk in a mossngo mny 

'-....uso some difficulty in tho actual t.o.�L. Any two lines "·hich have tho brenk botwoon thorn 

'll'ill not furnish correct inlormation. 1 lowever, for smoll intorvnls tho dcgroo or error introduced 

is prnctically ncgligiblo. For o:otntnplo, in using intcrvnl 1 only ono pnir of linoo at most will 

be incorrect, ,.]z, Lhoso with tho break botwoon them; lor intorvnl 2 only two pnirs, etc. In a 

mcssl\gc or at lca.•t eix lines, tho correct result will still be obtninBblo. 

Having found tho correct setting for t.ho cipher 'll'hool in pot!it.ion 1, it follows Lbnt tho 

Iotter D in mossogo indicator miSCH must oqunl F.; also F indicntoa that a whool is in tho 

direct position. 
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Whon mOSIIOgo &>rinJ No. 100 wns convortod ao M lo rowovo tho firat clphor wheel from 
�onsiderat.ion, tho following polyalpbabolic IDOII.'Ingo resulted: 

Fcoun• 31.-Rcrlnl No. 160 eonvorltd 

1 D Z T U C U R 0 Q 0 C R D P 0 G Q R R Y V H Q E 
2 Q A W G R C T 0 D L E T I N J R T Y J L R D V 0 R E 
3 V S U G I X X H G W N W R D M Q V W B Y X C T Q S T 
4 E V L C H A 0 R B H I M P M Q P K I D R T E I E V F 
G R U L � I A J D B S V X J V Q M Z G Q U F Y H I S E 
6 Q X Y Z C Z A O Y E N K J O J P I T C W T P J F S K  
7 D R W M K U C H A S E V C J B T I T E R E Z Y J C S  
8 S N G S I U R Z B L K K U 0 G K D Y P A U U P Q Q U 
0 B T W P R G H Y L D G II F E R F V A J C I E U Q Y S 

10 A S B R E K R Y S E B R P B N R B A W A C V P A P Y 
1 1  S X A R I U L I L 0 D F R E A V A H Q Z L 0 S B V D 
12 S W P W K L A A T E M R R B F A N I Q Z S 0 S C Y F 
13 X X B I C K C D W V R Z X R B G E Z V II I 0 F L B L 
14 V T E R M C K V L B P I G X H Q A L Q C I E P V Y F 
1 6  V X G W N H W C V N S Z F T Y A V Y Q S N 0 K G W R 
16 M 0 A S S G J E Y T G Z W T V Z J J S C E C L A Q Q 
1 7  B G M U Q G S Q N D X N C U N Z J S V C I E N Q V X 
18 S P II I V N L A E J M A U Y K Q B P D C N Z U U G Z 
10 J U J T T K S M S K S Z E T R A V T Y J K V C T N Y 
20 V U Q I N K V G 

A study of tho r�pol ilions in the rncssngo Bnd of t.ho mononlphnhot& down rRch column 
aoomcd to iodicBto tl1BL tho "050" brenk occurred botwocn lint'S G nnd 0. On using tho aoa­
lyticol Lest based on coinciclencrs, it turned out thnt. the brenk WR8 either on line 7 or 8 11nd 
conscquontly tho aecond Iotter of tho m!'&'lnge indicator must be either P or Q. The numbrr 
of coincidences oblBinrd when lines 7 nod 8 wero tested with tho preceding lines wore so ne�rly 
nliko 118 to yield no definite inforn1ation. llenco, in tho meMngo indic11tor DMSCII, M.=P or Q. 

Enough LIB! been shown, it is thought, to indicllLe tho procedure Lhot was followed with 
miknown civhor rncssogc.<� to determine whether or not they were "V" mcssnges ; when encoun­
lcrnd, tho vnluo o( tho first letter or tho mcs.,ngo indic11tor, 11nt.l whethor its plnin-Lext equiva­
lent mrnuL "direct" or " rcve"'cd " constituted irnport.anL collnLernl inform11lion. 

After. testing out tho mothou on eo�crol unknown cipher m�ng<'tl and finding it to bo 
efficflciouo, there nrornec.l to uo no point in spending further ti1ne with oimi.lnr riphcr mes•ngr� 
with unknown ploin Lcl!L. Arter nil, tho cipher mrs.,ngos with known p!fuu Lc�t would yirld 
idonLicnl rosuiLic in mucic �hortrr time, since idontitit'S of pl11in-lt':tt lrtters \\'Ne indicnlro in 
tho mrssn�toa thcrnsclvr� when transcribed in lines of 26 lottera. Cunsequcnlly, all tho plllin­
toxt mossngcs wcro etudiccl in connection with their ciphor vorsione in order to shorten the 
limo rcquircd for n complete &alution. Tho posscesion o( tho 65 "kno\\·n" cryptograms 
ndrnit tcdly facilit.alNl BOiution of tho 110 " unknown." Nevorlhcllltl8, tho aolution \\'liS not 
modo po118ible by, llnd wo1dd not in prnrtie� require posse68ion of, plnin-toxL Wct1811gca with their 

OJ. 8  
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cryptographic equi,·nlents. After eovoml days' work nlon�; the10o lines, mnny voluee nnd doter­
minntion� wero outnined from tho procedure. 

24. Consideration of "W"  messar;es.-Thr forrgoing mrlhod� 'ro ftpplirftblc to " V "  
motions. Ilm'' nbou t " II "  motion�? J n  n " W "  mot ion thn fil'llt wherl i A  rithrr atntionnry 
or rno,·rs contlnuou�ly; tho Rerontl whrrl moves l'vrry 21i. Tho proprr M�lllnptinn� rrgnrtling 
tho acUing of tho finoL wheel nml its motion togrther with a correct nS8umpLion na to tho second 
,.·heel mnkCll the problem cquivnlcnL lo the onn ju�L tli•cu�<.•c•l. Thi• prorNiuoo is a IJiL onoro 
ompliclllccl 8inco it involves trials on two wbcrl� nnd tho number o{ nrr08S&ry trials is thoro­

foro greatly increased but othrrwiso the two problrmA aro identical. Thoro is no reason why 
such mr��ng� rnnnot be picked out by tho nbovo procl'llurc. In tho present trst such n RiLun­
tion did not ori•o bccnuso it was found po!!Siblo to got Rufficient information from "V" motions 
and "Z" motions (to bo di�euRscd) to obtnin a cocn plrte solutiun ol tho problem. 

A pn rticulnr idea in this connection should bt' rrnphMizc-d. Suppose UonL in " given aeries 
of me�soges nil of tho " V "  mossngrs nre founcl boloro n ernrrh is brgun for "W" mrssngcs. 
In such n cn,r, tho number of trinl� mentioned nbovo iR con�itlernhly re<lur.ctl, Rinco in many 
or tho "'II " �����ages tho first letter wiU bo known. Any whcrl Msumrd in lho first position 
"1\;11 then bo rnlerctl in only ono possible setting nnd tho d�tcrrninntion of "W" messngcs will 
not bo of rnuch grentcr tliJliculLy thcon tho dcterminn tion of "V" mc�sngrR. 

Similo rly, n (tor all tho "'II " rnc.•Angcs lu\Vo been found, n senrch cnn bn mntlo for "X" 
ml'ssngrs by nMuming tho ftn1t tbreo wheels, two of which will in somo casos bo known. 

A gencrol •olutioo cnn be nrrived ot by such a procedure. 
25. Firat intenal data, plain-text relationships.-lt has nlrendy been romnrkod that tho 

mcs•nges most nmennblo to study oro tboso whoso motions nro either "V" or "Z", but 118 yot 
nothing has lJccn snid about tho latter. In such 1\ motion, il tho mcssngo is written out in ljncs 
ol 2G, nnd letters down n column ore considered, tho firth wheel is tho only ono which hns moved. 
Tltis property mny be put to uso in n manner similnr to lhnt employed for "V" mcssng()8. 

Suppose thnt tho wheel in position 5 is C\\'5d set nt A, no.J lhnt lho plnin-LcxL letter being 
enciphered is E. Tbo current posses from E on tho llFS to Y on MAL5 thence to Y on NALG. 

l 
RFS • • • • • •  Y L V R Z X C P F 0 I Q A M J B N S E K 0 G H T U W 

I 
MAL5 • •  - . J 0 R X Q E G I S C F N A U Z M II V Y L K D B T W P 

I 1 
NAL5 . . • • •  A B C D E F G H I J K L M N 0 P Q R S T U V Vf X Y Z 

l 
Foouu 32 

From this point on, it goes through tho rcmnining four wheel�. finnlly rmerging at some cipher 
Iotter 8,. Alter tho oncipberment of 2.G !otters, CWii hM moved to setting Z. 

. l 
RFS - ---- Y L V  R Z X C  P F 0 I q ' A  M J B N S E K D G II T U W 

. I 
�fAl� - --·  P J 0 R X Q E G I S  C F N A U  Z M H V Y L K D B  T W 

1------------------- ----------------. 
NALG - - - ·  Z A B C D E F G H I J K L M N 0 P Q R S T U V W X Y 

l 
Foouu 33 

If now the plnin-text letter bo Z, tho current pnsscs from Z on HFS to X on MALG thence to X on 
NAL5. Tho curren t is no'• nt tbo �nmo point on 1JS4 ns tho currrnt for tho preceding E. Sinco 
tho olher four wheels are in idcntica11y the so mo position M before tho pnth trnverscd tbrough 
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them by tho nurrent is tho s11rno in both ens� nnd tho snmo eiphor lettl'r "�II rronlt. It thnA 
follows thnt for C\Viid Rot nt A, tho eequonco EZ of plllin-tc.>xt letters at n tliol11.ncr ol 2G will 
yiohl 1\ cipher rc1octition. Similnrly tho Bl'<ln�nre AB will yirhl n r.i1ohcr rrprt ition. C"onlinuin� 
in this w11y, it lorromM po,.,•ibln to snt up 2tl tli�rnph� wloido r�prc-•rnt nil tho po�•iJ.ilitiro nf 
plnin-tcxt Jmirs which elulll yiold liko cipher lottcrn when CWGJ is in tho filth posititou ftt A. 
Thoeo digraphs are: 

TAOLfl V I I I  

AB HM NP UE 
BD IC OT vx 
CQ JK PS 'liV 
DL KG QN XH 
EZ LA RW YF 
FR MU SJ zy 
GI TO 

lt io to ho ohMrvml that it mnkr� no dirTc•ronco juot whnt tho cipher lc-ttrr io. Thnt will drprnd 
on thn fin�t lour whonle. Tho c"•ontinl nlrmcnL is tho fnct thnt tho riphor l�lter rcprnts. Any 
digrftph not contnined in tho nbovu 20 cannot yield " cipher ropotilion for CW6tl set at A. 

. Lot this procrcluro bo enrricd out for over.v wheel in every eotting. A At'ric.>s of t nblrs will 
then ho obtained which will give lloo 2G digrnphs corrceponrung to cipher reprtitions for any 
p1Hticu(nr whee-( in any given selling. Jt is, Of COUI'tl01 unden!tond tlont tJll,� information .rill 
nppl.r only to inl ervnl 1 ,  i.e., to leltt'l"'l which oro 20 npnrt in tho plnin text. 

For intorvnls othnr thnn I ,  1\ similar procrdnrc cnn bo follo11•cd which will j!'ivr thr �amo ly1•o 
of information. TIIU�, one can construct tnbl!'8 which will givo the correct cligrnphs for inlcn·sl 2 
or intervnl 3. It is, howovor, po!ISiblo to .Jerivo nil of U1eso !urthor tnhl!'8 from the tnhlcs for 
intervnl I. For if P,P, is n possibility Cor CWl d nt Y ond P,P, is " po!<�<ilJility lor CWid at X, 
both being eon�i<lered for interval J ,  then P1P1 is a �ibility for GWlrl 1\L Y for interul 2. 
Sionilftrly il P,P, is a poRSibility lor CWlr lit A and P,P, for CWlr nt B, both for intcr,·al J , then 
P,P1 iB n pos.•ihility lor intcrvnl 2 on CW l r nt A. 

It is po�iblo in llois wny to combino digrnphs for dirTrrcnt intrrvnls nnd got d�ired inlormn­
tion nbout !lilY int.cn•11l ,.·hotovrr. All of this informatiun r11n lor ronnnirnlly comhinctl into 
ono Rot of lnhl()8 (ono for onch wheel) which hnvo been d!'fli�nntcd "llnsio J'lnin-Tnxt Sequcnc�" 
(Ap prndix IV). To nxplnin jnst how thcso tables nre used, rolernnco is mnde to the square for 
CWltl. Tho lottrl'll •lown tho outside of tho hqx rcpn'Sent tho KCllin!C� or tho whrrl. H, for 
CWirl, digr�phs nrc dCllirrcl for intervnl l nt setting A, the lil'llt lrtl�r is rrnd from li no A, nnd tho 
eccoml is found by rondin� dingoually to tho ri�ht., thus YT, HX, ZY, t'lo. For intrn·nl 2 nt 
sett ing A, tho lirt1t lrttcr is agnin found on lino A, tho second is ono rerno\'ro 11lon!! thr dingonal, 
o.g., YC, HL, etc. Jn ovory coso, tho firRt letter i� found on tho lino corrl'tlpondin�t to the dcsirrd 
setting nnd tho second Jnttrr is nbtainl'd loy roading dingonnlly downwnrrl nnd t o  tho right. Tho 
distnnco bot worn thn fil'llt nnd srcond loLI.cl"'l of tho digrnph is !Lon intrrvnl undcr ronsidornlion. 

Suppose �loo tnblrs for iutcrvnl l 1\fO inverted, i.o., eupposl' thnt lb� doll\ nhovo obtninecl is 
nrrangcd with respect to tho digrnphs nnd not with rcepcet to tho wh�rlo nnd their scttiugs. 
This will bo !ounll in Appendix V, "Fil'llt-lntenal Dntn, Plairi-T�xt Hrlatiooships". Then the 
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3i 
tnhlcs wiU givo informntion of a difTrrcnt chnrnctrr. Thu�, undrr the Iotter B, it is fou11d that 
tho digraph BJ will yield a cipher repetition for cnch of tho following scttinga: 

d I r 

1Y 1D 
2M 2T 
3F 3Z 
40 5T 
4R 5V 
4Y 

F•ounr. 34 

Tho wagraph BN will yield a cipher rcpntition only for CW4r ot 0; there is no other poMihility. 
Similarly, any pnrticular digraph is llll�ocintcd with a dlllinito snt of possibilitir� for tho whools 
and t.hl'ir srttin[!s. H is intcrc�ting to nolo that tho whrrls aro so constructed that no plain­
text doublet cnn e\'cr yield n ciphrr doublet for intrn·nl 1. 

26. Application or plain-text relationships to messages with known ph.ln toxt.-Tho 
applicntion of tho abo'l'e information to tho discovery of "Z" mossogos whon tho plain text ia 
known is 'l'cry simple. Considrr Sorinl No. 155. 

\__ 

\ 2 I 4 I I 1 I I 10 1l 12 II 1f II JO 17 18 10 20 21 22 23 74 25 18 .; -
1 \J A P A N E S E A N O C H I N E S E � T I L L H O L . 

K C M T Z V U F E  L Y T 0 Q R R T N  U X C  S 0 F N E .  

\0 I N  G L I N E S  E X T  E N  0 I N  G F R 0 M A B 0 u ·  
2 S W H X 0 V W I W G P H Z 0 B R A H X C B Y F K E H 

IT E I G H T K I L 0 M E T E R S W E S T 0 F N A Z I 
3 D C B E W R B W O T E W W T Q U U H C S T E P U W S , 

4 
\A N G N 0 R T H T 0 L I U H 0 P E R I 0 0 N 0 S E R 
B G E I R T I N X A P W V R Y V P R E F N B F S N M 

s \I O U S F I G H T I N G B U T S K I R M I S H E S B  
C 0 V J K F C L W E 0 L 0 Q E G S V I R J C J M U T 

G 
IE T w E E N 0 u T p 0 s T s H A v E T A K E N p L A 

Y A Y F W N J 0 Y L K T Y V E S T Q W 0 R S A Z Q N 

7 
IC E I N  L A S T  T W E N T Y  r · o  U R H 0 U R S P E R : 
G V T A J J C 0 F S F C L L E T T M Z U J F N F P Y 

8 II 0 D c E L E B  R A T  I 0 N 0 F R E p  0 R T E D  v I . 
D G B F E G K K 0 L G X L H V F S P T Q F X H T I X 

g \C T 0 R Y B Y C H I N E S E T R 0 0 P S T 0 0 K P L 
J S N Q U C B H H S N X Z 0 G Z 0 R U I A 0 W 0 A B 

10 
\A C E  I N S E T  T L E M E N  T 0 N E V E  N I N  G 0 F .  
U X C S K W B M V W J X 0 U T L I F Z J B J T Y G Y· 

35 
I t I • I • 7 I I 10 II 12 II Jt U 18 J1 18 II 20 !II 21 23 '" 2$ '211 

1 1  IF 0 u R T II c 0 M M A B u T L A R G E c R 0 w D s w 
V N S G K Q P G 0 R P K A U M C Y J J R V M B B S W 

12 IE R E D I s p E R s E 0 B y p 0 L I c E A N D N 0 s 
Z S A K G 0 F H W S W L E J G Q 0 D U 0 Z R N N C E 

13 IE R I 0 u s D I s T u R B A N c E T 0 0 K p L A c E 
0 A E J G 0 P K M Q L S G I W Q Q W 0 E K F R L C N 

l4 \p E R I 0 D S H A N G II A I I S S H 0 W I N G S 0 M 
V R L F M I R 0 W H U W S Z I L V H U A E A J G A U 

15 IE s I G N s 0 F G R A 0 u A L L y R E s u M I N G N 
N N U W 0 M A B E L B R N G N T L U I K Q C C F C S 

10 R M A L C 0 N 0 I T I 0 N S P E R I 0 D A 0 M I R 16 Q 0 N Q F T II R A L E L C V J C X 0 X M B I T G B Z 

1 7  
lA L K E L L Y I N F 0 R M S M E T H A T H E H A S B 
N T 0 0 Q K M A Z Q R 0 I M U B P X B Y B 0 T E P N 

18 1E E N A S K E 0 B Y H I S G 0 V E R N M E N T W II Y 
K Z T A G I F I V Q W 0 H X U B E J G A A U D J J L 

10 Ill I s R E L A T I 0 N s w I T H M E w E R E N 0 T c 
D L E Z Z C P E A J U R M U 0 W R U J A M 0 J M 0 P 

20 
\L 0 S E R P E R I 0 0 0 U R R E L A T I 0 N S H A V 
B L M B U 0 Z G K H E F X A B V K N H Y Q T F E L R 

21 IE B E E N c L 0 s E A N 0 c 0 R 0 I A L A N 0 H E II 
B T Q U W C P V C E W K L L M J 0 K L R W S E D A F 

22 
\A S K E P T U S F U L L Y I N F 0 R M E D 0 F A L L 
D Z L M K V K Z V T R X V L M Z F H P U P U Z G C X 

\S T E P S H E H A S T A K E N  
23 

E H Z L C P L Z R X L 0 W Q P G 0 P 
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On linns 1 1\nd 2, th11 plllin-toxt ditrrnph EI corresponds to tho ciphor rt'p�tition VV in column 
0 nnrl to t.ho repetition RR in column 10. If tho message is a "Z" mosMgo, th11n tho only pos­
eil>ilitios for tho IBSt wheel nrc 

-------
1 
I 

d r 

2G 1 1  
2I :18 
2W 6E 
38 ' 
3Y 
41 
GB 

FlOVU 30 
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Now coneidrr tho cligmph GE which in column 18, linrA 2 "nncl :1 corroepomle to tho cipher 

repetition HH. Tho poseibilitioe which it yields for the liftlt wheel are 

d r 

I W  2M 
IF' :IM 
2H �H 

'- 2L 4R 
3H 4Z 
51'1 GB 

OJ 
GT 
6X 

Ftoo•� 37 

Dut it must bo remembered tll!\t in psssing from line I to line 2, tho setting ot wheel 5 hu 
chnngcd in tho rovrrsed direction for a direct whod e.ncl in tho normnl dirootion for a reversed 
wheel. To compnro tho second eot or pos•ibilitirA with tho fin�t, it is thoroforo noccsAary to 
compensnte for this ehift. Tho second eeL of possihilit.il'.s will tho.n become 

d r 

I X  2L 
I G  3L 
2I 4G 
2M 4Q I 3 I  4Y ' 
5X GA i 

G I  
65 
6\V 

FIOORP. 38 

H is now found thnt only one entry is common to both eo(.,, vi1.: CW2cl at I. JC lho messngo 
is a "Z" mrssnf:O nnd tho fifth whl'cl is 2d act nt I, it should ho possible to check this fnct by 
using other ciphrr repetitions, for onmple, Wl'l in column 12, lines 3-t. Tho plnin-tcxt digrnph 
to which it corrrsponcls is EI and ono would oxpcct 2G to bo listocl ns n pos•ibility undor this 
digrnph. This is found to bo tho cnsr. Similftrly, tho digrnph TH in ('Olnmn IIi, lines 5-6 ie 
found to check. Tho necessary conclusion must then )1o that we sro dooling with a "Z" moe-
sago whoso liltb wbccl is CW2d initially set at I. 1 

• 

H a procedure such as hns boon outlined abo,·o do09 not rC��ult in ono setting common to 
tbe possibilitic•, tho mc.o;engo cnnnot bo n "Z" mcsongo.1 

\. I t  is thus seen that ir tho plain toxt is known, tho discovery of "Z" mossngos is a matter 
of rclatit"o simplicity and that cnch timo such a mcs.•ogo is found tho irlrnlity ond .position of 
the fifth wheel oro determined. Dut this is not all tho infonnnlion which is obt.aior�blo. Tho 
eame lest that hu already been applied will give infonnation about tho f1111t two wheels. 

I lr onlT one or two or .., •• ,a) yield apparent conlratllctlon•, they UI&Y be lbo reoult or raoton wbleb are 
eaplalned In wbat roUowo. 

�-
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To eco how thi� comr� nbont we proceed ns follows: Con�i!lor tJ, ., ci phrr rcpotition 88 on 
linn.� 20-21 in column I .  Tho rorre-�pondin� pl11in-trxt cligrnph is LE. Sinro tho fifth whrel 
i" originnlly !!(It Ill I 11nd ptclJ:rC¥t•r!l in a ro•erso tlirn<'tion, it Ahouhl hn,·o nrrivr•l 11L R fnr lino 20. 
In olh<'r word•, oho of tho IIM.•ihilili09 whi('h �huuld npJ>C'nr 11111h•r LE in till' tnhll'!l of intl'n·nl 
I is 2Rd. But, on rcforonco lo tho tablr.s, this on try is not fuunrl nppo•ito LE, nlthongh 2Qd is 
fuuncl. T)ln o�plnnl\lion fur thin nppcnrnnco ia not dillicult. \\'hen 1\ Jll�}IMRO is writlrn uut 
in liuel' of 211, tho lin�L c·ohunn �houl•l ho thnL ono 11·hic·h ror..,�•pnu•l• to I I "" tho lir•L rnntn>l 
wheeL This was not L11ken iuto account· when tho ciphor IIIC!O!IIIf:O wn• f't't, clown, 11111.! it \\Uultl 
consequently bo t�xpcclrd thnt aome of tho columns would ho out of plnro. Th11t � e�11clly 
"'hl\t hnppens in this cn�o. Column I r<'nlly brlon�� on tho rif:ht of column 26 nrnl tho di�rr"l'h 
BB should nppl'nr on linrs 10-20 rnthrr tl10n on llnrs 2o-21. For the,..• linr�, it would ho <'�ll('rlt'Cl 
thnt LE would correspond to 2Qd, ns it nctunlly docs. (Onn must ho cnre(ul uot to overlook 
this fnct in scnrching fur "Z" messngc�.) 

Tho quoslion 110.,.. ari�r": " Dors column 2 bt�long on the l<'fl or ri�;ht?" In orclrr to nnswrr 
it, one mu�t first fincl ll ciphrr rcpolit�on in rolumn 2 nn!l rherk thn con r�r•nndin� plniu-tr:ott 
digrnph ftgninst tho Lnbll's. When this is dono with LL on lines 10-20, it is found tbnt column 
2 rcnlly bolon�:s to Uto ri�:ht or column I .  

Tho conlinunlion o f  t.hi� rl'nsonin�: introclurrs thn uso o f  nthrr inlervnls lhnn I •inro nrithrr 
column 3 nor column 4 conlnins n ciphrr rcpoliliun nt lhl\t inlorvnl. 1\ut thi• is 11\>L nn <'l'-'�ntiul 
difficulty. Tho u�o of intrrvnl I up to this point hns been purely n mntll•r of convenience; nny 
other singlo intrrvnl or even eny combinBi ion or inlcrvniR 11·ould havo gi,·en thn Pe.rno re.�ulls. 
It is found by this procedure tha\ columns 3 ami 4 nl110 belong on tho right leaving column 5 
M tho H column or tho final eot-up. 

. J A P A 
Thcso rtlllU)(., havo two nnporlnnt consequences. Ju tho first plnco, Iho lcUN11 K C M I 

at tho beginning or tho mcssngo must stnnd nlono nt tho right end of line I. Thor ('OrrC!'IH>nd 

d.fT ' L' C '· ' ' d' d b. 
ll I b ' ' N E S E . . . D . to a 1 ercn • eot ang rom l<tll.• an tcate y 10 etters cgmnmg 

z V U F . . • • ut 1\ 
was these lnltor letters which corresponded to the aotting 2Id. Consequently tho message 
rne.lly brgins with tho firth wheel 2d nt J nod not I. 

Sc('ondly, e.lnco tbo lifth column corrc,ponds to H on tho left control wheel, it follows lhnt 
t.ho initial eotting of tho control wheel is L. Moroover, thnt inilinl �otling gi-rcs tho selling of 
tho lirst cipher wheel. This mean.� that tho indicator EQPRZ of Serial No. 165 is deciphered 
as L . . . J. 

This is not yet all tho infonnation 11•hich might bo obtniocd from this me!.'Sngo. Suppo�o 
it woro lung enough t{) ('Onlnin the "650" brl'nk. Coultl not that br�nk ho locnletl by tho 
Anmn proccduro7 To thi� one I let us thcoreticnlly consider tho line on whic·.h the hrrnk t nkrs 
plnco. This brenk is duo to 1\ motion of two or the first four whrc>l� whirh hncl bncn Sll\lionnry 
throughout. · Tho relativo seiLing or all four ns a unit i� thoreforo chnngcd nud it is no longH 
<'.orroct to �1\Y lhnt tho first four wherls rc>mnin unchnngNI down n column. llo1L thnt wns tho 
vory property which permitted ull to lllllke 1160 or tho tnblcs or plnin-te:oct rC'lntion�hips, ami 
einco iL no Jongor holds, the line on whioh tho brenk Lakee pl,.cu will noL chock with thoso abovo it. 
It will chock only with thoso below it. 

Tho 11pplication or this notion is quito eimplo. It is m<'rely a mnllor of lindiug tho first 
lino 11·hirh doee not check with thoso abov.o it. Scrinl No. 1 1 5, indicnt{)r RSPVQ, furni�hos a 
good I!.Umplo or this procccluro. 

;.. � 
0 2 1  

r 
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SnuL No. 116 
1 2 J t I I 1 I t 10 1 1  1 2  1J 1t 11 I t  I t  t S  It 20 2 1  12 IS it 2S » 

I 
{E S T I M A T E S I T U A T I 0 N T W E L V E H U N 
G Q C B F H A N W J I P D N A C U M I I K L P L A V 

2 
{D R E D T 91 E N T Y 0 N E F E B R U A R Y J A P A N 

B E G C L L L V C 0 F Q G 0 Z A B X 0 R B 0 U E M F , 

J {E S E F 0 R C E S A S II 0 R E I N C L U D I N G N A 
0 U P W 0 E K T 0 V U U 0 M 0 B T W U J P 0 0 M F X 

4 
{V Y T W E N T Y T W 0 T H 0 U S A N 0 T H R E E H U 
0 X H C P W X P M K R M U K S Y R P J T F L H G L K 

5 {N 0 R E 0 0 F T H E S E T W E N T Y F I V E H U N 0 
U V K K Y P L V E F M F S S O J A N N L W P C L P Y  

G 
{R E 0 I N W 0 0 S U N G A R E A 0 P P 0 S I N G C H 
J R C E G X W G M I B A V T I G P C C V Z Y P L B C 

7 {I U E S E F 0 R C E S A B 0 U T F I F T Y F I V E T 
O S O K O B A R Z A P H O N M G M K M X T J J R T O  

s {H O U S A N O J A P A N E S E F O R C E S M O V I N  
G I J H B Y K E V L I G F Z V X Y A J C O L G J E Z  

o {G A B O U T S H A N G H A I A R E A F I F T Y S E V  
P K 0 H N D F R Z L Z L W J W R G U C Y K N 0 H M N 

IO 
{E N V E S S E L S I N J A P A N E S E A 0 V A N C E 

H B Z 0 T L A 0 J I T F F Z V C T C K C Y A K 0 I K 

1 1  
{0 N K I A N G W A N Y E S T E R 0 A Y V E R Y L I T 

N K Z A N Q K J L Z K M I O A L F O X F Z P T O T T  
{T L E P R O G R E S S M A D E A N O A T T W E L V E  

1 2  Y F M M X Y A Y L L A N Z G X A Z P Q 0 F L E R S I 
{H U N 0 R E 0 C H I N E S E S T I L L H 0 L 0 I N G 

13 
J F H N P G G W Y K L. M U H A B J L 0 R J P 0 A H H 

14 
{W E S T E R N E N 0 0 F T 0 W N C II I N E S E E N T 

P Q W I Z R S T F Y J Y X Z I Y S T P A Q G H T U G 
{R E N C H E 0 W E S T 0 F R A I L W A Y A N 0 Y E S 

I S  M 0 J L P Z K 0 B 0 C H I 0 S H H Q B C N C L P C S 

16 
{T E R 0 A Y H A 0 0 N L Y A F E W 0 U T P 0 S T S I 

K N R R Y N C X 0 H J 0 G E K I E E I N E X W G V A 
{N K I A N G  W A N  B A T T L E  A ·ij E A I T  I S  E V I  

17 L V E U E 0 S T lA M E P L G Z R L 0 I F G W S A A G 

I S  
{0 E N T I N T E N T I 0 N 0 F J A P A N E S E I S T 

W U V F S S H G U M Y E F Y H E 0 U K N P C T X F X 
{0 E X E C U T E A N E N V E L 0 P I N G M 0 V E N E IO U A W J K S A W Q Q W C Z C P F II Z X K K B V P P B 

20 
{N T S 0 U T H W E S T T 0 C V T 0 F F C H I N E S E 
K W M H V Y Y B M G F L T Y V L E N K V M M A E E Z 

·-

I 

39 
I I t I I 7 I t 10 It 12 ll It II II JJ 11 It � 21 n � � � � 

N C H A P E I N 0 R T H S T A T I 0 N A R E A 0 F 
V U P Q A S G D L V M J L 0 D D I T II 0 Y V S P U 

22 
{C H A P E I S H E L L E D A L L Y E S T E R 0 A Y A 

G N E 0 Q V A Z P X F X L Q I L D F R W 0 M W Q Q G 
23 {N D L A S T N I G II T B U T N 0 A D V A N C E 0 F J 

U N I E P B R N Z W Q N V K Y 0 C S M A A Y F S E R 

21 u 

Etc. 
Ftou"" ag 

Tho mt'sttnge is round to be 11 "Z" mt'!II!Ago with tho fir�L wh�cl originnlly soL nL I tnul C\\'Gr 
11L V in tho IML pl11co. H it is written out ns in liguro 30, it will bo found that lino 14 rherks 
with thoso below it but not with 1!10�0 nbovo it. Consrqurntly Uno 14 repri'S('nt� I on tho �ec­
ond control whocl. On counting hark to line 1 ,  it is found lhnt tl,o second control wheel wns 
originoJly at V. This gives tho setting V for tho second cipher whcel ond shows thnt tho indi-
cator RSPVQ is deciphered 1\s IV • .  V . 

Rotuming to &rill! No. 155, it i.8 found thnt every line of lJ1o m('!<Snj!n chrt'k� with ovcr.v 
olbor, nnd tho brenk doos not 11ppe11r anywhere in tho mi'Mftgo. A� 1\ rosult it woultl sct'm thnL 

tho initio\ position o( tho eecond control whcrl is unohtninablo, nml in �cnornl, this would bo 
truo. It hnppcns though thnt tho pnrticulnr mos�n�o under considrrntion proH� to bo nn c:o:crp­
tion bocnuoo of its longth. Sinco tho \neL lino checks with sll the olhc� nbo\'o it, it mu�t •·orrr ­
Rpond to n setting of tho control wheel olhor thou I. Suppo"c thin Rolling w�ro nuy other ll'llrr 
than J or K. Thou iL is found hy counting bnck thnt Porno lino in tho mc�ngc would reprc�cnL 
I nnd would hBvo to contnin tho brenk. Consequently, tho IMt lino mnRt bo either J or K ftnli 
tho iniLinl HeLLing of Lho Rl'coml couLrol whcc\ mnsL bo either H or G. Tlus rc,\urlion lo Lwo 

possibilities is M far ll8 ono mny go with the method given nbovo. 
It m�ty be useful to Rumm!lri7.o what hM been aoid up to this point about "Z" mcS!'ng•a 

.,.·ilh known ploin te:o:t. In the first plnco, it can bo dotcrmined by tho u�n o! tho tnhles of plnin­
text relotionships ... ·bother or not the messnge is in n "Z" motion. 'fhie procedure n��ulls in n 
knowlcdgo of tho ident ity and originlll position of tho liflh wheel. &condly, the originnl po�i­
tion of tho fllllt control wheel con ho determined and if tho mcsMgo is long enough, thnt of tho 
srcond control wheel cnn nlso bo found. The information about tho control whccls givr• tho 
originnl eetlings of tho corrc•t>Onding cipher whi'Cis. 

27. Application or plain-text relatlonsbipa to mesngea with unknown plain text.-Tho 
noxt olomont to con�idcr is tho study of mc. ... ,sgos for which no pl11in text is a\•nilnblc. For 
Utom, some st�ttisticnl method must bo doviscd which will indicttlll tho correct result by 1\ study 
of rroquoncies. Suppose thnt tho mnchino i� &l't for " "Z " motion with wherl 4 direct nt S in 

tho last position. 1! tho plain-tax� lotlt'r E is hit 26 times in euccoseion 11 �rrios or cipher Ieite� 
will rosult. If the noxt 26 pl11in-t.ext \otll-rs aro all C, tho second riphcr liuo will h�> id�ntirAI 
with tho first bocauso, sccordiug to tho t.ablo, an E anfl 11 C at a dist snco or 2G will yield tho 

esme cipher Iotter. 
Suppose now th�tL tho fi�t line bnd bccn All E's but tho second Jiuo onlinnry plnin te�t. 

Then in nny column whore tho cipher letters 1\TO identicAl lbo sccoml lclt"cr must rrpr('l;rnt C. 
1! tho ciphor JoLters in lho column 1\re not the el\me, tho second letter cannot be C. Heuer, 
tho numbor of coincidences is the etuno 118 Lhe relative frequency or C in tho @e<:ond line. 

If tho first 26 lotleMI hnd boon plnin te�t tho numbor of E'A on tbo to1> lino would bnvo 
corr08ponclcd to the normnl !rcqucncy of E. 'l'he chftltccs o! fituling on thrAll two lines n 
cipher coinciclonco which rllprORCnls EC Rre given by the product o! tho norrnnl rrequencit'S. of 
tE ancl C. The chancos or finding a cipher coincidonco whoso first plnin-t<Ut c<tuivalent �hnll 

i- ._ 0 2 2  
__________ _ _  ___. , .. 
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he A nro represrntrd by tho product ol tho normnl lrcl]urncirs ol A Md N Binco, according 1.o 
lho tnbll', AN is onr ol tho digrnphs to bo 110ught lor nt iull'rvnl I .  

It now lnllowA thnt tho chnnco lor the nppenrnnco o l  nny cipher rcpotition rcgnrdless o(  

wl1nt plnin-text digrnph it mny represent, i s  obtnincd by summing tho rosult.a lor all 20 correct 
digrnphs. Tho cnlculntions 11ro given below: 

\.._ 
All-0.072 X 0.078-0.0055 
oz- .012x 001� .0000 
cs- .034X .058- .0020 
OK- .040X .004- .0002 
EC- .120X .03 1- .0043 
fT- .030X .021- .OOOG 
cr- .018X .o3o- .ooos 
HP- .033X .027- .0000 
IH- .67GX .033- .0026 

JN-0.002X 0.026- 0 0001 
KU� .004X .030- .0001 
w� .030X .002- .0001 
1111- .o2sx .ou� .ooo� 
NQ= .070X .003- .0002 
ov- .074X .013- .0010 
PR- .027X .083- .0022 
QI- .ooax .o1a- .0002 
RX- .osax .oo6- .0004 

FlOUR� 40 

SD-O.OGSXO.OI2-0.0007 
n.- .ooox .03ft- .0032 
UE- .030X .120- .0038 
VA- .013X .012- .0000 
liT- .o1�x .ooo- .0011 
xo- .006X .o74- .ooo• 
TG- .02 1 X  .018- .0004 
ZD- .001 X .040- .0000 

Tho rxpreted tbcorcticnl number or cipher coincidences nt intervAl I is 0.032 or tho toltJ number 
or tabulntion�. Tho nvcrngo incorrect result is ){,, �inco it mny bo nMumed Lh11t 1111 cipher 
rligrnplu! hnvo lln r.t]unl probability or appearllnco. l lcnco, tho nvc.rngo incorrect result ie 0.038 
ngoinst a correct result or 0.032. 

In con�idcring (•iphrr repetitions on tho first and third linrs, it is ncce8Aary l.o uao intorv11l 2. 
Similarly, in compnring line I with other lines or tho m�ngc, new intC'rnls must bo introduced. 
Tho corrret rl'!lult, lor Cil4d lit S (os cnlculnted above) nro given hero lor a few int.enala with 
the corrrt-ponding incorrect result in l'ach case. 

T .. u IX" 
---
lnttn-.J r·('trtft ,.....,... 

lnlwnl c..- lnc.•outd tott u&J r....n ·-tf'41Uil ,_ .. ,...,n '""I\ ,...,11 ..,..,, -- --------
2 0. 043 0. 03S 7 0. 018 0. 038 12 0. 034 0. 038 
a . 031 • 038 8 . 043 . 038 13 . 034 . 038 
• . 038 . 038 g . 037 . 038 14 . 013 . 038 
5 . 031 . 038 10 . 048 . 038 16 . 033 • 038 

I e . 038 • 038 I I  • 046 • 038 18 . Oi3 . 038 . 
Should one wish to "(,ll(ly repetitions botwcon lino 2 rurd tho lines below it, it would bo nccc88ory 
to considrr wheel 1 ns being �ct nt R. The results obtn incd lor tiro fir8t 1 5  intervals or this 
setting nrc: 

TARL� X 
� , , ; 

Jnltnat rnneC'l lnMnN't lnlrnl't f"orrf('{ lnrorl\ort lnl•rnl C:orrt!C'l . Jn�rrri 
lf'�UIL �uu mull rff!UU ff'llllt rf'!flult -- ---- -- ---- ---

I 0 012 0. 038 6 0. 030 0. 038 I I  0. 041 0. 038 
...__ 2 • Ol3 . 038 7 • 032 • 038 12 . 030 • 038 

3 . 031 • 038 8 . 015 . 038 13 . 033 . 038 
4 . 042 . 038 9 . 032 . 038 14 . 030 • 038 
6 . 043 • 038 10 • 010 . 038 16 . 030 • 038 

!ll 

Those rMult.a srorn 1.o inrl irnlo thnt tho incnrrect r�ult iM oltrn lnfl:Cr than thn currrrt 
ono nnd that even in tho�n casos whcro tho corroct ono i., �trentcr, the diffl'rrnce is not vrry 
npprrci11blo. ln other word•, 11 mere count or cipher repetitions cnnnot givo 11oy inlorml\lion 
ns l.o whether or not ll llles,n�to is in n "Z" motion. 

l lowevor, it is 1.o bo expected thnt tho di•tribution or tho rcprtition11 will •nry -..·ith the 
prob11bility. For cxnmpl(l, il tho corrrct rosult lor two lines is 0.016, it is nnturnl l.o expl'ct 
moro cipher rcpct.iliona IJC'Lwl!l'n thNII than hotwc<'n t•�o linCA whn..o pmhnlulil.v iP 0.!1:10. I t  
RrfiiiiS rf\MOI1Abfo th(IO lo nmJtipJy tho 1111111brr Of rl'pCtiliOIIA botwr�ll two Jinflll hy thr COCTI'­
�pondiog prob11bility 11nd to Rum li.Jo results lor nil pos•iblo pni111 ul liu�A. Such 11 proc�rluro 
wns followe-d in several INOla Md tho following results wrro obtninrd. (In most cnsrtl the 
ncorroct eottings wore picked nt rnndom. Tho correct ono is U1o lir8t on<' li�trd.) 

Serial No. 13V (10 lloC'J) 

ICd 

17771 
lOri 

17&00 
4Sd 

17003 

Soriftl No. 181 (10 linN bqlnnlns u In cipher m�ugo) 
4Sd 

14510 
IBd 

Hli07 
I Eel 

14735 

Borlal No. 131 (10 llnoo brglnnln1 at proper pool\lon) 

I Tht. INI &Siume. a knowl!!<lge ol lirlll control whccl l 

4Sd 
14108 

lAd 
13008 

IBd 
13941 

JCd 
13488 

t Ed  
13020 

Serial No. 131 (17 linN b<slnnln11 at proJl"r pooltlon) 

[ Thla t .. t uoumed that there wu no break In the On I 17 linN( 

4Sd 
68491 

lEd 
68192 

FIOOU 4 1  

Tho rc8ult11 oblninrd 11bovo d o  not !ICNn l"llry enLi�lactory. In 110vcnu c11qrs, e n  in�orrrrt 
eotting g11vo a l11rgrr tolnl thnn tho corrr�t selling. Even in those rners -..•hrro tht> correct ���Uing 
gl\vo 11 lnrgor result thnn tho low incorrect positions used, tho pcrccntn�:o cliflrrcuco was Vl'ry 
smnll. Consider tho !innl test, whero 17 lines wero used. The diiTercnco between tho correct 

nnd incorrect 8ottings ia ii��
l 

which is one-half or I percent. It 11ppenrs tbnt one cannot dcler­

mino "7." motion8 by compnring the cipher repetitions bctweon pnirs or lines only. One must 
usc moro th11n juAt two lines. 

· 

It is not dinicult l.o eco bow this can bo dono. It hl\8 already been shown thBL lor " giHn 
wheel in n givou po•iLion " cipher repetition l.lotwcon two linOI!, nt nny intrrflll whnte.-rr, enn 
roprO!lrnt only 1 or 20 poMihlo digrnphic cornbiuntione. To put it diffrrently, il tho plnin-lrxt 
CI]UivnJcnt Of Jho first of tho two cipher (ollrrs is 11rbitrariJy nssigned, the l'l]lliValrnt uf the ercond 
is complotoly dotorminccl. In exacLiy tho enme w11y then, il threo or moro like ciphrr letter8 
apponr down 11ny ono column, nod a plnin-toxt cquivnlent is 118!1iJ.tned to nny one or tl1rm, tho 
oquiVIIIcut.a ol tho othcr8 y,•iiJ I.Je fuod. Naturally, thcee oquiVIIIont.a ,.,;u vary with tho"dillcrcnl 
wheels nod their dilloront ecttinga. 

:.. 
0 2 3  
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To i.llustrnln this notion, �on�id<�r &rinl No. 155. If this rn�ngc ia written out in linea ol 
26, tho cipher l�tler 0 i� lound to nppcar live time� in column I, tho forst nppenrnnco r.orrMpontling 
to tho seLling H on tho correct whorl, 2 direct. Tho positioua of tho oLhor lotlCill 0 corrospond 
to the scttiug•, C, X, R, 0. Th�so letters H, C, X, R, 0 givo tho intervals boLwcrn tho repented 
cipher letters, vi�, 5, 5, 6, 3. IC wo Msume the first 0 to ho rcpmqrnLcd by A, thrn lho acconcl muAt 
bn B, hccnu�o tho lnh)c.q give AB ns n correct tligrnplo for iulcrvnl G wloon wh�rl 2d is act nt 11. 
If I hn •rrnntl D i• &otppo•ctl to bo ll, I hen Lho third rnotsl ho W IJernu90 BW iA n correct digrnph fur 
· , len·nl G nncl for whc!'l 2rl srt n t  C. Tho fourth nne! forth lrttN·s in this anmo wny become G 
.nd J, so Lhnt linnlly if tho first of tho set is A, Lho en tiro set is ABI'IGJ. This anmo procedure can 

bo cnrried out by n.qigning l'nch of lho 20 lctlrrs in turn to tho forst of tho ciphnr lottCill 0 nnd 
ns n result, tho followiug sets of G loLLors nrc obtnincd: 

K I Y M N H B T L O Z Q X V W G S F J O E R A C P U  
L 0 V C J 0 U I P Z Y H M K W T F S Q A R U B X E G 
J G B A 0 X L E U Z V M H N S F R 0 I T Y C W P Q K 
P U Z I F K V H T J 0 Y N R C A X M S W 0 L G E B Q 
M Q H X W Y S A R K C 0 B F N 0 V T Z U G E J I L P 
fl 107 tt 211 lVI IM Itt lli 2M II IU lot 160 � Ill W IIIII )4J UO 241 2M 101 JlT '17 D II 

Fcou�" •2 

Tho numhrr nt lhc CooL of enrlc column rrprrsrnts the sum of tho rclnti\'C CrequcnciCII ol 
tlcr lct trrs in it.  Tho highest of tlcr�o sums, 3!17, which contrs from tho sot TIEHA is found on 
compnrison with the known plnin tc:<L of tho messngo to bo tho correct soL of lottrrs. 

Oiv�n nny set of rcpcuLt•<l ciplcc·r lcUers in n column, iL is possible in tlds way to rclnto to it 
20 sets of plnin-lrxt letters, provided, of course, that Lbo on tiro act of cipher loUers is contained 
within 01\0 block or 050. 

'flu, notion cnn bo rxtended still further. Sopposo n Cnirly long mcssngo is bring studied 
and tlcnt tho originnl po�itions ol Lho control whcrls oro known. (Such nn nssumption is not 
unrrn�onnhlc, sinco this informnlion is obtninnblo from n eludy of "V" lllC.'!Snj!rs.) In such n 

rnrssngc one enn rein to ciphrr letters in one block of 050 to leLtrrs in other blocks by using Llco 
properties ol I he "i03" cycle, in which ns lens nlrcn<ly been shown a shift of ono lctt.cr arises in 
both of tho li.t�l �equcnccs. 

· 

To illusLrnto tho procedure, con�idcr &rinl No. IJ5, on which tho proper brooks bnvo bron 
indicated. 

I H 
I 2 J 4 f fl l 8 I 10 II 12 II 14 IS 18 17 II It 20 11 22 D 14 » 1t v v G Q C B F H A N W J I P 0 N A C U M I I K L P L A V u " 

" u B E G C L L L V C 0 F Q G 0 Z A B X 0 R B 0 U E M F T X 
X T 0 U P  W 0 E K T 0 V U U 0 M o· � T W U J P 0 0 M F X s y 
y s 0 X II C P W X P M K R M U K S Y R P J T F L H G L K R Z 
Z R U V K K Y P !. V E F M F S S D J A N N L W P C L P Y Q A 

''-- A Q J R C E G X W G M I B A V T I G P C C V Z Y P L B C p B 
B p 0 S 0 K 0 B A R Z A P H 0 N M G M K M X T J J R T 0 0 c 
c 0 G I J H B Y K E V L I G F Z V X Y A J C 0 L G J E Z N 0 
0 N P K O H N O F R Z L Z L li' J W R G U C Y K N O H M N  M E  
E M II B Z 0 T L A 0 J I T F F Z V C T C K C Y A K 0 I K L F 
F L N K Z A N Q K J L Z K M I 0 A L F 0 X F Z P T 0 T T K G 

··�·�·��· 
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I H 
I 2 I 4 I I 1 I I 10 II I'J II H n II If Ill II 2) 21 12 1:1 2t t.'t :!'\ 

G K Y F M M X Y A Y L L A N Z G X A Z P Q 0 F L E R S I J I I  
H J J F H N P G G W Y K L M U II A B J  L O R J P O A II H  I I  I 
I H P Q W I Z R S T F Y J Y X Z I Y S T P A Q G H T U G  G J 
J G M 0 J L P Z K 0 B 0 C II I D S II II Q D C N C L P C S r K 
K F K N R R Y N C X 0 H J 0 G E K I E E I N E X W G V A E L 
L E  L V E U E 0 S T M M E P L G Z R L 0 I F G W S A A G 0 M 
M D W U V F S S II G U M Y E F Y H E 0 U K N P C 'I' X F X C II 
N C U A II' J K S A W Q Q W C Z C P F II Z X K K D U P P B B 0 
0 B K W M H V Y Y B M G F L T Y V L E N K V M M A E E Z A P 
P A A V U P Q A S G 0 L V M J L 0 0 0 I T H 0 Y U S P U z Q 
Q z G N E 0 Q V A Z P X F X L Q I L 0 F R W 0 M W Q Q G y R 
R y U N I E P B R N Z W Q M U K Y 0 C S M A A Y F S E R X S 
S X Q T K L T 0 W M M L R W K Z 0 X R P B V K F G H K Z W T 
T W V L B E V S II' U Q K W K W Y L V P Q N 0 H J L L I U v u 
u v U J X J I L Y A T A M Q K C T S F W F 0 0 M Y H K P u v 
v u S F J S Z K Z Q G J 0 II' Z I J E F E C A H Y F M H J T W  
W T L Q M Y N X Y Z L D M V 0 J B S Y A E N H X G F J II' S X 
X S II M A A G Y K V Z T L U T M U 0 Y C I 0 X P Z M Z C R y 
Y R  K P V I F 0 Q N X G V T B L G S Q K N B G 0 K 3 B L Q z 

z Q 8 Y G A D 0 D X X S N F T J X Y R L U U E P J Q P S p A 
A p 0 0 U W J K I Y A T K 0 L S B I Q Y H R E U W I 0 F 0 B 
B 0 Z L Q R Q I X A 0 Z L Y K K X Q H B G L A F N S H G N C 
C N V X J 0 G W J S II' G S Q I F W C M M W I X J 0 P E 0 M D 
0 M J G R P W C Y Q Z V F 0 J X A K X S T K B T II B C I L E 
E L J E 0 Z M A N E I A 0 L I K A B M R X V T U I W A 0 K F 
F K N 0 II E K P E N U I C T A P N T A P Z M J N L Y H G J G 
G J A TIM M K u F 0 s K F w G F T N  u 0 L 0 z 0 J u K R H II 

H H F F P 0 G 0 F I M A X 0 A Q C J C E X U Z G S N F P G I 
I G Z C E A Q C X I B 0 N X F Z U U G 0 W H K N F 0 I G F J 
J F T Y L S 0 W D 0 F Q P S I 0 W H S K W G N I Q Y S E E K 
K E 0 C L E Z N N F Y C T C 0 H S W 0 P S L Z Z V V B 0 0 L 
L 0 X S U C X R R A 0 Q U B T L Q R V N N Y U S F E K II C M 
N C V L B X A I B F G B Y B U Z 0 Y K G W N M J A C F Z B N 
N B S 0 I R A V 0 Y 0 P E R A 0 0 0 N Q A 0 A H I X 0 R A 0 

0 A S C T R I Y K Z V K A K X D K P A D U S A E Y Q R N z p 
p z I 0 C N P L J S I Z Z A B G J I R N I 0 Y E Z F V B y Q 
Q y O X R H N R X K G P P L F S Z M T Z E O S U J F C B  X R 
R X  S V K H Q U S P R J W G W H Z R K N X L S I G P E L  " s 

s w F I C F J C T N J Z T S X 0 Y A Y A P X Q P C N Q P V T 
T V II' T Q W N V 0 Y H 0 J N K L B K C T N A E C I U C S u u 

r r 02 4 
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I H 
1 J l 4 I e l I t 10 II 11 IJ U II II 17 1A It � 21 22 11 2& 2S � 

U U B E  V 0 M Y  U T F S 0 Z Z 0 Q P 0 C W Q G Y A K  U J T· V 

V T Z V H S P P L W Y U X V V W J B U Y T J X B K L B 0 S W 
W S Q Y G Y U Y I N F U J P L S 0 W G 0 Z F N V Q B P. S R X 
X R J A V J T I Y U G L K T Q A K G P S V J 0 P S H Y F· Q Y 
Y Q A L K I 0 C V P C G I P Z V X Y A R 0 A N U U L B L P Z 
Z P F L 0 B X S 0 U 0 P Y W V Q U V J P K K N Y L R L R 0 A 
A O  Y S U Z Y T Q G U S M J J  N B  

FIOUftr. 43 

In column I o{ block I, tho let lor G iA found rrprat.OO at inl.llrv11l 7. For wheel 6 revomod, 
set nt V, thi� pnir c11n reprrsent ono of 2G possible digrnpm, oblninablo from t.he tnblos Cor that 
wheel. Thl'llo di�rnpm nro 

KJ PO Mil FE 
BI RL DV GF 

QX us IN OlA 
LA XG JP YT 

cu so vz TC 

NR HQ ZY 

WK AW Ell 
FlOUR£ 44 

Let us rccnll just how lhcso tligrnphs wero obtninctl. Suppose thnt tho first of tho cipher 
lellc1'3 G hnd represented tho plnin-lo�t letter E. Thou v.-ith wheel 6 rovei'3Cd, set nt V, tho 
current. would hnve t.rncrscd tho following path: 

. ! 
RFS • • • • • •  Y L V R Z X C P F 0 I Q A M  J B N S E K 0 G H T U W 

. I 
NALG ..... V U T S R Q P 0 N M L K J I H G F E 0 C B A Z Y X W 

I 
I 

MAI�Gr • • • •  N 0 R T H L B I J Z E Q X S 0 W F P U K G C Y V N A 
� 

1• lnl.crvenlng wheet..l 

I . 
LFS • . • • • • •  T E G 0 N S X U P Q Y \\ II A M B K R F � L Z I W Q C 

! 
F1ounr: .fG 

Just whnt pnt.h is tmvcl'!led through tho first lour wheels is of no concoru sinoo th09o wheels 
rcmnin fixed tlown tho column. 

�$'.,.--
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To soo wh11t. plnin-loxt. lotlor tl•o fti\COnd G ropr('RnnlA, it. i11 first. nrcCRSnry to 8hift thn ln.•t 

wheel to tho saLting C, 7 jJinco.� rnmovod from V. Then in this po�itiou tho strips "Jipcar aa 
follows: 

! 
llFS . . .... Y L V R Z X C P F 0 I Q A M J 8 N S E K 0 G H T U W 

I 
NALO • • • • •  C B A Z Y X W V U T S R Q P 0 N M L K J I II G F E 0 

,----­ I 
MAUlr • • • •  K G C Y V M A N 0 R T H L B I J Z E Q X S 0 W F P U 

� 

LFS . • • • • . •  T E 

(4 lnlervenlns ,.-hcei•J 

! D N S X U P Q Y V II A M B K R F J L Z I W 0 C 
� 

F•ou .. •o 

Tho IML four whnoiA nro in itlonticnlly tho snmo pu•iLi1111 M beforo. CnnAC<JUrntly, iC t.hn current 
rmorj!O<I 11L G, it must hnvo followrtl tho RAmo pnth M hl'foro nntl must hnvn rome> from G 1111 
GWiir G on NALO is oppo•ilo H on HFS. H is thn� srl'n llu•L tho Prcontl of tho cipher loUcrs 
rcprescnt.s II. Thi-' rC!Iult. checks with tho rll!!ull.ll R-' shown in tho tnblo. 

Supp09e now that tho lcttem in tho second block are being consirlrrctl. Since 703 lcn�C!I ll 
rcmnindcr of I on bring divitlctl by 20, it i• nccr�nry to rrlnlo tho loLtl'rs of column I iu tho fil'!lt 
block to those of column 2 in tho second block. 1\forcovor, ns n result of tho shift in tho lhrtl 
soqucuccs, tho loLwr G of block 1 must. be rolnted to 0 in block 2. Tho sorontl column of block 2 
i.• found Lfl contain tho Iotter 0 throe times. Tho socontl of tho lrLlors G hn.ving bcon supp09cd 
to boon line C, tho fii'3L 0 wiU be on Hoo K. For this line, lllo setting of the strips becomes 

l 
RFS .. . . .. Y L V R Z X C P F 0 I Q A M J B N S E K 0 G H T U W 

I 
NAJ.O .. ... K J I II G F E 0 C B A Z Y X W V U T S R Q P 0 N M L 

I 
MALOr • • • •  Q X S 0 W F P U K G  C Y V N A N D R  T H L 8 I J Z !:  

l ' 
(4 lntenenlos whoelol 

I 
LFS • • • • • •  T !: G D N S X U P Q Y V H A Y B K R F J L Z I W 0 C 

� 
F•ouaa 47 

Jn this 110tling tho fimt Coitr whl'cls are in tLo snruo position ns b�fore, but luwe hccn Phi fled 
ono plnco as a unit rclalivo to t.hn Ll�S. Tho p11th of tho current to 0 on tho J,FS from MAL.Gr 
will bo the pnth previously followed to G on Ll<'S from l\IAL6r but will be shifted tlowu one pl11ro 
nlong ita entire length. This mcnns thnt tho current to 0 on LFS must. hnvo como from S on 
MAlAr nnd Lhoroforo from E on RFS. 0, on lino C must therefore roprO!Innt E0• 

Tho oquivnlonta of tho romnining O,'s in column 2 block 2 cnn now bo obtninod without 
difficulty. 

11831-U-t 

r 0 2 5  
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If tho ciph�r lcltrr N nppenrcd in column 3 ol hlock 3, n similar proc:odurc to tho ouo do­

scribed nuovo would determine tho corresponding plaiu-tcxL lottcTR. Hero ngain a shill o! tho 
fixed scqucncrs must uo introduced in tuo snmo woy M before. This method ol relating lottcrs 
in each ol two or tloreo blocks of 050 makes it possible to study lnrgor sols ol loltors tlonn would 
ol hrnvi•c he obl.ninrd. For cxamplr, in Sorinl No. 1 1 6, morn thnn 25 soLq ol Aurh lolteTR woro 
luouul wlo••rc �nl'lo set conloiurd nl l"o�l 6 lottors. Ju n rncssngu ol but ono block, tho occur-
•ncc ol ('\·en lour or live such sets jq rnro. 

For l'nrh a••umption os tQ tho itlrntiLy ond originnl setting of tho fifth wh�cl, 20 combina­
tions ol plain-text lcU�rs cnn bo n�<.qigncd to cnch sot. For, by tho nhovo procrdurc, oltor nny 
one ol the ciplocr lcllcrs in such n sol hns been nrbitrnrily nssigncd n pl nin-tcxt vnluo, tho oquiv­
nlcnLq o( nll tloc others cnn be determined. To illustrnto, consider tho cipher Jolters G, D, nnd 
N in columns IG, 17, nnd 18 o( blocks I, 2, nnd 3, re�pccl ively. Tho tolnl numhor ol occurroncos 
ol Lhcso letters is 7 nnd tho sets ol plnin-toxt letters obtoincd on tho assumption thRt the filth 
wheel is CWGr nt V oro given below: 

B G S P A H X M 0 Z Q T V E K Y N D F I U J L B C R W 
C E F M T C J I X A U R K D L S G 0 Q W B V N P Z Y H 

N J Z X A V C D H I 0 M L E B Q P R K U F S W G N T 0 
Q B X 0 T W M R N Z G E J I C H L Q D V U K Y A S P F 
R C I U Y J Z S X H K B Q P T V A G R W D L M E F 0 N 

M H F M R Z Q L X K G 0 W A Y S J I C V E T P N U D B 
Q F B X 0 T W M R N Z G E J I C H L Q D V U K Y A S P 

602 JQ 477 40� 

FtOUR£ 48.-Columno 10, 17, 18-CDN 

Ol the�o •ets, the coml.oinntion ATATYRO represents tho greBlrst totnl frequency, vi:r:, 602. On 
reference to tho known plain Le!tt, this aut is found to he tho correct set. 

H now npprn rs tlll\t Cor n correct 1\ssumption ol tl.oo lilth wheel, tho proper letters will ho 
found !rom n soL o( 20 possibilities by n summntion ol frequencies. Thnt the correct loLlors 
c<Jrrcspond to tho 'lrcntcst sum is snbstnnLintcd by tho (1\ct thnt only one O!tcopLion wns found 
in more thnn leu tests of thjs nnturo. Hence, it mny be assumed thnt in onch group of 20 sets 
the column gh·ing tho greatest sum is tho only one to bo considered. Suppose such a procedure 
wero cnrricd out for every soL contnining at least 6 letters, not only for the correct setting but 
nlso for nil incorrect settings. llow would tho grand totnl of tho frcqucucics of n1l tho eot.e in 
tho correct cnso compnre ";lh no incorrect cnseT If tho Iormor should bo tho grontost o! all 
or among Lbo greatest, one would then have a motlrocl of testing unknown mcssngos for "Z" 
motions. l\lorcovor, there i s  n o  question about tloe {net thnt such will b o  tho case for mos­
soges which are sufficiently long. Uolortunntcly, this is not true for a mossoge of tho si.:r:o of 

47 
Serial No. 116. A eoriOR o! LMt.e corriod out on tho latter mcSBngo gave ncgati'ro rC'8ults ns 
follows: 

TAUW XI 

OlpberlftUM'I Columu Cmuet Jn«�ntd Mlllnl MUIIII 

CD II 16 602 600 
Zll 17 417 471 
flAM IU a sa 416 
FJL 20 408 430 
ECD 25 465 383 
KRr 7 210 4 1 4  
JLZ IU 808 605 

2,743 3,184 

-'--

Unloss ono enn obtnin longrr mcssogos, tho methods herein discus�cd will not permi t tho 1li�­
covery o( "Z" mcssnges whoso plnin Loxt is unknown. Somo other plnn of attnck will loavo 
to be devised for ueo in such CMOS. 

r - 0 2 6  
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ArP.P.:NDIX I 

INSl'ltUCTIONS 
TEST OF liCllf , I 

Arnu, I, 1032. 

I. Thoro nro four �ol,s of vnrinblCA in lh<> IIC�I which must bo adju�tcd bcfur(l n mr!ll'njl<> 
cnn bo enciphered or dc�iphrrrcl, nnmely: 

(a) Co<lo-wherl nrrnngcmont 
(b) Codo-whool linonJI 
(t) Control-whocl setting 
(d) Ulltchot action - -

, , 
The codn-1'1•hccl wirings 11.nd ond wlrihgs nro �emirrrmaiiont, but remain unchnnged for 

long periods of limo. They -will rrmnin-li:<ro for thilo t:rtot: -
2. Tho method by which Uio nbovc listed vnrinblo edjustnlonl� llrO S(lt i� ns follows: 
(a) Ench mcssngo conta.ins nn f'xternl\l indi�ntor which 'shows, by rdrrrnrr to n prinl<'•l 

cipbor or list for tho dolo in qu��Siion, LbD inilinl key oud hence lbo. set-up of tho IICM. It 
11lso shows which one of tho �i:< cipher �heds i� to ho clinitt..{\ ' rroni conAidcration for tlmt dny. 
Onlionrily, tho initinl koy would chango dnily, but for this test it will rrmnin tho some through­
out. 

(b) In ot�ch messngo, a meesngc indicator follows the (l�trrnnl iuclicntor. With tho IICM 
sot np M dotormined by tho oxternnl imlicntor, tho messngo indicntor (6 letlN"ll) is onciphrrrll 
on tho IICM. This onciph(lnnent produces tho messog:o koy. By tho uso of n Aimplo CO(.Ir, 
tho message koy dotrrmincs on en tiro now srt.-up !or tho I ICl-f. Tho sot-up thus obtnined is mndo 
and tho onciphormcnt or dcciph(lrmrnt of tho mcs.•ngo proper now br�:ins. 

Tho mcssngo indicator, and thoro!oro tho mossogo key, chnnges with ovory messngo. 
(c) Tho notunl sot-up of tho four varinbles is derived from tho koy ns follows: 
(I) Cotle-whetl arra11gement.-lf the koy were YSRIP, for oxnmplo, tbo onh•r of tho w·hcrls 

would bo li, 4, 3, 1, 2. A tRblo in tho cipher shows wlcothor onch wheel is to bo used in tho 
tl.iroct or rovol"fiQ position. 11 tho tnblo wcro 

Direct_ _ _ _ _ _  A 8 C D E  F G H I J K L M 

Uovorscd _ _ _ _  N 0 P Q R S T U V W X Y Z 

tho codo-whcol arrnngomcnt would bo 6R, 4R, 3R, 10, 2R, since Y, S, R, nncl P in tho tnblc Phow 
thnt tho wheels nro to bo usrd in tho reversed position, nnd I in t.ablo shows thnt its wheel is to 
bo used in tho direct position. The wheels 1\ro thon plnced in t,ho HCM in thl\t order and 
position, from loft to right. 

(2) Dxl•-whul li.u-up.-Tho koy iteolr is u•rd 1\8 tho lino-up s�tting of tho rotlo whrrls. 
'l'huR, who�! liR, which is now insLollrcl 11s tho lo!t.-hnnd wh(lcl, iR set with tho Y (on tho wheel 
periphery) ngninst tho bt>nch mork; wheel 4R is sot with S agoinst tho bench mnrk, ole. 

{3) Conlrol-whul �tlling.-Tho first two lottors of tho k(ly nrn u•rcl ns tbo cont.rol-w·hocl 
setting. Thus, tho loft-hand control wheel is sot &t Y; tho right-hand wbool at S. 

(49) 

r r 0 2 7  

rat 3i 
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(4) Ratchd acfion.-The srrnngomon� ol tho code whools hns nlrondy boon rlcrivod M liR, 
4R, 3R, 10, 2R. Tho first two digitA, 5 and 4, aro B)lpliod to a table iu tbo cipher to find tho 
mtchct.-nction eotting. Such a table would bo 

'-

·-r. 
:a 

-� 
"' 

li 

6 

Second digit 
2 3 4 6 

Tho setting ol the ratcbel action !rom tho table is ACY. 

6 ArrENDIX II 

nASIC CiriiER·TF.XT SEQUENCES 
hllfnc 

Z V M G Q I H E K Y W F Z X N U J S D P B R T L A C 0 
Y C H B D Y W A G R V 0 J I U S P L X N Q K F E Z M T 
X E T A K N V O M D F H C L W P X Q Z U S Y R J G I B  
W K G E M R S H C B N J A T Z O Q U Y I P X V F L D W  
V O R D G B F X A T K S L M E I C Y P V W Q U H J Z N  
U S C F N D K J U M E R X Z B G W T V Q II O Y P A L I  
T W X T J S N R L P B G F U I K 0 0 E H Y A C V Q M Z 
8 I O U E L X S F Z Q K D J P W R N C G A V M T II Y B  
R K W C P G Z U X J I Y R N L Q O F S T D M II B E A V  
Q H R O T Q D I P U L W V F S Z Y C J X E N B A K G M  
P B A F C E Y N W Q P Z 0 H J X I V T L U G S K M R D 
0 N K M J T G V S O Y Q I C A L U W H E Z P D X R B F  
N J S R B L E D H X C V Y W T M Z P 0 A G I Q N U F K 
]d R L X F K Z G N A U T H V 0 E B I Q C M D W Y S P J 
L L F Z U J R I D S M P E A H C G K W Y T B N O V X Q  
K Y Z J I P L F W N X B Q G M A T D R O V E K S C H U  
1 P V I L W Q Z J O S U K Y D B M E N F C H G R X T A  
I M Q H W Z 0 Y I L C X P R V N K B G S J T A D F U E 
II G B Y A O I C V W Z T U Q F H S R K D X L E M N J P  
0 Q D K V M C W T H O I E P Y J A X F R N U Z G B S L  
F Z Y N R H B T O E A C W G Q V L M U J F S P I D K X  
E U I V S F A K E C G M T O D Y H Z B P L J X Q W N R  
D · F P W H X J M R G T D B E C N V A I K Q Z L U Y 0 S 
0 X J Q 0 A U L B F D E N K G T S H M W R Y I Z P V C 
B T U L Y C M P Z K J N G S R D E X A B O F V W I Q H  
A A E P Z V T B Q I R L S D X F N G U M K C J H O W Y  

.. AitiO CIPB.R·TAXT I&QU8KO'II J'Oil CWl IUA&CT 
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Z V F I X H H W Q O O K E C M A L G Y T B P J S U Z R  
Y F H J W U S A O Y N C R G T B M Z O V E K Q L X P I  
X W J A L O P X M C V S T F O E K B I N H G R Y Z U Q  
VV Y 0 L M Z C Q U B T H X E J N G R K W S A 0 F V I P 
V Q V C Z B I T Y P K E A U G L S D F R O X N N J II "  
U O Y H T I K W E V Q R G M P O Z X N J F C U B S L A  
T M C V A E W R 0 G H Y r 0 B Q N I U S L J T P K X Z 
8 I B T H M G 0 F C 0 A V J N K Y S W P X Z L E Q R U 
R P W K E A B O C J T N M H L S R V X O Q U I Z G Y F  
Q J Q 0 R G M K N T L E S B A Z X F H U C Y P W I 0 V 
P H L Y C F O B R S E Z G X K M I U J A P T V Q O W H  
0 S A Z V T J N K F X G I 0 U R B W P L M Q E H Y C 0 
N C X M I H E L S R J U 0 W N P F K 0 Q Z B Y G A V T 
M E T U B W A G Z X F L P N O S Q J R C Y I K V O M H  
L A G E P K 0 M 0 I U J Z Q S C X Y L F T V W R H N B 
K K M 0 G Q R C B N W P L I Y X T U V Z J E H 0 F A S 
1 X R B N 0 Y F T K S 0 Q Z W V U E P H I L G A C � M 
I B U F K S N V J E R X C Y I 0 H P G Q A W Z 0 M T L 
R Z K P J R X S H L G F U T V  W C A Q 0 Y M 0 I N  B E , 
0 G I R Q  L F U X A Z 0 J P E H 0 T M Y  N V  B C W S K •  
F R O W F Y Z J P U M I N L Q G A C E B V S H K T O X ' 
E U F N 0 J V I L Q P B W S Z Y 0 M T G K H X A R E C 
D T P J S C L H W Z Y Q K O X I V N B E O R A U M F G  
0 O E Q L X T Z A O I V Y R C U W H S K G N F M P B J  
B L N G Y Z U E I M C W H V F T P O A X R D S J B Q K  
A "R Z S 0 V I P G W B T 0 A H J E Q C M U r N  X L  K Y 

BASIC ciPnt:ll.II'&XT I&QO'&Ncr:e roa CW2 DJ"ft•CT 

I . .. 
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f'tlllna 

Z U F I 7. R M Y J N O Q E H B V A X S O C G T W K P L  
Y Z P J W I F B V L S C Y G A K H M U X N T O E O R Q  
X Y I Q L O W J K H t X T V O M R A B P U S E H G C F  
W J V W Y Z C O L R A I U E II N B F M K Q P X G S O T  
V E L II O V I T C Z F M " P G A S K J B R Y Q U O X N  
U S C Z A C H W E T I J B 0 Q 0 M X R L K F V Y P N U 
T P X O I M T A O G E W L K C Y N 8 U F Z R J H V Q S  
8 X Q U N W B E M C O G O Z R T V S K P J I F L A H Y  

· R V U Y P S O K G B T N O C I F E H X R Q L W J Z M A  
Q M H P V Q X C R D K E S N T W J G A U F Y Z 0 L I B 
P K B A Q H Y U T F N R G X S E O L O U P J V I C Z W  
0 O R K M Y A V P E J S r O U X G C Z N B Q L H W T I  

' N  W C F R B V M H Q C L X J N P U D T I S K Y Z A O E  
.M 0 0 T J F K H B A '/ 0 Z U L S Q P N E r; X R V I M C 
.- L T 0 C F: L' J R A K M V N 1 P Z X Y Q S G 0 U F II W D 
K K E N T G Z L F M R B H S W Q I U V Y X D C P J A O . 
l C R G S E D I Z J D r K A X O Y W P H V U N T Q L M  
I B T F O X C N W I L K J R M U O V O Q A II P S E Y Z , 
R I K E J N U O S O W Z R L F B P T H C Y M A Q X G V  
0 I I W R G L S P N X C O I F Z J K Q E A T V B H Y U D  
F N A O F D Z X Q S U T C W J I L R Y G M E H K B V P : 
:B Q S M C J N I U Y X P E T O L W Z F V D B G A R K H i 
D A Y X B T L  S W P V U Q C E C Z 0 I J H N K D M r R :  
0 F M V U K E Z X O Q H P Y' D G 'r i C W L A S R N B J · 
D L J 8 11  P R G I U C Y A  Q V N 0 E If T 0 Z II X F S K .  
A R Z L K A Q F 0 W P T V ��  Y H S N C 0 E C I B lJ J x · 

••&Jo <ftrn&J\Io-T•xT-e•ao.cMcn .Poa CW3 o1"1ar 
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z I O J O L A R M H C B S Q X W E P K G U F Z V Y N T z K Y B F 0 R S U Q J D X N E Z T A P I C II V N G L W 

y E W H L C Z M F B A T K X Y U O G Q R O P J I II V S  y 0 R V K J C F X P Y L N U B G I E M Q W T A H S 0 Z 

X X G O S Z T I B J K N E R U V P C O Y F N Q L W A II X I C F H R L T J U Q V Z S P K 0 W G B Y 0 E M A X N 

w A U 0 C X I E W K L R B G F P II Q T N V J S Y Z 0 M w S W T J A F Z E L P Y II I X Q R N 0 0 K V C G B M U 

v B N P N T U W G 0 R Z F K D J Q A Y E S H L X V I C v P X 0 E L M J I G Z Q V A W U Y F S C N R H T D K B 

v T K B Q S E P 0 0 C F I J R N L Y M V G X A Z U H W v K Q U C G Z B L W 0 I Y H M 0 P V J X T S F A E N R 

"-- I T 0 E R K Y X G Q C H T J W L F S Z V B II 0 U M I P A T F R Y P T D I K Z O N W V A B C Q H L U E X J M G S  

8 M C G F R V U 0 Y T S E L 0 Z J X I H K A N P B W Q 8 X J F V Q E N W R I C S 0 II M K T Y A Z P G U L B 0 

R Y B T O J F H P N V E X G Z C I L U W A R N S Q K O  R N U L J H Y G S O F W T X C A B R E V M I Q O P Z K  

Q C V K E N L J A Q S H G U 0 I T W Z P 0 M F B X Y R Q R S P Z L A V 0 X C J 0 E U T M K F G H B W Y N Q I 

p F T H R G S Z L M Y X A 0 P N W E 0 I Q C B J K U V . p W F X Q I Z M H N U T L C G P E B R J O A K O V S Y  

0 H J E A F O X I Z B V U M N Q S O G C W Y T K L R P  0 V 0 J U Y W I B A S P E Z T 0 Q G K F L N M R C H X 

N Q A L G M J N U W I K H P B S Y X C 0 T 0 V E R Z F N U H C L P V 0 W K M X Q G I E N Y D R J Z S B F T A 

M J Y M Z 0 B L S P 0 W R A Q K X V U T N E C H G F I M M P A T Z Q H C 0 R B U Y D W G S V N F L I X K J E 

L W L V B I N K Z X Q C 0 F N Y R U H P E S G T A 0 J L G B Q M E I Y A T C F K P V N 0 0 X H S J Z W U R L 

K L 0 Z H K W S R I U Y T C J B V F P A Q G X 0 E M N K Z O K Y B G W V M E T J R Q H S C N U A X L I O P F  

1 S Z C I A R 0 X F W P V E T L K H J Q M Y 0 � N G B l J I N R V K D 0 H B G E L F Y A X T S P M U Z W C Q 

I K X I T W M F C U J 0 Q H G E Z R A L Y B V N P S 0 I Y L W S F H R N C A K D G Z J V N U E X Q B P I 0 T 

H N R U W E 0 B J T P L C Y A D G I F M Z V K H S Q X H E V Z 0 X J A F S T N R N 0 I L H B P G U Y K Q W C 

0 U S F P 0 G C K L E Q Z T V M N D W J B I H R A X Y 0 T G H I C U L N J X E B F S N W Z A K Q D P V R Y 0 

F V P X J Q C O T R Z G Y I E H B S N O L K W A F M U F C E O A W T P Z B L U G K J X S O I M R Y N Q H F V  

E P H Q U L Y T N E F I D V W G A K X S C Z R 0 N J B :B H T G N M 0 E Q I K Z P D R L U X C W B F V S Y A J 

D K Q A Y P Z V E S G J W N H 0 0 M R U X T I F C B L D L A E D S 8 C G Y W R I Q N F Z P U T 0 K J H X V M 

0 Z R Y N V Q I H G X 0 L 0 S A C N B F P U E W J T K 0 8 Z N G N X K T 0 V 0 F W Y S J I Q P E C R L A U H 

B R I F V B H Y W A 0 U N Z C X N T S K J Q P G 0 L E B A K I B D S U R E N H C J 0 V X L W Y Q G T F Z N P 

A G F W J H K A V 0 M N P S I T U B E X R L Y Q 0 C Z A Q M R W K N X P F G S A T L C H U Z O V Y O E J I B  

•.t.IIO ctra&&Jt"IIX'I' IEQVKMCI:II I'Oa OW4 otJ\&C'I' I a&Otb cnraa11-rax-r UQOSIICSI roa C\V6 DIIIID-r 
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C 0 U V Z K X W B J 0 R S T Y· Q G H P L F » M E  A I 
W T N  P H  I R U 0 K L C F X E V. Y D A Q Z J S B 0 M 
B 0 E S Q A W F P C· R Z T J U G  H V N M Y  I· L X K D 
II K C G X Y M 0 J. Q T F I E L P D A If S B V W Z U R 
F S R T 0 U V B C L Y & J W G Z Q N M A X  K H 0 I · P  
Q J X F E N . P  H K T Z V G L 0 D I Y S B M U R A G W 
0 Y L U J G S Q A R E I H· D Z C N W V X K B P F M T 
E C V Z P L D X Y M F G W A N I T S 0 II U R K Q J B 
K G T H I Q Z N U V B J D 0 M S W E X C A P F R X! L 
Z R 0 E A W Y I S  P H  K L N C B  X 0 G U T  M Q J F· V . 
H I F N G M O V W X Q A R Z S T K U C D P E B Y �·J 
L A W J S 0 B C H 0 U Y M F I X E R P T N Q G K � Z ' 
I Z M 0 L X  N K T A C P V B J W U G F Q E S Y 0 R _H 
A W I B C Z U S R E M T Q H K L 0 P D J Y G X V N F . 
J M 0 W K T I P X F G B E Y A R Z C Q N L V D � H . S ! 
X L B C 0 R E W Q U J D K G V M F I T Y S Z H N P A ; 
M U Z K T C F G 0 Y P L N R D H B J W E �  X I �  S Q : 

Y B P I  R E T  J D C  V Q Z S F  N A K L 0 G H U W M x !  
U V K Q W F G E L  N T H  Y I X J S M R Z C D  A P O .B '  
K P H  R Y 0 J D G Z S E A  V W U L X  B F I T  N M Q c :  

T R Q A F V C L N D I X G M H 0 P Z U K J W E S B Y : 

V E F Y M J H T Z S N W U D B  A C Q I P R L 0 C X K : 
R H G J V B  L A  E I X S 0 P N K M T Y W Q F Z C 0 u i  
P F A D  L H K Z N G W U X C  Q S R B E  V 0 Y J i T · N :  
S Q J !.1 N Z A R I B D 0 P U T Y X F K G II C V l. W E 
G X Y L B S I M F W K N C Q P E V U J R D A T � Z 0 

IUII.O CIPDIU\..,.&X'!' a&'Q'UitJCC'EI FOit C'\\'O. DIR•o:r 

·- � 

! 

Bfltdq 

A 
. D  
· o 
" D  
' B  
. F . 
� 0  • 

H 
I 

• 1  
K 

. L 
· M 
" N 

0 
p 

:-- Q :  
· R :1-: s . 
: T 

l l u 
" v  

w 
X 
y 
z 

57 

C Y M V B A Q 0 J E I N T P L U R II S K W F G D X Z 
V B II K lot Y C L G W S E Q Z P F A X R 0 J D N U I T 
K A � B V T Z D 0 X G Y I Q J M U F C L N S P W E H 
M F K II E I N C U D V W Y L B P J T Z S X Q O G A R  
J n A G W B T P N H 0 V Z K Q L E I X U Y C 0 M F D 
F M D O X E Q S A C H I R Y Z G W U P V T N B J K L  
B N C U G Y X M T A W F V I D 0 P Q II E S K L R Z J 
S T P D V U D E N 0 J H W N C Q Y A G X R Z F I L K 
� � N H P K G B C L A O S T Y V M D U F I J W Z R X  
Y S A Q R D K T Z N C X E V H B N P J W L 0 I F U G 
l M Y F N R E I B T U G H A � S Q L O Z C W J P D V 
11 V J S F G W K E P D A M R X Y Z C I T 0 L Q N II U 
II L X  J D 0 R G Q N M B F U V I T W E C Z Y S A  P K ·  
Z U L N C F D Y S B K J P H W E 0 G T I V X M Q R A 
P Z S T J N V X K R L Q A O G C O E W H U B Y F M I  
I X E L S H U R F Z Y M C 0 t N G 0 A P K V J B W Q 
U G Z X A P F J I V B T N E S 0 C M Q R H L K 0 Y W 
� I U M Q J Z W II K g S � X N T B Y F A Z R C V 0 P 
W P B Y Z L 0 A R C X 0 U S E K V J M I F T II C Q N 
Q K V L I C M F O U N P X G R H L B W J E A T Y S O  
R H I W T B J N P S Q U 0 F A Z K 0 L G M E V X C Y 
A W O E K L S Q X Y P N J M I R C Z O B G H U T V F  
0 C G R Z X Y U V Q S L B W F T I N K 0 A P E II J M 
T 0 F 1 U V P H Y X Z K 0 J E W S R N N Q G A L 8 C 
N J W P H Q A V U I R C L G 0 X F S 8 Y 0 N Z K T E 
L O Q A Y M H P W F T Z O C U J X K V N B I R E G S  
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Betllnc 

A B Y F I N W D X J Q T Z H A U K E C S V G 0 L R M P 

B V J W S 0 N U L Y E I A M P R G T X H D C Z F B Q K 

0 L 0 X C S P Z V G W M B Q F D E U A N T I J K Y R H 

D C U T X Q I H O O B K Y J N G P M S E W L R V F A Z  

E P E U Y W A N C K R V L S 0 Q B X G 0 Z F H J M I T 
F G P V 0 M S T R F H Z X N Y K U 0 C I J A L B W E Q 

0 Q H C B X E F J A I U S V R P N T W L M Z K 0 G Y D 

H A T K U G J L N W P X H F Q S E 0 Z B I R C D V N y' 
I E R P 0 L Z B 0 Q U A J Y X G C I K W F T N H S V M

: 1 F Q N Z I K C Y P M L V U 0 T W R 0 J E S A X H B G 

K Y S I W R T V Q B Z H P N E 0 F C L G X M U A K 0 J 

L X W O F E H Y K I A Q S G C J T Z O U B P M R N L V  

M 0 C J G A V R W M Y X 0 T L E I N P K Q B F S � H U 

N T L 0 M H F 0 B V U N E Z G W S Q R Y K J X I A P C 

0 Z N B A J C K H P S G I D O X Y F V R L U W M Q T E  

p S K M L T R A Q X D W N C U V J H F Z P 0 B Y E G I 

Q R B Z E F M Y U N 0 S T P H L A J I Q C K V G 0 W X 

R K I G J B V P S C X E Q A Z M L W Y T R H 0 N 0 U F 
s W O L K H Q X T U G Y N I B Z O V E F A N S C P J R  

T N Z R A Y U E P 0 V B W K I C H G J M S X T Q L F 0 

u I F M V P G Q N H K 0 R W T A 0 L B X U E Y Z J C S 

v J B H Q 0 Y S A R C F 0 E M N Z K U P G V I L T X W 

w K A Y N V X M F T J C G B S I R P Q D H W Z E .U 0 L 

X M V S H U B J E L T O K X W F Q Y N A O I G P C Z R  

y H X A P K L G Z E N R U 0 J Y V S M C W 0 Q T I F B 

z U M Q R Z 0 I G S F P C L V H X B T 0 N Y E W J K A 

UBIC CIPOI:II-UU UQ'O.KCmt I'OR CW2 UUitUD 
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K U Q J Y V E D R Z A B H I W N W T L G 0 C S F P X 

P Y L V H G N F I M K A W B S 0 E Z D C T X J Q U R 
V Z H A D S J W B R M 0 K X C G I N T E U L Y P F Q 
I A M N X L 0 K F B C R U T 0 W S E G P Z V Q J Y H 
M B S U Z C R J K T F P E N 0 X G 0 Q I H Y L V A W 
K X P I T F L R E J Q G S C U D N Y W A V � H M 0 B 

U Q W E J Z F G L Y D X T P N S V 0 M H I A B C K R 

Y 0 G L I J 0 Z V N U E Q S X H C B A W M K T R F P 

C 0 Z W L N I H S P G Y X U A T K M 0 B R E F J Q V 

N I O Z S W A X Q O V U P M E R B C K F G J L Y H T  

W C I X O M U Y N H P Q B G F K T R J O L Z V A E S  

T W U C B P V S A Q Y K 0 J R E F L N Z I H M G X 0 

0 P T K Q H X M Y V R N L F G J Z S I W A B 0 U C E 

Q E R Y A U B V H F S Z J 0 L I X W 0 M K N P T G C 

G F V N P K H A J X I L N Z W U 0 C B R S Q E 0 T Y 

J H B Q R A N L U W Z S I 0 P C T K F X Y G N E V 0 
A K Y F M B Z P 0 I X W C Q T E R J U V 0 S G H N L 
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0 1N lC 28 2A li IO 2X 4A 40 Q9. 5V 6A 6C 
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Q 4R 
p 
U li 2Y 3E 5A SY 1 T 2H 3A 4J 4M 4T 
X 1 Y 1M lF 3T 3G 4M 5X 5Q 50 5J SQ lU Z,Q gn � � � §g 

8 2N 3N 4A 4S 4I 6C SK SU SY lV lE 2G � 3G 5V 
N lZ 4Y 4P SR SG SP lH lL lK !fi 2I gJ: � §!! ID:f §.H 
D SP 2V 2U 3I 4K 4U §K SM 
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X 1J 2Z 3F 58 5Z 1S 6Q 3Z 4I 4L 4S 
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8 1K 2A 3G 5C SA 1 R  2F 3Y 4H 4K � . 
N 1A 10 1H 3V 31 40 5Z 55 5Q 5L

. 
65 15 2M 2P illi 4U 4N 6N 

D 2P 3P 4C 4U 4K 6E 6M 6W 6A 1 T 1C � ,&! Mi §I 
0 18 4A 4R 5T 51 6R 1F 1J li J.E 2G g)! 1A g 5F 5L 
E 5R 2T 25 3G 41 45 51 6K 

. . 

T 1C li 2N 2L 48 4W lU 2C 3C 4P 5X §! 
0 2F' 20 2V 4J 5H 3K 3L 4Z 6E 
0 1T 3M 6P 2V 2X 2L 3U � 4X §g 
w � � � � w w � a � � � � � � w �  

I 1Z 2U 2Q 2M 3F 3C 3X 3L 4L 1X 1A 4R §.Y 6Y 
Z 1 Y 15 lid 2C 2Y 3N 4V 6G 6X 6N 30 48 5P §!! 
L 1E: 1Q 1P 3A 45 5G SF 5U 6U lM 2A. 38 40 � 2E 
1 1 V 20 5Y 5P 6Y 1 Y 4F' 4L 6I 
F 1U lJ 21 2H lB lH gg 4T 4W 5J 50 §I 6Z 
R IF 2T 4E 4Y 4M 41 6Z 1Z 10 � ;B M 4E: iQ 50 §fi §!! §f 
K 4Q 6Q � 4J 5W 6A 
B 2J 38 3U 5N 61 lG lK 1N 2W 2K 3M 

M lG 28 3Z 3J 4G 5X 5K 5J 6V 6K !,g 2Y 5N §£. §Q 

UnderUned �ype denotee wh.,.,lo In r .. ened potltlona. 
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TAIILW 8 

A 1H 2C 3A 3K 411 5Y 5L 5K 6W 6L J.E 2X QM §!! §E 
H lE 10 2F 2X 35 4Y 5E 5P &! &.(! &I � §.E §g 
V 1M 25 5C 6U 6K 61 
Y a n � � � � ft 6G ll lU � a � � � � � � �  
Q 3R 3I 4A �� � 2C � � � 4N §! 6N 
P U U U H U W � � � H U Mi � � � �  
U 15 2H 3Z 3P 4E SF 60 1Q &I � � � � §I 
X 4U 
8 
N 1L 28 3H 50 58 !,g 2E: � 4G 4J � 
D 18 1P li 3W 3J 4P SA 5T 5R 5M 6T lfi g!, � � 4T � 6L 
0 2Q 3Q 40 4V. 4L 6F' 6N 6X 68 IS !.!! � £!I 30 � 
E W � G W 5J � � li iD !Q � � G � � �  
T 55 25 lfi 3F � � 5H � 
0 10 1J 20 2M 4C 4X !I � ;m 40 M 2Y 
0 2G 2E: 2W 4K 51 3J � 4Y 60 

W 1U 3N 6Q 2U 2W 2K 3t.l 3P 4W 6P 
I U � � 6G � & U � � � illi 9 � � � �  
Z 1A 2V 2R 2N 3G 30 3Y 3M 4M lW 1Z � 6U §! 
L lZ 1 T lN 20 2Z 30 4W 6H 6'! 60 3C 1A � 6A 
1 1F lR 1Q 38 4T 5H 5G 5V 6V � � M 1Q 58 6E: 
F llf 2P 5Z 5Q 6Z !! 4E: � §!! 
R 1 V lK 2J 21 !A lG lf 45 4V � 5N 65 6Y 
K W W • G a 4J � ll H n � � ® � � � 6G W  
B 4R 6R tiT 41 5V g 

M 2K 3C 3V 50 5J lF 1J lN 2V &! � 

Underlined �11"' dono� whulo In re•ened pooltlono . 
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Tuu N 

A 21.. 30 31 5P SK lE il lit 2U &1 M 
H li 20 38 3L 41 5Z 5M 5L SX SM 10 &!f � §A gj 
v lF' lP 2C 2Y 3T 4Z SF SQ � 2F' E!:l M � .§f 
Y lN 2T 50 SV SL. §tl 
Q 2M 2U 3C 3F 3M 4R 4P 90 !Y ll lJ � � fi .§I mi. � Q2 6J 
P 3S 3J 48 41 18 2B M! 11{ 4E 41.. SV §It 
u 1Z 1 y 2Z 311 3Y 3V 4H 5X SN � M � � §.E � §11 
X 1T 21 3A 3Q 4F SC SE lC 2S � 3G 4A 6Y SS 
8 4V 
N 
D 1M 2C 31 5E 5C 1P 20 3W 4F' 41 4P 
0 lC lQ lJ 3X 3K 4Q 58 5U 5S 5N SU l,q � ltf ;}f � � IDi 
E 2R 3R 4E 411 4M 60 SO SY SC .!B !A 5Q � � Jill 
T 10 4C 4T 5V 5K ST !Q lH lG 1N &§ &f � � §.12 � 
0 ST 2R � 3E 4C � 50 SI 
0 lE lK 2P 2N 40 4Y 1S 2A M g � IDl 
W 2H 2F' 2X 4L 5J g 3J 4X SC 

I lV 30 SR � 2V &! J1 30 4V !!Q 
z � � � � & W 5J � � � � � � � � �  
L 18 211 2S 20 3H 31!: 3Z 3N 4N ll !X 4P 2I §! · 

1 lA lU 10 2E 2A 3P 4X SI SZ SP 38 g 5N � 
F lC 1S lR 3C 4U 51 5H 5W SW .lli 2Y � f!l � §Q 
R lX 2Q SA 5R SA HI 40 4J 6C 
X lW lL 2K 2J 1Z lF' 20 iB fl.! !ill IDJ §.B §! B lH 2V 4G 4A 40 4K SB 1X £M 3S 3V � � � 3 � §l §H 
M 4S 6S 2X 4H 5U SY 

Underlined t7pe dcnotN wbeelo In revenod poolllont. 
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T•u• D 

A. 4T ST � � §I SX 
H 2M 3E 3X 6Q SL 10 1H 1K 2T mi � 
V 1J 2E 3C 314 4J 6A 5li 5M SY SN !H .E.¥. IDS SZ SD 
Y 1C lQ 2H 2Z 3U 4A SC 5R � &§ &Q 3E � §Q 
Q 10 2U 6£ SW 6M � 
P 2N 311 3C 2V 3N 4S 4Q SE 1 T 1§ li Z.1. � § 5S 5V 5W .Q.!:! H 

; . u '3T 3K 4C 4J M gA � 1! 40 4K §!.! 6K 
X 1A lZ 2A 3V 3Z 3W 41 5Y SO � 31 3C §.B 5E 511 §! 

8 lU 2J 38 3R 40 5H SF 18 &R 3T 3F' 4Z M §.B 
N 4W 
D 
0 lN 20 3J SF 50 10 2C 3V 4E � 1,2 
E 10 lR 1K 3Y 31.. 4R 5C 5V 5T 50 GV !f 2J 21.1 30 iB � 6J 
't 2S 3S 4F 4X 4N GH GP SZ SO l,q g 28 2F 38 QQ 
0 1E 40 4U 51 5L Sl1 !Q .lll ..)£ 1M &Q gQ 4X Jrn � 51 
0 5U gQ gf 30 4F 4P SF' GH 

W 1F 1L 2Q 20 4E 4Z 1R 2Z 3Z � §Y §I 
I 21 2C 2Y 4M 5K � 31 g S8 
Z lW 3P 6S � m.l gi 3K � 1!.! §!! 
L � � � M � � � � H � � M � � � �  
1 lC 2X 2T 2P 31 3F 3A 30 40 !Y lX 40 6S 2Y 
JJ' 18 lV 1P 2F 28 3Q 4Y 6J G.A GQ � 4Y 5M §! 
R 1H 1T 1S 30 4V 5J 51 SX SX lJ &! 3Y 4A g §g 
X 1Y 2R 58 5S 68 J..Y 4C 1,! 6F 

B lX 1M 2L 2K lY ll! 2N � � rul £1. � SW 
M li 21 4H 4B 4P 4L 6C !! JJ. � J.U � iQ fb 5A 50 6E .§!{ 

UndorUood t7p0 donot011 wheel• In ronrwod pooltloM . 
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Tu�• 0 
A lJ 2X 41 4C 4Q 4M 60 .!Y lK � 3T M 4A � 5Z ID! §Q rut· 
H 4U 6U 2V 4F' 5S 6W 
V 2N 3F' 3Y 5R 6M lC lG lJ 2S 2G 31 
Y lK 2F' 30 3N 4K 58 50 5N 6Z 60 1M 2U 5J 6Y 6C 
Q HI lR 21 2A 3V 48 5H 5S 2X &Q 2F � 5C 6N 
P lP 2V 5F 6X 6N 6F' 
U 20 2W 31 3H 30 4T 4R 6F' lS lR lH 2K 3L 4R §.B 5U Ql £M 6H 
X 3U 3L 40 4K lZ 2Z 3F' 4U 4C 4J 6T 6J 

S 18 lA 28 3W 3A 3X 4J 5Z 6P 3P 3V 3D §.Q §Q 5G � 
N lV 2K 3C 3S 4H 51 6G lA gQ. 3S 3E 4Y §!{ §.g 
D 4X 
0 
E 10 2E 3K 5G 5E lN 28 3U 40 � 4N 
T lE lS lL 3Z 3M 4S 50 5W 5U 5P 6W 10 21 2L 3N § 41 61 
o n � c ft � M � � � 1P n u a � & . 
O IT � � 9 � � 18 1F' 1E n � m ft M � M  

W 5V 2P 20 3C 4E 40 5E 6G 
I 1G 1M 2R 2P 4F 4A !Q 2Y 3Y 4L §I 6S 
Z 2J 2H 2Z 4N 5L 3G 3H 4V 6A 
L lX 3Q 6T 2R 2T � 3J 3M 4T 6M 
l W M � GJ � � � N � � � D M � � §Q 
F 10 2Y 2U 2Q 3J 3G 38 3P 4P 1T 111 4N 6R 6U 
R 1C 1W 1Q 2G 2C 3R 4Z 6K 68 6R 3Z 4X 5L 6X 
K li lU 1 T 3E 4W 5K 5J 5Y 6Y l i  2W M 4Z ID: 68 
B lZ 2S 5C 5T 6C lU 48 4H g; 

M 1Y lN 2M 2L 1X 10 2M 4P 4S 5F 5K 6P 6V 
Underlined t7po denol.,. wheel• In roveroed pooltlooo. 
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Tu�-. E 

A 1Z 10 2N 2M 111 lC 2L 1.Q 4R 5E 5J 60 6U 
H 1K 2Y 4J 40 4R 4N GE lU lJ Qe � 3V 4Z 4J 5Y 5N 6C 6K 
V 4V 6V 2U 4E 5R §Y 
Y 20 3G 3Z 5S 6N lD lf' li m! 2F' 311 
Q lL 2G 3E 30 4L 5C 5P 50 6A 6P lL 2T 51 6X 6B 
P li lS 2J 28 3W 4C 51 5T 2W 2C 2E 3C 5B 6M 
U 1Q 2W 5G 6Y 60 6E . 
X � H 3J � � � � 6G !Q lR W � H § 2.Q � � � �  
8 3V 3M 4E 4L ll g_r 3E 4T 48 41 6S 61 
N 1C 18 2C 3X 38 3Y 4K 5A 6Q 30 3U 3A 5P 5C 5F' GY 
D 1W 2L 30 3T 41 5J 6H 1Z 2P � � 4X 5V GP 
0 4Y 
E 
T 1P 2F' 3L 5H 5F 1M 2A 3T 4C 4F 4M 
0 1F 1T 1M 3A 3N 4T 5E 5X 5V 5Q 6X lN 2H 2K � 4P 411 GH 
0 2U 3U 4H 4Z 4P 6J 6R 68 ·5r 10 lX 2Z 20 3Z Q.Q 

W W � ft M � � U lE 10 1K � � � 9 M W  

I 5W 20 2N 3D 40 4N 50 6F 
Z 1H 1N 2S 2Q 4G 48 1 P  2X 3X 4K 55 §B 
L 2K 21 2A 40 5M ;!!'.: 3G 4lJ GZ 
l 1 Y 3R 6U gQ. 2S 2G 31 3L 4S GL 
F 2E 58 5R 6K 61 6T GM 21 � 3J 3N 5W 5H 5N 6J 6N 
R 1E 2Z 2V 2R 3K 3H 3C 3Q 4Q lS IV 4M §g GT 
K 10 1X 1R 2H 20 3S 4A 6L 6C � 3Y 4W 5K 6W 
B 1J 1V lU 3F 4X 5L 5K 5Z 6Z !!:! 2V 3W 4Y 5X §!! 

M 1A 2T 50 5U 60 1 T 4A 4G 60 
Underlined typo donotoo whoola lu rovcroed pooltlono. 
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TnLa T 
A 18 2U 5E 5V 6E )& 4Z 4F 6C 
H 1A 1P 20 2N .1V 18 2K it! 1Q 50 51 6N 6T 
V 1L 2Z 4K 4E 4S 40 6F 1 T l i  � 3R 3U 4Y � 5X !& ml 6J 

Y 4W oW 2T 40 J2Q 6U 
Q 2P :SH 3A 5T 60 lA lE !!J £g 2E 3G 
P 1f& 2H 3F 3P 4M 50 5Q 5P 68 GQ lK 25 5H 6W §! .  
U 1J 1T 2K 2C 3X 40 5J 5U 2V 28 20 38 � 6L . 
X ' 1R 2X 5H 6Z 6P 60 ' 
B � U � � � fi ft � 1P W 1F U M � � � M H �  
N 3N 3W 4F 4M 1X 2X � � 4A 4H §B §!:j 

D 10 1C 20 3Y 3C 3Z 4L 58 6R 3N 3T 3Z 50 5B 5& §I 
0 1X 2M 3E 3U 4J 5K 61 1 Y 20 � 3C � 5U 2Q 
E 4Z 
T 
a 1Q 2G 3M 51 5G 1L 2Z 3S 4B 4E 4L 
0 1G 1U 1N 38 30 4U 5F 5Y 5W 5R 6Y 1M � � � � � §g • 

W 2V 3V 41 4A 4Q 6K 6S 6C 6G 1N HI £I gQ ID: IDf 
I 1H 4G 4X 5Z 50 6X 1Z 10 1C !4, 2A � !l,l 1U � §[ 
Z 5X 2N 2M 3A 4C 4M 5C gj 
L li 10 2T 2R 4H 4C 10 R! 3W 4J 5R .§.ll 
J 2L 2J 28 4P 5N 3E 3F 4T 6Y 
F 1Z 3S 6V 2P 2R 2F 3H 3K 4R .§K 
R 2F 5C 5S 6L 6J 6U 6N gtJ � 31 � QY � §!!! §! §M 
K 1F 2A 2W 2S 3L 31 30 3R 4R !fi !Y � §l � 
B lE lY 1S 21 2E 3T 48 6M 60 6T 3X 1! §!l §Y 

M lK lW 1V 3G 4Y 5M 5L 5A 6A !Q lli! � � ill{ §Z 
Underlined �ype denot .. wbeel.o In re•eraed pooiUooa, 
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TABLS c 

A lL lX 1W 3H 4Z 5N 5M 58 68 1F 2T ill,! � 5V 6Y 
H lC 2V SF 5W 6F )._B 4Y 4E 68 
V 18 1Q 2P 20 lU 1A 2J 4M 4P 5C 5H 6M 6S 
Y 1M 2A 4L 4F 4T 4P 6G lS !!:! 3N � � 4X 4H 5W 5K GA 6! 
Q 4X 6X 2S 4C 5P 6T 
P 2Q 31 3B 5U GP lZ 10 lG 2P 20 3F 
U 1N 21 3G 3Q 4N 5E 5R 5Q 6C 6R ' 1J 2R 5G §Y 6Z 
X lK lU 2L 20 3Y 4E 5K 5V 2U 2A gQ 3A 5Z 6K 
8 lS 2Y 51 6A 6Q 6C 
N 2R 2Z 3L 3K 3R 4W 4U 61 10 lP lE £!! 31 40 50 5R 5S 5J 6E 
n· 3X 30 4G 4N lW 2W 3C 4R 4Z 4G §Y 6G 
0 1E 1 0  2E 3Z 30 3A 4M 5C 6S 3M 3S 3Y 5N 5A 50 6W 
E 1Y 2N 3F 3V 4K 5L 6J 1X 2N 3P 38 4V §:!: GN 
T 4A 
a 
0 1R 2H 3N 5J 5H lK £I 3R 4A 40 4K 
W lH lV 10 3C 3P 4V 5G 5Z 5X 5S 6Z lL 2F' 21 3K 1!! 4F 6F 
I. 2W 3W 4J 4B 4R 6L 6T 60 6H 1M lV 2X 28 3X 5M 
Z l i  41-1 4Y 5A 5P 6Y 1 Y lC lB l i  2Z 2K 4T 5X 5Y 5E 
L 5Y 2M 2L 3Z 48 4L 58 60 
J lJ lP 2U 2S 41 40 lN 2V 3V 41 J2Q 6P 
F 2M 2K 2C 4Q 50 30 3E 4S 6X 
R lA 3T 6W 20 � 2E 3G � 1Q 6J 
K � � � � � 6V W � � 3H � W � � ffil �  
B 'lG 2B 2X 2T 3M 3J 3E 3S 4S !_g lT 4K 60 6R 

M lF lZ lT 2J 2F' 3U ·4C 6N 6E 6U 3W 4U Q! 6U 
Underlined �ypc dcnot"" whccio In rc,·er•ed I•ooiiionl. 
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Tu•a O 

A 1G 1A lU 2K 2G 3V 40 60 6F 6V 3V 4T � 6T 
ll 1M 1Y 1X 3! 4A 50 5N 5C 6C 1E � 3T 4V 5U 6X 
V 10 2W 5G 5X 6G _!g 4X 40 6A 
Y 1C 1R 2Q 2P 1T 1Z 2! 4L 40 58 5G 6L 6R 
Q lN 26 4M 4G 4U 4Q 6H lR lG � 3P 3S 41'1 � � fu! GZ §!I 
P 4Y 6Y 2R 48 50 6S 
U 2R 3J 3C 5V 6Q lY 1C 1F � 2C 3E 
X 10 2J 3H 3R 40 5F 55 5R 6S 60 li £Q 5F 6U GY 
8 1L 1 V 2M 2E 3Z 4F 5L 5W 2T 2Z 28 � � 6J 

N 1T 2Z 5J 66 6R 6B 
D 2S 2A 3M 3L 3S 4X 4V 6J 1N 10 10 2G � .4!!. ID! rul, £!! 5! .2Q 
G 3Y 3P 4H 40 lV 2V 38 � 4Y 4F 6P 6F 
E 1F lE 2F 3A 3E 3B 4N 50 GT 3L � 3X 5M 5Z � §Y 
T lZ 20 3G 3W 4L 5M 6K lW 5.!!! � M 1J.l 5S 6M 
0 48 
0 
W lS 2! 30 5K 5! lJ 2X � 4Z 4C 4J 

I 1 I  ll'f lP 30 3Q 4W 5H 5A 5Y 5T GA 1K 2E 211 3J 1M 4E GE 
Z 2X 3X 4K 4C 4S 6M 6U 6E 6! lL lU 211' 2A � 5L 
L W � � � � � lX 1B ll lH H U 4S M � �  
1 5Z � 2K 3Y 4A 4K 5A 6C 
F 1K 1Q 2V 2T 4J 4E 1M 2U 3U 1!J 5P 60 
R 2N 2L 20 4R 5P 3C 30 6W 4R 
K 18 3U 6X 2N 2P 20 3F 3! 4P 6! 
B � � W U a � & U W � � M � � GG �  

M HI 2C 2Y 2U 3N 3K 3F 3T 4T 1P lS 4J 6N §g 

Underlined tn>e denolte whcelo In rc•ened pooiUono. 
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'rnLa W 

A 1I 20 2Z 2V 30 3L 3G 3U 4U 10 lR 1I 6M 6P 
n HI 18 1 V 2L 2H 3W 4E 6P 6G 611' 3U 4S uG 6S 
V 1N lZ 1Y 3J 48 5P 50 50 60 !Q lfi � .1!,! � §!! 
Y lE 2X 511 5Y 6H lP � � 67. 
Q 10 lS 2R 2Q 1S 1 Y 2H 4K 4N 5A 5F 6K §g 
P 10 2C 4N 4H 4V 4R 6! _!g 1F � ;m � 4V � .§l.! � §X GC 
U 4Z 6Z £Q 4A 5N GR 
X 2S 3K 30 511' GR 1X 18 1E 2N 28 � 
B 1P 2K 3! 3S 4P 5G 5T 55 GT GE !!J 2P 5E GT _2! 
N 1M 111' 2N 2F 3A 4G 5lol 5X 2S 2Y Z! 3Y 5X §.! 
D 1U 2A 5K 6C 6S 6A 
G � � W � � � � � 1M lN � 2F � � � � � a �  
E 3Z 3Q 4! 4P 1U 2U 3A 4P 4X � §.Q 6E 
T lG lF 2G 38 3F 3C 40 5E 6U �K � � 5L 5Y Jill 6U 
0 lA 2P 3H 3X 4M 5N GL 1 V � � 3Z 4T £!! §1 
0 4C 

w 
I 1T 2J 3P 5L 5J li 2W l3.f 4Y 48 41 
Z 1J lX 1Q 3E 3R 4X 51 58 5Z 5U 68 1J 2Q � Jl 4L 40 60 
L 2Y 3Y 4L 40 4T GN 6V GF 6J lK lT 2V 2Z 3V � 
1 � 4J U � � � � lA U ill � H 4R H � �  
F 5A 2K 2J 3X 4Z 4J 5Z 68 
R lL 1R 211' 2U 4K 4F lL 2T 3T � §Q §!i 
K 20 2M 2E 4S 5Q 3C 38 � GV 
B lC 3V 6Y 2M 20 2C 3E 3H 40 6H 

M 2I 5F 5V 60 GM 61 6Q 2E 311 M � � §Q 5J GF' 6J 
Undorllned t11>• clcnotce wheclo In roYcnod pooltlona. 
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TUL8 J 
A N � � & � � � m � � n � � M � �  
H lJ 2E 2A 2'11 3P 3M 3H 3V 4V lN 1Y 4H 6L 60 
V 11 lC lW 2M 21 3X 4F 6Q 6H 6X 3T IIR 5F 6R 
Y 10 lA lZ 3K 4C 5Q 5P 5E 6E lC gQ. 3R 4T 55 6V 
Q lF 2¥ 51 5Z 61 10 4V 48 6Y 
P u; 1 T 2S 2R lR lX 2G 4J 4M 5Z 5E GJ 6P 
U lP 20 40 41 41'1 45 6J lP lE 3K 3N � 4U 4E 5T 5H 6X 6F' 
X 4A 6A 2P 4Z 5M §g 

S 2T 3L 3E 5X 65 lW lA 10 2M 2A 3C · 
N lQ 2L 3J 3T 4Q 5H 5U 5T 6U' 6F lG 20 50 65 6W 
D lN lX 20 2G 38 4H 5N 5¥ 2R 2X 2Z 3X 5W 6H 
0 lV 28 5L 60 6T 6Z 
E W � � K � � G � lL lM 18 H � � � W & � �  
T 3A 3R 4J IIQ lT 2T 3Z 40 4W 40 6N 60 
0 lH lG 2H 3C 3G 30 4P 5F 6V 3J 3P 3V 5K 5X 5A 6T 
0 I8 2Q 31 3¥ 4N 50 6M lU 2K 3M 3¥ 45 Qg 6K 

w 40 
I 
Z lU 2K 3Q 5M 5K lH 2V 30 4X 4A 4H 
L lK lY lR 3F 3S 4¥ 5J 5C 5A 5V 6C !! 2C 2F 3H 4K 4C � 
J 2Z 3Z 4M 4E 4U 60 GIV 6G 6K lJ 15 2U 2¥ 3U 5J 

F lL 4K 48 50 55 68 lV lZ 1\' lF 2W 2H 1,g 5U J2Y 58 

R 58 2J 21 3W 4¥ 41 5¥ 6A 
K 1M 15 2X 2V 4L 4G lK 25 35 4F 5N 6M 
D 2P 2N 2F 4T 5R 3A 38 4P 6U 

M IO 3W 6Z 2L 2N 28 30 3G 4N 6G 

Underlined lypc denotea whech1 In rcvcraed poaiUuns. 
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TA"'·'" Z 

A lE 3X 6A 2K 2M 2A 3C 3F 4M GF 
H 2K 511 5X GQ GO 6Z 6S 2C 3K 30 3H Qg 58 511 GO 6H 
V lK 2F 2B 2X 3Q 3N 31 3W 4W 1M lP 4G � GN 
Y lJ IO IX 2N 2J 3¥ 4G 6R 61 6¥ � �Q 5E §2 
Q IP 18 lA 3L 40 5R 5Q 5F 6F 18 2P � 4S 5R §ll 
P lG 2Z 5J GA 6J lN 4U 4A §X 
U 1F lU 2T 25 1.Q lW 2F 41 4L 5Y 50 61 60 
X 1Q 2E 4P 4J 4X 4T 6K 10 10 3J 3M 3P 4T 40 55 5G 6W GE 
S 48 68 20 4Y 5L 6P . · ·  

N 2U 3M 3F 5Y 6T IV IZ lC 2L 2Z 38 
D• 1R 2M 3K 3U 4R 51 5V 5U 6V 6G lP' 2N 5C 6R 6V 
0 10 lY 2P 2H 3C 41 50 5Z gg 2\'r 4X M 5V GG 

E 1'11 2C 5M 6E 6U 6Y 
. ' · ,  

T n � � m � � ft � lK lL 1A � � 4K � � W � 9  
0 38 35 IlK 4R lS 25 3¥ 4N 4V 4C 6M 6C . 

0 11 HI 21 30 311 3E 4Q 5G 6\l 31 30 3U 5J 5W 5Z GS 
W 1C 2R 3J 3Z 40 5P 6N IT 2J 31. 3X· 4R 5P 6J 

I 4E 
z 
L IV 2L 3R 5tl 5L 1G 2U 3N 41'1 4Z 4G 

l lL 1 Z  15 3G 3T 4Z 5K 50 58 5W 60 lH 28 2E 3G 4J 48 68 
F 2A 3A 4N 4F 4V 6P 6X 6H 6L 11 lR 2T 2X 3T 5I · 

R 1M 4L 4C 5E 5T 6C lU 1Y 1X 1E 2V 2G 4P 5T 5U 5A 
K 5C 21 2H 3V 4X 4H 5X 6Z 
:B 1N 1T 2Y 2W 4M 4H 1J 2R 3R 4E 5M 6L 

M 2Q 20 2G 4U 55 3Z 3A 40 6T 

Underlined type donut ... wheels In reverAO<I J>UOIUono:· . 
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TABLa L 
A 2R 2P 2H 4V 5T 3Y 3Z 4N 6S 
H 1F' 3Y 68 2J 21.. 2Z 38 3E � GE 

v a � n ffi & � U 2B � � � � a oo � �  

Y 11.. 2G 2C 2Y 3R 30 3J 3X 4X 11.. 10 4F' 6J GM 
Q lK lE lY 20 2K 3Z 4H 6S 6J 6Z 3R 4P 50 6P 
P 1Q 1C 18 3M 4E 5S 5R 5G 6G 1A gQ 3P 1_6 §.g 2! 

U 1H 2A 5K 58 6K .ill 4T 47. 61f 
X 1G 1V 2U 2T 1P 1V 2E 4H 4K 5X 5C GH GN 

s rn � � � u � � 1N 1C 3I � � a � � & � ®  

N 4C GC 2N 4X 5K 60 
D 2V 31l 3G 5Z GU .ill lY 18 � ll 3A 

0 1S 211 31.. 3V 4S 5J 5W 5V 6W 6H 1E 2M 58 §g §!l 

E 1P 1Z 2Q 2! 30 4J 5P 5A 2P 2V 2X 3V 5U GF' 
T lX 20 5N 6F' 6V 6X 

O � a � � � ft G M 1J lK U � � � � � � � g  

0 3C 3T 41.. 4S 1R gfi 3X 4M £! 48 61.. 68 

W 1J li 2J 3E 31 3F' 4R 5H 6X 3H 3N 3T 51 5V g §fi 

I 10 2S 3K 3A 4P 5Q 60 lS 2! 3K 3'1f 1_g 50 6! 
z 4F' 

L 
J llf 2M 35 50 5M 1F' 2T 3M 4V 4Y 4F 

F 1M lA 1 T 3H 3U 4A 51.. 5E 5C 5X 6E 1G 2A 20 3F' 4! 4A 6A 
R 28 38 40 4G 41f 6Q 6Y 6! 6M lH !9. 2S 21f 35 5H 

K 1N 4M 40 SF' 5U 60 1 T 1X .!.!! 10 g.Y 2F' .1Q 55 5T 5Z 
B 50 211 2G 3U 41f 4G 51f 6Y 

M 10 lU 2Z 2X 4N 4! li gQ � 40 5L 6K 

Uudcrlloed lype deoulce wheel• In rovenoed poolllooo. 
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T••ca J 
A lP 1 V 2A 2Y 40 � HI lf 3P 4C GK 6J 
ll 2S 2Q 2! 41f 5U 3X 3Y liM §fi 
V 1G 3Z 6C 21 � ll 3A 30 1li 60 

Y � 5J � ss � � � 2A 3I � 3r a n sr � �  
Q lM 211 20 2Z 3S 3P 3K 3Y 4Y lK IN if,; 6I 6L 

P lL IF lZ 2P 2L 3A 4! 6T 6K 6A � 40 � 60 

U 1R 10 1C 3N 4F 5T 55 511 611 IZ 2N � iQ 5P 65 

X li 28 5L 5C GL l L 4S 4Y §Y 
8 lH llf 2V 2U 10 1U 20 4G � 5W 58 GG 614 

N lS 2G 4R 4L 4Z 4V 6M 1M 18 31-1 � 3N 4R 48 QQ � GU GC 

D 40 60 2M 41f 5J 6N 
0 2W 30 311 5A GV IT 1X lA 2J 2X 3Z 

E 1T 20 3M 3W 4T 5K 5X 5W 6X 6! 10 2L 5A 6P 2! 

T 1Q lA 2R 2J 3E 4K 5Q 58 &Q 2U 2W 3U 5T 6E 

0 lY 2E 50 GG GW GW 

O D � � � U � � M 1I W ll � � 4I M � � � n  

W 30 3U 4M 4T ,!g gQ 31f 4L 4T 4A §K §A 

I lK lJ 2K 3F' � 3G 4S 51 GY 3G 3M 35 5H 5U � §g 

Z 1E 2T 3L 38 4Q 5R GP !B 211 3J 3V 4P � §!:! 

L 4C 
l 
F lX 2N 3T 5P 5N JJ! 2S 31.. 4U 4X 4E 

R 1N 18 lU 31 3V 48 5M SF 50 5Y 6F' 1F' 2Z EQ 3E 4H 4Z GZ 

K 2C 3C 4P 411 4X 6R 6Z 6J 6N 1G 1P 2R 2V 3R 5G 

B W � ft W � � � H 1V 1C U H � � � H  

M 6E 2G 2F' 3T 4V 4F' 5V 6X 

Underlined lype denot<e wbeolo In re•eroed poolllollll. 
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1'AftU F 

A 5f 2F 2E 3S 4U 4E 5U 611 
H 1Q 111 28 2Z 4P 4K lG 20 _;m 48 5J §I 
V 2T 2R 2J 4X 5V 311 3X 4L §Q 
Y lH 3A 60 2H 2J 2X 3Z 3C 4J � 
Q W � � � ffi � M R �I � � � H � � �  
P lN 21 2E 2A 3T 3Q 3L 3Z 4Z lJ 1M 40 611 §!i 
U 1M lG lA 2Q 2M 38 4J 6U 6L 6B 3P 4N 58 6N 
X lS lE 10 30 4G 5U 5T 5I 61 lY 2M 311 4P .§.2 6R 
S lJ 2C 5M 50 6M lK 4R 4X 6U 
N li 1X 211 2V 1N 1T 2C 4F 41 5V 5A 6F 6L 
D 1T 211 4S 4M 4A 411 6N 1L 1A 3G 3J 3M � 4A 5P 50 §! 68 

0 4E 6E 2L 4V 51 6M 
E 2X 3P 31 5B 61'1 15 lW lZ 21 21'1 3Y 

T lU 2P 3N 3X 4U 5L 5Y 5X 6Y 6J lC 2K 5Z 60 � 
0 1R 18 2S 2K 3F 4L 5R 5C 2N 2T 2V � 55 60 
0 1Z 2F 5P 6H 6X 6V 

W 2Y 2G 3S 3R 3Y 40 4B 6P lH l i  lX 2A 38 4H 5H 5K � 5C 6X 
I 3E 3V 4N 4U 1P 2P 3V 4K 45 4Z 6J 6Z 

Z 1L 1K 2L 3G 3K 3H 4T 5J 6Z 3F 3L 3R 5G 5T ru[ §f 
L lF 2U 3M 3C 4R 55 6Q .!_g 2G 31 3U 40 5M 6G 
1 411 
F 
R lY 20 3U 5Q 50 10 2R 3K 4T 411 40 

K 10 1C 1V 3J 31'1 4C 5N 5G 5E 5Z 6G lE 2Y 28 30 4G 4Y 6Y 
B 20 30 4Q 41 4Y 65 6A 6K 60 ![ lQ gg 2U � 6F' 

M 1 P  40 4F 5H 5W 6F 1R lV lU lB 25 20 4M §.g §!! §! 
Underlined lype denolea wbeelo In revcnocd pooltlono. 
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TuLa n 

A 1Q 4P 4G 51 5X 6G .!_g lU 1 T l! 2H &Q 11. £E §.g 5" 
ll 5G 2E 20 3R 4T 40 � §Y 
V lR lX 2C 2A 4Q 4L 1F 2N 3N 4A 5! 6H 
Y 2U 2S 2K 4Y 5" 3V 3" 1_K 6P 
Q 1 1  30 GE 20 21 219 ,3'( 38 -II 60 
P � � � w � � � u � � � � 9 w � �  

U 10 2J 2F 28 3U 3R 3M 3A 4A l i  1L 4C §g 6J 

X 1N 111 18 2R 2N 3C 4K 6V 6M 6C 30 4t.l 5A 6M 

8 1T 1F lE 3P 4H 5V 5U 5J ' 6J  lX 61 im .1.Q 5N 2Q 
N 1K 20 5N 5E 611 H. � 4" 6T 

D lJ lY 2X 2" 1M lS 28 4E 411 5U 5Z §.§ 6K 

0 lU 21 4T 4N 48 4X 60 lK 1Z 3F 3I � 1f � � 5C §§ � 
.Jil 4F' 6f' 2K 4U 5H 6L 

T 2Y 3Q 3J 5C 6X 1R lV lY 2H 2V M 
0 lV 2Q 30 3Y 4V 5M 5Z 5Y 6Z 6K 1D &[ 5Y 6N 6R 
0 lS lC 2T 2L 3G 4N 55 50 2M 2S 2U 3S M 6C 

W 1A 2G 5Q 61 6Y 6U ' 

I 2Z 3T 35 311 3Z 4E 4C 6Q lG lH 11'1 gz M 4G 5G 5J 5K 58 611 

Z 3F 311 40 4V 10 20 3U 4J 4R 4Y 61 6V 

L 1M lL 2M 2H 3L 31 4U 5K 6A � � � � Q§ � 60 

1 lG 2V 3N 30 4S 5T 6R lP 2F' 3H 3T 4N 5L 6F' 

F 4! 
R 
K lZ 2P 3V 5R 5P lC gg 3J 45 4V 4C 

B 1P 10 lW 3K 3X 40 50 51f 5F' 5A 6H 10 5! £A � 4F 4X 6X 

M 2E 3E 4R 4J 4Z 6T 68 6L 6P lE 1H 2P � 3P 5E . 

Underllnod lype dcnoloo wheel• In revenocd pooltlooo, • 
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TA�U R 
A 2F' 3F' 4S 4K 4A GU GC GM 6Q 10 1M 20 2S 30 50 
H lR 4Q 4H 5J 5Y GH IP IT IS lZ E.g 28 4K 50 5P 5V ·· 

V 5H !ill 2C illl 4S 4C 5S 6U 
Y IS lY 20 21l 4R 4M lE: 2M 3M 4Z 5H 6G 
Q 2V 2T 2L 4Z 5X 3U 3V 4J 60 
P IJ 3C 6F' 2F' 2H 2V 3X 3A 4H 6A 
U 2P 5M 5C 6V 6T GE 6X 2X '3F' 3Y 3C 5L 5'11 5C 6Y GC 
X IP 2K 2G 2C 3V 3S 3N 38 48 IH IK 48 6F' 6! 
8 IO li lC 2S 20 3D 4L GW 6N 60 3N 4L 5Z 6L 
N IU IG IF 3Q 4 !  5W 5V 5K 6K IW 2K 3L 4N 5M 6P 
D IL 2E 50 5F' 60 li 4P 4V GS 
0 IK lZ 2Y 2X lL lR 2A 40 4G 5T 5Y GD 6J 
E 1 V 2J 4U 40 4C 4! 6P lJ I Y 3E 3H 3K 40 4Y 5N 58 §B 6Z 
T 4G 6G 2J 4T 5G 6K 
0 2Z 3R 3K 50 GY lQ lU 1X 2G 2U 3W 
0 1'11 2R 3P 3Z 4W 5N 5A 5Z 6A 6L IA 21 5X 6M §g 
W IT IO 2U 2M 3H 4N 5T 5E 2L 2R 2T 3R !2.!l 68 

I IB 2H 5R 6J 6Z 6T 
Z � W � � M � � ffi iF W H U U 4F � � GJ 9 H 

L 3G 3X 4P 4W lN 2N 3T 1J. 1Q 4X 6H 6X 
J' 111 1M 2N 2! 3M 3J 4V 5L 68 3D 3J 3P 5E 5R 5U GN 
F lH 2W 30 3E 4T 5U 6S IO 2E 3G 3S 4M §IS 6E 

R 4J 
K 
B IA 2Q 3W 5S 5Q IB gf 3! 4R 4U 48 

M IQ IE IX 3L 3Y 4E 5P 51 5G 58 GI IC � � � 4E 4W GW 

Underlined typo deootoo whcelo In ro .. roed poolllooa. 
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Tuu 0 
A IR IF lY 3M 3Z 4F 5Q 5J 5H 5C 6J 18 2V 2Y 3A 40 4V 6V 
H 2G 3G 4T 4L 48 6V 60 6N 6R IC ·.!1 � 2R 3N 5C 
V IS 4R 4I 5K 5Z 6I !Q IS !B IY gf ·&! 4J !ill 50 5U 
Y 51 2C 20 3P 4R 40 5R §I 
Q 1T 1Z 2E 2C 4S 4N 10 21, 3L 4Y 5G 6F 
P 2W 2U 2M 4A 5Y 3T 3U 41 6N 
U 1K 3D 6G 2E 2G 2U 3W 3Z 4G GZ 
x � � � � w & � � � � � � � � � �  
8 . IQ 2L 2H 20 3W 3T 30 3C 4C IG IJ 4A 6E 611 
N IP lJ IO 2T 2P 3E 4M 6X 60 GE 3M 4K 5Y 6K 
D 1 V HI 1G 3R 4J 5X 5W 5L GL IV 2J M 4M 5L 60 
0 1M 2F 5P 5G 6P HI 40 4U §B 
E IL IA 2Z 2Y 1K lQ 2Z 4C 4F 5S 5X 6C GI 
T IW 2K 4V 4P 40 4Z 6Q li IX 30 3G 3J 1t! 4X 5M 5A §g §! 
0 4H 6H gi 4S 5F 6J 
0 2A 3S 3L 5E GZ lf IT IW 2F .E! 3V 

W lX 2S 3Q 3A 4X 50 58 5A 68 6M lZ E.!i 511 GL 6P 
I lU IE 2V 2N 3I 40 5U 5F � E.g 2S illl Qf .§A 
Z lC 2I 5S GK GA 6S 
L � � W 3J � � fi � lE IT m g M fi � � 5I � W  
J' 3H 3Y 4Q 4X 1M 2M 3S 4H � 4W 6G g 
F IO IN 20 2J 3N 3K 4W 5M 6C 3C 31 30 .§.Q !2.!l 5T 6M 
R li 2X 3P 3F 4U 5V 6T lN 20 ,M: � 4L 5J 60 
K 4K 
B 

M 18 2R 3X 5T 5R IA 20 3H � 4T � 

Underlined type deootoe whcelo In reoeroed poolllooa. , ,  

I"" r- 0 4 6  
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Thr., M 

A lC 2S 3Y 5U 5S g 2N 3G 41\ 4S 4Z . � , .  
ll lS lG lZ 3N 3A 4G 5R 5K '51 50 6K lA 2U � g 4C 4U 6U . 
V 211 311 4U 4M 4C 6\V 6E . 60 6S 1 8 g Z_M ?._Q �14 §t! 
Y 1 T 4S 4J 5L 5A 6J lN lR !_g lX 20 2Z 41 5M 5N 5T 
Q 5J g,!! 2A 30 .1,q 4A .§Q 6S 
P lU lA 2F" 20 4T 40 lC �� 3K 4X 5F' §!; 
U 2X 2V 2N 48 5Z 3S 3T 4H 6M 
X lL 3E · 611 20 2F' 2T 3V 3Y 4F" 6Y 
8 2R 50 5E 6X 6V 6G 6Z 2V 30 31f 3A 5J 5U §A §.!! 6A . 
N lR 2M 21 2E 3X 3U 3P 30 40 lf' li 4Z 60 6G 
D lQ lK lE 2U 2Q 3F 4N 6Y 6P 6F 3L 4J 5X 6J 
0 lW li lH 35 4K 5Y 5X 5M 6M lU 2! 3J 4L llli 6N 

E lN 2G 5Q 5H 6Q lG 4N 4T §g 
T 1M 18 2A 2Z lJ lP 2Y 48 4E 5R 51f 68 2!:f 

., 

0 lX 2L 4W 4Q 4E 4A 6R !!;j lW 3C 3F" 31 4M 41f §.!. g 6P §! 
0 41 61 _gu 4R 5E 61 
W 28 3T 3M 5F 6A 10 lS lV 2E 2S 3U · 

I lY 2T 3R 3B 4Y 5P 5C 58 6C 6N lY 2G 5V §!i §2 • · :  
Z l V  l f'  2W 20 3J 4 P  5V 5G 2J 2 P  2R 3P 50 6Z 
L 10 2J 5T 6L 68 §B 
� � � � D � � � ft lO lE lT � � ® OO � � � ft 
F 31 3Z 4R 4Y !1 2L 3R 4G 1Q 4V 6F 6V 
R lP 10 2P 2K 30 3L 4.X 5N 60 38 3H 3N � 5P � §.!. 
X lJ 2Y 3Q 3G 4V 5W 6U 1M 2C 3E Qg 4K � §Q 
B 4L 

M 
Underlined I) pe denoleo wh�lo In reverwed poelllouo. r • � •• ;· , 1 � 
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ArrP:NIJtX I V  

DASIC l'LAIN•TEXT SF.CIUENCES 
lo-lllhC '.---· ---

A Y II Z II P V S M Q D A N L X D T U F' R I G J O K C E  
Z L T X Y F R E J A N  M S V C G U If 0 Z Q II B I 0 P K ·  
Y V U C L 0 Z K 8 �� S J E R P H  If Y I X A T N  Q G F 0 •  
X R W P V I X D N J E B K Z F T Y L Q C M U S A II O G  
W Z Y F R Q C G S B K N D X O U L V A P J W E M T I H  
V '  X L O Z A P II E N O S G C I W V R M F' B Y K J U Q T  
U C V I X N F' T K S G E II P Q Y R Z J O N L O B I'I A U  
T P lt Q C J O U O E H K T F A L Z X 8 I S V G N Y M I'I  

· s F Z A P B I I'I G K T O U O M V X C N Q E R H S L J Y  
It O X M F N Q Y H D U G W I J R C P S A K Z T E V B L  
Q I C J O S A L T G W H Y Q B Z P F E M D X U K R N V  
P Q P B I E M V U H Y T L A N X F O K J G C li D Z S R  
0 A F N Q K J R W T L U V M S C O I O B II P Y G X E Z  
N M O S A D B Z Y U V W R J E P I Q G N T F L II C K X  
M · J I E M C N X L I'I R Y Z B K � Q A H S U O V T P D C  
L B Q K J H S C V Y Z L X N O O A M T E II I R U F G P  
K N A O a T E P R L X V C S G I M J U K Y Q Z W O H F  
1· S M G N U K F Z V C R P E 11 Q J B If 0 L A X Y l T 0 
I E J II S II D O X R P Z F K T A B N Y G V M C L Q U I  

H K B T E Y G I C Z F X O D U M N S L H R J P V A W Q  
0 D N U K L H Q P X O C I G W J S E V T Z B F R N Y A  
F G S W D V T A F C I P Q H Y B E K R U X N O Z J L M  
E II E Y G R U M O P Q F A T L N K D Z I'I C S I X B V J  
i> T K L H Z I'I J I F A O M U V S D G X Y P E Q C N R B  
0 U O V T X Y 8 Q O M I J II R E G H C L F K A P S Z N  
B W G R U C L N A I J Q B Y Z K H T P V O O M F E X S  

UOIC PUIN·TI:XT UQU&NC&O POll C\Vl DIUCT 

. 0 4 7  
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A Y S P 0 T R H Z F N Q E A 0 C V U B G L W I K M J X .,; Y R H A Z J Q M X 0 T W B N P S K I 0 E F G L V U C 

z L E F G U Z T X 0 S A K M I P R W N II V Y Q 0 J B C , i L Z T M X B A J C I U Y N S F E 0 Q G K 0 II V R W P 

y V K 0 H W X U C I E M 0 J Q F Z Y S T R L A G B N P y V X U J C N M B P Q W L S E 0 K G A H 0 I T R Z Y f 

X R 0 I T Y C W P Q K J G B A 0 X L E U Z V N H N S f X R C W B P S J N F A Y V E K I 0 H N T G Q U Z X L 0 

w Z G Q U L P Y f A 0 B H U M I C V K W X R J T S � 0 w Z P Y N f E B S 0 M L R K 0 Q G T J U H A W X C V I 

v X H A W V F L 0 M G N T S J Q P R 0 Y C Z B U E K I v X F L S 0 K N E I J V Z 0 G A H U B W T M Y C P R Q 

u C T M Y R 0 V I J H S U E B A F Z G L P X N W K 0 Q v C 0 V E I 0 S K Q B R X G H M T W N Y U J L P f Z A 

T P U J L Z I R Q B T E W K N M 0 X H V F C S Y 0 G A T P I R K Q G E 0 A N Z C H T J U Y S L W B V F 0 X M 

8 F W B V X Q Z A N U K Y 0 S J I C T R 0 P E L G � M s F Q Z 0 A H K G M S X P T U B W L E V Y N R 0 I C J 

R 0 Y N R C A X M S W 0 L G E B Q P U Z I F K V H T J R 0 A X G M T 0 H J E C f U W N Y V K R L S Z I Q P B 

Q I L S Z P M C J E Y G V H K N A F W X Q 0 0 R T � B Q I M C H J U G T B K P 0 W Y S L R D Z V E X Q A F N 

p Q V E X F J P B K L H R T D S N O Y C A I G Z U W N  p Q J P T B W II U N D f I Y L E V Z G X R K C A M 0 S 

0 A R K C 0 B F N D V T Z U G E J I L P W Q H X W Y S 0 A B F U N Y T W S G 0 Q L V K R X H C Z D P M J I E 

N M Z D P I N 0 S G R U X W II K B Q V F J A T C Y L E N N N 0 W S L U Y E H I A V R D Z C T P X G F J B Q K 

M J X G F Q S I E H Z W C Y T 0 N A R 0 B M U P L V K M J S I Y E V W L K T Q N R Z G X P U F C II 0 B N A D 

L B C H 0 A E Q K T X Y P L U G S M Z I N J W F V R 0 L D E Q L K R Y V D U A J Z X II C F W 0 P T I N S M G 

K N P T I M K A D U C L F V W H E J X Q S D Y 0 R Z G K N K A V D Z L R G W M B X C T P 0 Y I F U Q S E J H 

J S F U Q J D M G W P V 0 R Y T K B C A E N L I Z X H l S D M R G X V Z II Y J N C P U F I L Q 0 W A E K B T 

I E 0 W A B G J H Y F R I Z L U D N P M K S V Q X C T I E G J Z H C R X T L B S P F W 0 Q V A I Y M K D N U 

n K I Y M N H B T L 0 Z Q X V W G S f J D E R A C P U H K H B X T P Z C U V N E F 0 Y I A R M Q L J D G S W 

0 D Q L J S T N U V I X A C R Y H E 0 B G K Z M P F W 0 D T N C U F X P W R S K 0 I L Q M Z J A V B G II E Y 

F G A V B E U S W R Q C M P Z L T K I N H D X J F � Y  F G U S P W 0 C F Y Z E D I Q V A J X B M R N H T K L 

E H M R N K W E Y Z A P J F X V U O Q S T G C D O I L  E H W E F Y I P O L X K G Q A R M B C N J Z S T U D V  

. D T J Z S D Y K L X W F B O C R W G A E U H P N I Q V  D T Y K 0 L Q F I V C D H A M Z J N P S B X E U W G R 

0 U B X E G L D V C J 0 N I P Z Y H M K W T F S Q A R 0 U L D I V A O Q R P G T M J X B S F E N C K W Y H Z  

B W N C K H V G R P B I S Q F X L T J D Y U 0 E A W Z B W V G Q R M I A Z F H U J B C N E 0 K S P D Y L T X 

a&elo PUIN..,..CI.T &I:QtJ&NCEe roa CW2 DIJUCT 
BAllO UAtN-UXT lllQUaMCBI roa CW3 DllliC1' 

··..._ 

,... ,... 0 4 8  

r . _ ... ·-



92 
�Utnc 

A Y S J U F V U W O R L K X H O O Z P G H Q B E ! r T  
z L E B W 0 R J Y G Z V 0 C S I P X F H T A H K M Q U 
y V K H Y I Z B L H X R G P E Q F C 0 T U M S 0 J A W 
X R 0 S L Q X N V T C Z H F K A 0 P I U W J E G 8 M Y 
w Z G E V A C S R U P X T 0 0 M I F' Q W Y B K II N J L 
v X H K R M P E Z W F C U I G J Q 0 A Y L N 0 T S B V 
u C T D Z J F K X Y 0 P W Q II B A I M L V. S (J U E N ,R 
T P U G X B 0 0 C L I F Y A T N M Q J V R E H W K S Z 
8 F W H C N I G P V Q 0 L M U S J A B R Z K T Y 0 E X 
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Underlined type donot.eo wboelo In reveroed poel\lone. 
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TABLII J 

B 
1 

M lZ 2tl 3G 4P 45 4Z lC 25 3Y 5U 55 
A 18 2V 2Y 3A 40 4V 6V lR lF 1Y 3M 3Z 4F QQ 5J ID:I 5C 6J 
Q 10 1M 20 25 30 50 2F 3F 45 4K 4A 6U 6C 6M §_Q 
I lQ lU lT lA 2R 2C 4L 5P 5Q 5W !_g 4P 4G 51 5lt GG 

0 2F 2E 35 4U 4E 5U 6W 5F 
F lH 2P 3P 4C 5K 6J 1 P 1 V 2A 61 40 4J 
P 3Y 3Z 4tl 65 2R 2P 2H 4V 5T 
0 2K 2M 2A 3C 3F 4M 6F 1E 3X 6A 
X 20 3L 3E 31 5R 5C 51 6E 61 2J 5G 5W 6P 6tl 6Y §!! 
Z 10 lR 41 6M 6P li 20 2Z 2V 30 3L 3G 3U 4U 
R 3V 4T 5H 6T lG lA 1U 2K 2G 3V 40 60 6F 6V 
V lF 2T 3U 4W 5V 6Y lL 1_X lW 311 4Z 5tl 5M 58 §.!! 
L 15 4Z 4F 6C 18 2U 5E 5V 6E 
Y 1W 1C 2L 40 4R 5E 5J 60 6U lZ 10 2tl 2M 
W 1 V lK 3Q 3T 3W 4A 4K 5Z 5tl 60 6L lJ 2X 41 4C � 4ld 6D 
U 2iV 4G 5T 6X 4T 6T 
T lE li lL 2U 21 3K 2L � 3W 5P 6K 
H lP 2X 5M 68 6F lH 2C 3A 3K 4H 5Y 5L 5K 6W 6L 
G 28 2H 2J 3H 5G 6R 10 1N 2E 2W 3R 4X 50 50 
D 6K lK gQ 5A 65 61 
K 1Y lX ltl 2Q 3R 4X 5X 5A 58 55 6tl 21 3C 38 � _g 4N � if! g 
E lG 2G 3M 48 4J 4Q 6A GQ 3N 3E 4W 4E 
B � � � � � W � 1T � n ro � � � � �  
N lJ 2Z 38 3N 4H 5F 6Z 1M 28 3T 3J 4Y 5Z 6X 

Underlined typo denoteo wboelo In �vcned pooltlono. 
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TAll .• M 
B lK 2A 3C 30 41 5G 6A 11 gA 35 _g 4J( � � 
1 

M 

A lA 20 3H 4Q 4T 4A 18 gfi 3X 5T 5R 
Q ro � U � fi � � � lE U � M fi 5P 51 W � U  
I lE ltl 2P 2T 3P 5E 2E 3E 1fi 4J 4Z 6T §.!! 6L §f 

0 1R lV lU 18 25 20 4M 5Q GR 5X .!f 1.Q 4F 511 Q! §E 
F 2G 2F 3T 4V 4F 5V 6X 5E 
P li 2Q 3Q 40 5L 6K 10 1U 2Z 2X 4N fi 
0 3Z 3A 40 6T gQ 20 2G £1 55 
X 2L 2N 28 30 3G 4N 6G 10 M 6Z 
Z � � � � � W 5J � 6J 21 � � � � g �  
R lP lS 4J 6N 6Q 1H E.Q 61 2U 3N 3K 3F 3T 4T 
V 3W 4U 51 6U lF lZ lT 61 gf 3U 4C 6N GE §!.! 
L lG 2U 3V 4X 5W 6Z !!i lW lV 3G 4Y ID! 5L M §A 
Y lT 4A 4G GO lA 2T 50 5U 60 
W lX 10 2M 4P 4S 5F 5K 6P 6V lY 1tl 2M lb 
U 1W 1L 3R 3U 3X 48 4L 5A 50 6E 6M !! 2W � 48 4P 4L §Q 

T 2X 4H 5U 6Y 4S 6S 
It lF lJ 1M 2V 2J 3L 2K 3C � 50 6J 
G lQ 2Y 5N 6C 6G lG 28 3Z 3J 4G 5X 5K 5J §Y 6K 
D 2C 21 2K 31 5H 65 lC 1M gQ 2V � 41'r 5C §!! 
K 6L 1J 2P 5Z 6R 6H 
E lZ 1Y 10 2R 35 4Y 5Y 58 5C 5T 60 2H 3B M 3P 311 4M 4K � 6Y 
B lH 2H 3N 4C 4K 4R 68 6R � 30 4V 40 
N M � � 9 � � U � D D � � � � � �  

Un�crllnod t7po denotco whoela ln �vened pool tiona. 
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TULZ A 

D 3Z 3F' 3L 5A 5N 5Q 6J lR .!.Q. £8 2M � 3N 4Z 5P §E. 
J" lL 28 30 3P 4J 5H 68 lK 2Z 3R 311 411' 5X 6V 

M 
A 
Q lB 2P 3I 4R 4U 48 !A gg 3'11 55 � 

I 10 2X 2A 3C 4F' 4X 6X 1P 10 HI 3K 3X 40 50 5H 5F' §A §!! . 
0 lf' 10 2Q 2U 3Q 5F' 20 30 1Q 1.1 4Y 65 6A 6K 60 
F lS 1\l lV lC 2T 2E 4N 5R 55 5Y 10 4N 4E 5G 5V 6E 
P 2H 2G 3U 411' 4G 5W 6Y 50 
0 lJ 2R 3R 4E 5M 6L W lT 2Y 2W 4M 411 
X 3A 38 4P 6U 2P 211 2F' 4T 5R 
Z 2M 20 2C 3E 3H 40 6H 1C 3V 6Y 
R 2F' 3N 3G 3K 5T 5E 5K 6G 6K 211 5E 5U 6N 6L.6" 6P 
V 1Q 1 T 4K 60 6R lG 28 2X 2T 3M 3J 3E 35 4S 
L 3X 4V 5J 6V lE lY lS 2I 5l; 3T 48 6M 60 6T 
Y lH 2V 3W 4Y 5X 6A lJ lV 1J.! 3F' 4X 5L 5K 5Z 6Z 
W lU 48 4H 6E lZ 2S 5C 5T 6C 
U lY lE 2N 4Q 4T 5G 5L 6Q 6W 1X HI 2L 2K 
T lX 1M 35 3V 3Y 4C 4M 58 5P 6F' 6tl lH 2V 4G 4A 40 4K· §.!1· 
H 2Y 4I 5V 6Z 4R 6R 
0 lG 1K lN 2\l 2K 3M 2J 38 3U 5N 6I 
D lR 2Z 50 60 6H lf' 2A 3Y 3I 4F' 511 5J 51 6U 6J 
K 20 2J 2L 3J 51 6T 18 lL 2C 2U 3P 4V 58 5M 
E 6M 1I 20 .QX §Q 6G 
S lA lZ lP 2S 3T 4Z 5Z 5C 50 5U 6P 2G 3A 3Z 30 QQ 4L 4J 4P 6X 

N li 2I 30 40 4L 4S 6C 6S 3L 3C 4U 4C 

Underlined typo dcnot .. whcclt In rovcroed pooltlooo. . . 

J05 

TnL• Q 

D 1J 2J 3P 4E 4N 4T 60 6T 3K 38 1J. 48 
J" � � � � � � � .!.Q. 1P gg n & � � � �  

M 1M 2C 3E 3Q 4K 51 6C H 2Y � 3G 4V 511 6U 
A 
Q 
I lC 2Q 3J 45 4V 4C lZ 2P �1 5R 5P 

0 1E 2Y 2D 30 4G 4Y 6Y 10 lC .!Y 3J 3W 4C 5N 5G 5E � §g 
F . lG lP 2R 2V 3R 5G 2C 3C 4P 4H 4X 6R 6Z 6J GN 
P 1T lX llf 10 2U 2F' 40 5S 5T 5Z lN 4M 40 5F' 5U 60 
0 21 2H 3V 4X 4H 5X: 6Z 5C 
X 1K 2S 3S 4F' 5N 6M 1M 15 2X � ,1l! 4G 

Z 38 3C 4Q 6V 20 2M 2E § �Q 
R 2N 2P 20 3F' 31 4P 61 lB � §! 
V 2G 30 311 3L 5U 5F' 5L 6H 6L 2G 50 QI 6M 6K 6V §Q 
L 1R lU 4L 6P 6S lF g.A &Jf g§ � 31 30 3R 4R 
Y 3Y 411' 5K 61f 10 1X !B 2H @ � 4A 6L 6C 6S 

W ll 211' 3X 4Z 5Y 68 li lU 1T 3E 4W 5K 5J 5Y 6Y 
U 1V 4C 41 6F' lY 2R 58 � §.!! 
T 1Z 1F 20 4R 4U 5H 5M 6R 6X J.! .il. 2K 2J 
H lY lN 3T 31'1 3Z 40 4N 5C 5Q 6G 60 1G 2U 4F' 4Z 4N 4J §A 
0' 2Z 4J 51f 6A 1Q §Q 
D lH lL 10 2X 2L 3N 21 3A � 5M 611 
K 15 2A 5P 6E 6! lE � 3X � g 5V 51 5H 6T GI 
E 2E 2K 2M 3K 5J 6U 1A !K 28 &! 30 4U 5A 5L 
8 6N lH 2N 5X 6P 6F 
N 1B lA lQ 2T 3U 4A 5A 50 5E 5V 6Q 2F 3Z 3Y 3N 3F' .1!S fi �Q §! 

Underlined type dcnotco wheel• In rev•rwcd pooltJono. 

0 5 5  



..__ 

lOG 

TuL• I 
B 1C 18 1R 2U 3V 48 58 5E 5F 51\' SR 2E 3Y .M � M,; 4J 4H � � 
r 1K 2K 3Q 4F 4N 4U 6E 6U 3J 3A 4S 4A 

M 38 311 3N 5C 5P 5S SL lP 10 2P 2K 30 3L 4X 5N §.Q 
A 1N 20 3F 3R 4L 5J 60 li 2X 3P 3F' 4U 5V §! 
Q 
I 

0 10 2R 3K 4T 4W 40 1 Y 20 � §g 50 
F 1F 2Z 2C 3E 4H 4Z 6Z 1N lQ .ill 3! 3V 48 5M 5F 50 5Y ,ru: 
P 1H 1Q 2S 2W 3S 5H 28 38 40 4G 4W §q 6Y SI 611 
0 lU lY 1X 1E 2V 2G 4P 5T 5U 5A 1M 1!. 4C 6E 5T 2Q 
X 2J 2I 3W 4Y 4I 5Y 6A 58 
Z 1L 2T 3T 4G 50 6N 1L 1R 2W 6Jl 4K 4F 
R 3C 30 4R SW 2N 2L 20 4R � 
V 20 2Q 2E 3G 3J 4Q 6J lA 3T 6W 

L 21-1 3P 3! 3M 5V 5G 5M SI SM &f: � � fi.!. §,l ID,! §!! 
Y lS lV 4M 6Q 6T lE 2Z � � � 3H 3C � � 
W 3Z 4X 5L 6X 1 C 1 W � 2G 2C � 4Z 6K 68 SR 
U lJ 2X 3Y 4A 5Z 6C lH 1 T lS 30 4V 5J 51 6X §! 
T 11'1 40 4J SG lX gg 5A 5R 6A 
H lA lG 2P 4S 4V 51 5N 6S GY lV !K 6J. Z! 
0 lZ 10 3U 3X 3A 4E 40 50 5R SH 6P lF 2T 4E 4Y 411 !I g 
D 2A 4K 5X 68 4P 6P . 
K li 1M lP 2Y 2M 30 2H 3Z 3S 5L 6G 
E lT 28 5Q SF 6J 10 2Y 31\' 3G 40 5U 5H 5G 6S 6H 
8 2F 2L 2N 3L 5K sv 1Z lJ 2A � 3N � 5Z M 

N 60 lG 2M 5W SO 6E 
Underllned lype denoleo wheeJ. In rove..ed pooiUono. 
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Tn .. o 
B 6P !E 5_b 5V 611 60 
l 10 lC lS 2V 3W 4C 5C 5F 5G 5X 6S 20 3X 3W � � 41 4G � §.!.! 

M lL 2L 3R 4G 40 4V SF 6V _;u 3Z � 4Z 
A 3C 31 30 GO 5Q 5T 6M !Q .ill 20 2J 3N illS i!! � §Q 
Q 10 2E 3G 3S 4M 5K SE .ill 6J! ilQ 3E � � 6S 
I 
0 
F lE 2S 3L 4U 4X 4E lX grj � 5P 5N 
P lG 2A 20 3F 41 4A SA 1M .lA l.I >ill ill.! 4A §1. � � 6X g 
0 li 1R 2T. 2X 3T 51 � M 4N 4F 4V 6P 6X 6H m. 
X 1 V 1Z 1 Y 1F 2W 2H 4Q 6U 5V 58 !!t 11£ 48 .§.!2 5S §.Q 

Z 2K 2J 3X 4Z 4J 5Z SB §A 
R 1M 2U 3U 411 5P 60 lK � � &J: 4J 4E 
V 30 3E 4S 6X 2M 2K 2C 19 � 
L 2P 2R 2F' 31-1 3K 4R 6K lZ 3S 6V 
Y U � 3J � � � � 6J � � � � � � � �  

W lT lW 4N 6R 6U 10 2Y Ell gg � 3G 38 3P 4P 
U 3A 4Y 5M 6Y lB lV lP 2F � � 4Y 6J 6A §q 
T lK 2Y 3Z 48 5A 60 lG lS !.B � 1\l 51 5H ID! � 
H 1X 4E 4K SH 11f 2P 5Z §g 6Z 
0 18 lH 2Q 4T 4W 5J 50' 6T 6Z lU L! 21 2H 
D 1A lP 3V 3Y 38 4F 4P 5E 5S 6I SQ lE 2S 40 � 1!. 411 SY 
K 28 4L 5Y 6C 40 SO 
B lJ 1N 1Q 2Z 2N 3P � 3Y � M 6F 
8 lU 2C 5R 6G 6K lC 2X � � 4C 5T 5G 5F §B � 

N 2G 2M 20 311 5L Sir lY li � lB 3M 4S 5Y .!2,1. 
Uoderllood l7pe denoleo wbeeJ. In rovenod potiUooa . 
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TAnL!l •• 

B 2H 2N 2P 3N 5M 6X l! ill 2Y 6.Q 3L 4R 5X 51 
1 6Q lE 2K 5U 6M 6C 

M lE 10 lT 211 3X 40 50 5G 5H 5Y 6T 2C 3\V 3V 3K 3C 1J{ 4r � §I 
A 1M 2M 3S 411 4P 411 6G 611 3H 3Y 1Q 4Y 
Q 30 3J 3P 5E 5R 5U 6N lN 1M 2N 21 3M 3J .11 5L 6B 
I lP 2F 3H 3T 4N 5L 6F lG � 3N 30 4S 5T §!! 

0 
F 
P lf' 2T 3M 4V 4Y 4f' lW 2M 3S 50 5M 
C lH 28 2E 3G -IJ 48 68 lL lZ IS 3G 3T 4Z 5K 50 58 511 60 
X lJ IS 2U 2Y 3U 5J 2Z 3Z 41A -IE 4U 60 611 6G 6K 
Z lW lA lZ lG 2X 2! 4R 5V 511 5C lK 4J 4A 5C 5R §! 
R 2L 2K 3Y 4A 4K 5A 6C 5Z 
V lN 2V 3V 4! 5Q 6P lJ lP 2U 2S 4! 1Q 
L 3E 3f' 4T 6Y 2L 2J 28 -IP 5N 
Y 2Q 2S 2G 3! 3L 4S 6L lY 3R 6U 
W 2J 3R 3K 30 5X 51 50 6K 60 20 SA llil 6J 6H 6S 6L 
U lU lX 40 6S 6V lC 2X 2T 2P 3! 3f' 3A 30 40 
T 38 4Z 5N 6Z lA lU 10 2E 2A 3P 4X 6! 6Z 6P 
H lL 2Z 3A 4C 58 61': lF' 

.!B � 3B 1! rill DG DV 6V 
0 lY 4f' 4L 61 lV 20 5Y 5P 6Y 
D lC li 2R 4U 4X SK 5P 6U 6A lT li 2H 2G 
K 18 lQ 3\Y 3Z 3C 4G 4Q SF ST 6J 6R lD 2R 4C ·4w .4K -IG 6X 
E 2C 4M SZ 60 4N 6tl 
s lK 10 lR 2A 20 3Q 2F M � 5J 6E 
N lV 20 SS 6H 6L lB 211 illl 3E 48 SS SF 5E §g 6F 

Underlined type deuo� ... toeelo In re•eroed JlOtllllono. 

109 

TuLal' 

B llf 2E 5T 6! 6M lA 2V 3T 30 4A §!! 5E 50 6P g 

1 21 20 2Q 30 6N 6Y 11'1 lG � gf M 1Q M §l:! 
M 6R 10 &! ST 6L 68 
A lF lE lU 2X 3Y 4E 5E 5H 51 SZ 6U 28 � illl 3J 3D 4G 4E 4K 6S 
Q lN 2N 31' 41 4Q 4X 6H 6X 3G 3X 4f' 4X 
I 3E 3K 3Q SF 55 SV 60 1M lL 2M 211 3L ll 4U QK 6A 

0 lQ 2Q 3! 3U 40 SM 6G lf' 2U 3M JQ 4R !.iS §g 
F 
p 
0 lG 2U 3N 411 4Z 4G lV gr. � 6N 5L 
X li 2C 2f' 3H 4K -IC 6C lK lY lR 3F 3S -IY 6J 5C SA 5V §£ 

Z lK 1T 2V 2Z 3V 5K 2Y 3Y 4L -10 <IT 6N §Y 6F 6J 
R lX 18 lA HI 2Y 2J -IS 511 5X 50 lJ � 4Z 58 §g 6Z 
V 2M 2L 3Z 48 -IL 58 60 5Y 

L 10 211 311 4J 5R 6Q li 10 2T 2R -II� 4C 
y 3F 3G -IU 6Z 2K E! 2A 1.2 SM 
W 2R 2T 211 3J 3M <IT 6M 1X � 6T 
U 2K 3S 3L 3P 5Y 5J SP 6L 6P 2C !>Z SP 6! 6G §!! §K 

T 1 V lY 4P 6T 6W 18 2W 2S gQ 3H ;g 3Z 3N 41� 
H 3C 4A 50 6A lZ lT lN 20 � 30 411 6H 6Y 60 
0 1M 2A 38 40 5C 6F' 1E !Q lP 3A � 5G SF ill! ill! 
D lZ 4G 4M 6J lU 2N 5X 50 6X 
K 10 lJ 2S 4V 4Y 5L 5Q 6V 68 IS lH 2G gf 
E lC lR 3X 3A 30 411 4R SG 5U 6K 6S lC 6.Q 48 1.Y 4J 4F 6W 
8 20 4N 6A 6E 4M 6M 

N lL lP lS 28 2P 3R 2E 311 3P 51 60 

Undtrllned type denoteo ,.·b.rlo In revtned po<tlllone. 

TIU._.,__. 
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TAaLa C 

B 1M lQ lT 2C 2Q 35 20 3V 30 Q!J 6C 
J lX 2F 5U 6J 6N lZ 2U 35 3C 4Z QQ 50 5C 60 60 

M 2J 2P 2R 3P 50 6Z lV lF 2W 20 3J 4P 5V 6G 
A 65 lC ll 55 � 6A 
Q lG lF lV 2'i 3Z 4F 5F 61 5J 5A 6V 211 3U 3T ll 3A 4F 40 4J §B 
I 10 20 3U 4J 4R 4Y 61 6Y 3F 3\l 40 1.'1! 

0 3F 3L 3R 5G 5T 5W 6P lL lK 2L � 3K 311 4T 5J � 
F lR 2H 3J 3V 4P 5N 611 lE 2T 3L 3B � 5R 6P 
p 
0 
X lH 2V 30 4X 4A 4H lU 2K � 51.1 5K 
Z lJ 20 2G 31 41.. 40 60 lJ lX � 3E 3R 4X 51 58 g IDJ. §.!! 
R lL lU 2W 2A 311 5L 2X 3X 4K 4C 45 6M 6U 6E §! 
V lY lC lB 11 2Z 2K 4'f 5X 5Y 5E li 4H 4Y §A §.f 2! 
L 2N 2M 3A 4C 4rA 5C 6E 5X 
Y lP 2X 3X 4K 55 6R !!.! lN 25 gg 4G 4B 
W 3G 311 4V 6A 2J gu 2Z 4tl 5L 
U 25 2U 21 3K 3N 4U 6N lW 3P 65 
T a � 9 � � � � � � � 5Y � � 6F � 6J 
H lW lZ 4Q 6U GX lA ,&y 2R 2N 3G 30 3Y 3M 4M 
0 30 4B 5P 6B lY 15 1M 2C 2Y 3N 4V 6G 6X 6N 
D 111 2B 3C 4E 50 6G 10 lP 10 3Z 4R 5F 5E 5T GT 
K lA 411 4N 6K lT 2M 5W 5N 6W 
E lE lK 2T 4W 4Z 5M 5R 6W 6C lR lG 2F 2E 
8 10 15 3Y 3B 3E 41 45 5H 5V 6L GT lB 2P 4A 4U 41 4E 6V 
N 2E 40 5B 6F � §!t 

Underlined trpc donotao wbeelo In r .. eraod pooltlon .. 

111 

T.uLB X 
D 2F 4P 5C 6G 4K 6K 
1 lN lR lU 20 2R 3T 2C ill,! 3tl Q2 6B 

M lY 2G 5V 6K 60 lY 2T 3R 3B 4Y 5P .2.Q .§!! 6N g 
A 2K 2Q 2S 3Q 5P GA 1U lE 2V gH JI .1Q .!ill � 
Q 6T lB 211 5R 6J 6Z 
I Ul 1G lit 2Z 3A 4G 5G 5J 5K 5B 61'1 2Z _;u 35 3H 3Z 4E 4C 41 � 

0 lP 2P 3V 4K 45 4Z 6J 6Z 3E 3V 4N 4V 
F � 9 � � W 9 � B lJ H 2F 3J � � g 6Y 
p 15 21 3K 31'1 4Q 50 61 1D � � M 4P QQ §.Q 
0 
X 
z li 21f 3P 4Y 48 41 lT � E 5L 5J 

R lK 2E 211 3J 4M 4E 6E ll lit lP 30 � 4" 5H 5A 5Y 5T 6A 
V 1M lV 2X 28 3X 5M 21'1 3" 4J 4B 4R §!t 2J: §Q 6H 
L lZ 10 lC lJ 2A 2L 4U 5Y 5Z 5F lH 4G ,1! � ID! .§! 
Y 20 2N 3B 40 4N 50 6F 5" 
W lQ 2Y 3Y 4L 5T 65 lG 111 � 2P 4F 4A 
U 3H 31 4W 6B 2! 2G 2Y 4M §!S 
T 2T 2V 2J 3L 30 4V 60 !� 30 §B 
H � � � � M � 9 � ffi � 9 M � R � 61 
0 lX lA 4R 6V 6Y lZ 2U gg 2M 3F QQ M 3L itt 
D 3E 4C 5Q 60 lX lR lL 28 2X �M 4U 6F 6" 6M 
K 10 2C 30 4F 5E 6H 10 10 lN 3Y � 5E §Q � � 
E lB 41 40 6L 15 2L 5V 5M 6V 
8 lF lL 2U 4X 4A 5N 55 6X 60 !R lF 2E 20 
N lE lT 3Z 3C 3F 4J 4T 51 51t 6M 6U !A � 4Z 4T 4H 40 §ll 

UndorUoed type dcnotao wbeelt In n>ve,_j pooltloos. 
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Tun Z 

D lF' lU 31\ 3D 3G 4K 4U 5J 5X 6N 6V lZ 2N 4Y 4S � 1Q 6T 
J 2G 4Q 50 6H 4J GJ 

l'>! 10 lS lV 2E 2S 3U 28 3T 3M 5F 61\ 
A lZ 211 51'1 6L 6P lX 2S illl 3A 4X 50 58 51\ 6M 68 
Q 2L 2R 2T 3R 5Q 68 lT 10 2U 2M 31-1 4N 5T 5E 
I 6U lA 2G QQ 61 6Y 

0 li lH lX 21\ 38 411 5H 5K 5L 5C 6X 2Y 3S 3R 3G 3Y 40 413 411 6P 
F lQ 2Q 31'1 4L 4T 4A 6K 61\ 3D 3U 4M 4U 
P 3H 3N 3T 51 5V 5Y 6R lJ li 2J 2E 31 3F 4R 5H 6X 
0 lT 2J 3L 3X 4R 5P 6J lC 2R 3J 3Z 40 5P 6N 
X 
z 
R lJ 2X 3Q 4Z 4C 4J lS 21 30 5K 51 
V lL 2F 21 3K 4N 4F 6F .!!.! lV 10 3C 3P 4V 5G 5Z 5X 5S 6Z 
L ltl 11'1 2Y 2C 3Y 5N 2V 3V 41 41\ 1Q GK GS GC 6G 
Y lA lE lD lK 28 2M 4V 5Z 5A 5G lG 4F 41'1 5Y 5N 6W 
W 2P 20 3C 4E 40 5E GG 5V 
U lR 2Z 3Z 4M 5U 6T lF lL gQ 20 4E 4Z 

T 31 3J 4X 6C 2H 2F' 2X 4L 5J 
H 2U 2W 2K 3M 3P 4\'1 GP lU 3N §g 
o � � � � � � � w � n � � & W W ffi 
D lY 18 4S 6W 6Z lY 2T 2P 2L 3E 38 3W 3K 4K 
K 3F 40 5R 60 lW Jjl lK 21\ 2W 3L 4T 6E 6V 6L 
E lP 2D 3E 4G 5F 61 18 lN 1M 3X 4P 50 5C 5R GR 
S lC 4J 4P 6M lR 2K 5U 5L 6U 
N lG 1M 2V 4Y 48 50 5T 6Y 6E lP lE 20 2C 

Underlined tyJ>e dcoolt'1! wloccls in reversed pooiUons. I 

·ll:l 

T•""" n 
D 111 lN 2W 4Z 4C 5P 5U GZ 6F' 10 1D _gQ 28 
J lG lV 38 3E 31-1 4L 4V 5K 6Y 60 6W il 2M 4X 4R 4F 40 § 

M 2H 4R 5E 61 41 61 
A lP lT lW 2F 2T 3V Yt � � � 6Z 
Q lA 21 5X 6M 6Q lW 2R 3P 3Z 4W 5N 5A � 6L 6A 
I 2M 25 2U 3S 5R 6C 15 !.Q 2T 2L 3G 1M 55 50 

0 6V lZ 2F' .Qf 611 §! 
F lJ l i  lY 2B 3C 41 51 5L 5M 50 6Y 2X 3R � 3F 3X 4C 4A 4G 60 

P lR 2R 3X 4M 4U 48 6L 68 3C 3T 4L 4T 
0 31 30 3U 5J 5W 5Z 6S li .!!.! 21 20 31-1 3E 1Q 5G 61'1 
X lU 2K 3M 3Y 4S 5Q 6K lB gQ 31 3Y 4N 50 6M 
z 
R 
V lK 2Y 3R 41\ 40 4K lR 2H 3M 5J 51-1 
L 1M 2G 2J 3L 40 4G 6G lG lU 1M 38 ;l.Q 4U 5F 5Y 51'1 §fi 6Y 
Y 10 lX 2Z 20 3Z 50 2U 3U 411 4Z 4P 6J !ill 68 6F 
W lB lF lE lL 2C 2M 4\V SA 58 5H lF 4E 4V 5X 51& 6V 
U 2Q 2P 3D 4F 4P 5F 6H 5U 
T 15 2A 3A 4M 5V 6U lE lK 2P 2N 40 4Y 
ll 3J 3K 4Y 60 2G 2E 2\l 4K 51 
0 2V 2X 2L 3N 3Q 4X 6Q lT 3M 6P 
D � � � � � � � & � H � � H � � �  

K lZ lC 4T 6X 6A lX 25 20 2K 3D 3A 3V 3J 4J 
E 3G 4E 55 6E lV lP lJ 2Z 2'/ 3K 4S 60 6U 6K 
8 lQ 2E 3F 4H 5G 6J 11\ 1M lL 31'1 40 .2Q 2.!! � §Q 
N 10 4K 4Q 6N Jjl 2J 5T 5K 6T 

Underlined t7p0 denotes whcelo In rovcrocd J><>&IUous. 
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TuL• V 
B 1E 4L 4R 60 1P 2I 5S 5J GS 
J li 10 2X 4A 40 5Q 5V GA 6G 111 lC 28" 2A 

1\I HI 1\V 3C 3F 3I 4/4 4W 5L 5Z GP GX IX 2L 4\V � 4E 1! §B 
A 21 4S 5F' 6J .1!J 2!..! 

Q lQ lU IX 2G 2U 3\V 2Z 3R 3K 50 GY 
I 18 2J 5Y GN GR 1 V gg 30 3Y 4V 5M 5Z 5Y GK 6Z 

0 2N 2T 2V 3T 5S 60 li! !!! 2S 2K 3F 4L 5R 5C 
F 6W lY 2E 50 6G 6W 

P lK 1J lZ 2C 30 4J 5J 5M 5N 5E GZ 211 � 3P 3E 319 40 � � §!:1 
0 1S 2S 3Y 4N 4V 4C 6M 6C 38 � 4K 4S 
X 3J 3P 3V 5K 5X SA GT lH lG 211 2C 3G 30 4P SF GV 

Z 1 V 2L 3N 3Z 4T 5R GL lA 2P 3H 3X 4M 5N 6L 
R 
v 
L lL 2Z 3S 48 4E 4L � gQ 3M 51 5G 

Y lN 2H 2K 3M 4P 4H 6H lF lT 1M 3A 3N 4T 5E 5X SV §g §! 

W 1P 1 Y 2A 2E 3A SP � 3T 4G 4Y 40 6I §g 6A 6E 
U lC lG lF 1M 20 20 4JC 58 SC 51 lE 40 4U 519 5L GU 
T 2R 2Q 3E 4G 4Q 5G 61 5T 
IT lT 28 38 40 519 GV 10 lJ 20 2M 4C 4X 
0 3K 3L 4Z 6E 2F 20 2V 4J 5H 
D 2W 2Y 2M 30 3R 4Y 6R lS 3L 60 

K 2P 3X 3Q 3U 50 50 5U 6Q 6U 2X 5U 5K 60 68 6M §! 
E 1A 10 4U GY 6B lW 2R � 2J 3C 3Z 3U 3I 41 
8 3H 4F 5T 6F lU 10 li 2Y 2U 3J 4R 6C GT 6J 

N lR 2F 3G 41 5H GK ll lL lK 3V 4N 58 SA 5P 6P 

Undrrllned type denote. wbeela In ronraed �lloDL 
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TAal..• J, 
D IS 2G 311 4J 51 6L 1 Y lK 1J � 414 SA 5Z 50 60 
1 1F 4M 4S GP 10 � 5R £I §..� 

M lJ lP 2Y 40 4E 5R 5W 68 6B !� 10 2A 2Z 
A li IX 30 3G 3J 4N 4X 51o! SA 6Q GY l.! ,&K 4V 4P 40 � 2_q 
Q 2J 4T SG GK �g 6G 
I lR 1 V 1 Y 211 2V 3X 2Y Jg 3J 5C GX 

0 lC 2K sz 60 6S lU 2P 3N M 11.! 5L 5Y 5X 6J 6Y 
F 20 2U 2W 3U ST 6E � lA lfi � 3E � � 58 

P 6X 1X 20 5N 6F GV 
0 lL lK .lA 20 3E 4K 5K 5N 50 SF 6A 2V 3P 30 30 3V 4A 4Y 4E 6M 
X lT 2T 3Z 40 4W 40 GN 60 3A 3R 4J 4R 

Z � � � � � � OO lG lF � � � � � $ �  
n 1W 21.1 30 3A 4U 5S 6M lZ 20 3G � � 5M 6K 

v 
L 
Y 1M 2A 3T 4C 4F 4M 1P 2F 3L � SF 
W 10 21 2L 3N 4Q 4I 61 IE IS !1 3Z 3M 4S 50 519 5U SP §![ 

U 1Q lZ 28 2F 38 5Q 2S 3S 4F � 4N §!! GP GZ 60 
T 10 1H lG IN 2E 2P 4Y 5C 50 5J 10 4C 4T 5V 5K §I 
H 2S 2R 3F 4B 4R 5H 6J SS 

0 1U 2C 3C 4P 5X 6W lC li 2N � 48 4W 

D 3L 3M 4A 6F 2E 2C 2U 4I 5G 
K 2X 2Z 2N 3P 3S 4Z 6S lR M 6N 

E � M � 3V $ � � � M � � � � U � �  
8 18 1E 4V 6Z 6C 1 V gg 21A g! 38 3Y 3T 3H 4H 

N 31 4G SU 6G 1 T 1N HI E! 2T 31 � 68 � 61 

Underlined t1re d�nolea whffi• In ro•enod poolllono. 
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l'ABL. Y 
D 3J -IH 5V 6H lS 1M lG 2W 25 311 -IP 6A 6R §!:! 
J 1 T 211 31 -IK 5J 6M lX 1J li 3T -IL 5Z 6Y 5N Gtl 

Ztl lG -Ill -IT 6Q 1N 2G � 5H � 

A 1K 1Q 2Z 4C 4F 5S 5X 6C 61 lL 1A EZ 2Y 

Q 1J lY 3E 311 3K 40 4Y 5N 58 6R 6Z 1V 2J -IU � 4C 4Y §f 
I 2K 4U 511 6L 4F' 6F 

0 15 lW lZ 21 2W 3Y 2X 3P 31 58 611 
F 10 2L 5A 6P 6T 1T 20 3M 3W 4T 5K 5X 5W 61 §! 
P 2P 2V 2X 3V 5U 6F 1P 1Z � 21 30 4J 5P §A 
0 GY !!! 2C 5M 6E 6U 
X 1M lL 18 2E 3F -IL 5L 50 5P 5G 68 2U 30 311 3C ;N 4Z 4X 40 6L 
Z lU ?.U 3A 4P 4X 4E: 60 6E: 3Z � 41 � 
R 3L 3R 3X 5M 5Z 5C 6V lF lE 2F 2A 3E 38 4N 50 6T 
V lX 2N 3P 38 4V 5T 6N lY 2N 3F 3V !ffi 5L §i 
L 
y 
W lN 28 3U 40 4G 4N 10 � 3K 5G 5E 
U lP 2J 2M 30 4R 4J 6J 10 lR lK 3Y 3L 4R 5C 5V 5T §.2 6V 
T lR l A 2C 2G 3C 5R 2R 3R 4E 41'1 4M GG 60 6Y 6C 
n lE l i  lH 10 2F 2Q 4Z 50 5E 5K lC 40 45 5U 5J 65 
0 2T 25 3G 41 45 51 6K 5R 
D lV 20 30 4Q 5Y 6X 18 lH 2M 2K 4A 4V 
K 3M 3H 48 GG 20 28 2T 4H 5F' 
E 2Y 2A 20 3Q 3T 4A 6T 19 3J 6M 
8 2R 3Z 35 3W 5F' 5Q 5W 6S 61f 2V 55 51 68 GZ 6K 60 

' N lC lF' 4W 6A 60 lU 2P 2L 2H 3A 3X 35 3G 1Q 
Underlined type drnoko " ht'Cio In rever&ed I>OOIUono. 

1 1 7  

Tn�• W 
D 10 lG 4X 68 6E IT 20 2K 2G 3Z 3W 3R 3F' .1E 
1 3K 41 5W 61 lR 1L lF' 2V � 3G 40 67. � §{; 

M lU 21 3J 4L 5K GN HI 11 111 35 4K 5Y §! � 6�1 
A 111 40 4U 6R• !M 2F' 5P 5G 6P 

Q lL 1R 2A 40 4G 5T 5Y 60 6J lK lZ 2Y 2X 

I lK lZ 3F' 31 3L 4P 4Z 50 5C 6S 6A ll! 21 4T 4N 48 4X §Q 
0 2L 4V· 51 GM 4E 6E 

F lT lX lA 2J 2X 3Z 211 30 311 5A 6V 
P 1E 2M 58 GQ 6U 15 2N 3L 3V 45 5J 511 5V 6H 611 
0 2Q 21'1 2Y 31'1 5V 6G 10 lY 2P 2H 3C 11. 60 g 
X 6Z 1 V 20 §!, 60 6T 
Z lN 1M lC 2F' 3G JIM 5M 5P 5Q 511 6C � 3N 3M 38 3'r 4Y � 4C GK 

R lV 2V 38 4Q 4Y 4F' 6P 6F 3Y 3P 4H 4P 
V � � � � � W � lE lO � U � M � S �  

L 1 Y 20 3Q 3C 4W 6U 60 lX 2M 3E ;N .14. 5K 61 
y 
w 
U 10 2C 3V 4E 4H 40 lN 20 3J 5F 50 
T lQ 2K 2N 3P 45 4K 61< lC 19 lJ 3X 3K 1,g 58 ill.! � 5N 6U 
H 15 lB 20 2H 3D 55 � illl 40 4V �1 6F !lli 6X 6B 
0 lF' lJ li 1P 2G 2R 4A 5E 5F 5L 18 1J1 4R 5T � §.B 
D 2U 2T 3H 4J 4T 5J 6L � 

K 111 2E 3E 4R 5Z 6Y lA lG 2L 2J 4Z 4U 
E 3M 30 4C 6H 2C Y1 25 4G 5E 
8 2Z 28 2P 3R 3U 48 6U lP 31 6L 
N � � M � GG � � � � w � a � � GJ GG 

Undorllned t1re denotes wheelo In ro•ereed pool tiona. 

0 8 1  
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Tun U 

B 2T 38 3U 3Y 5H 55 5Y 6U 6Y 2T Q.g 5G 6Z 6X §! 68 
J IE: IH 4Y 6C 6F IS E.!:! 2J 2F 3Y 3V � 3E 4E 

M 3L 4J 5X 6J lQ IK IE 2U E.g 3F 4N 6Y 6P 6F 
A IV 2J 3K 4M 5L 60 1 V 1H 1G 3R 4J 5X 5W 5L 6L 
Q li 4P 4V GS .!.!. 2E 50 £E 60 
I 1M IS 2B 4E 4H 5U 5Z 6E 6K lJ 1Y 2X 21r 0 IL 1A 3G 3J 3M 4Q 4A 5P 50 6T 68 .!! 2H 4S 4M 4A 4W ,IDi 

F 2M 41V 5J 6N 40 60 
P lU 1Y 18 2K 2Y 3A 2V 3N 3G 5Z 6U 0 1F 2N 5C 6R 6V JJ! 2M 3K 3U 4R 5! 5V §.![ 6G §Y X 2R 2X 2Z 3X 5W 6H HI 1! 20 2G 38 4H 5N 5Y 
Z 6A lU 2A 5K 6C 6S 
R 10 IN 10 2G 3H 4N 5N 5Q 5R 51 60 2S 3M 3L M � � � 48 � V 11r 2W 3C 4R 4Z 4G 6Q 6G 3X 30 4G 40 
L � M � � W � � m 1C W H � � 4L W �  
Y 1Z 2P 3R 30 4.X 5V 6P 1W 2L 30 3T .1! 5J 6H w 
u 
T IP 20 3W 4F 41 4P 1M 2C 3! 5E 5C 
H lR 2L 20 3Q 4T -IL GL lB lf li ill! 3J � 5A 5T J2.!! §M ,21: G 1T IC 2E 21 3E 5T 2P 3P 4C 4U 4K 6E 6M 6W 6A 
D 1G IK lJ 1Q 2H 2S 48 5F 5G 5M 1A 4Z iQ 55 §!:! §.Q 
K 2V 2U 3! 4K 4U 5K 6M 5P 
E 1X 2F 3F 4S 5A 6Z 1Z IF 2K 21 � 4T 
B 30 3P 40 6! 28 2Z 2R 1f 50 
N 2A 2C 2Q 3S 3V 4C 6V 10 3H IDS 

Underlinod lype denote. wbeet. In reverted poolllona. 

J '· 
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TABU T 

B 28 20 2R 3T 31r 40 6W 1N 3G 6J 
1 2U 3C 3V 3Z 51 5T 5Z GV 6Z 2S 5P 5F 6Y 6W §!i 6A 

M lF 11 4Z 60 6G !fi !!.M 2! 2E 3X 3U 3P 30 40 
A 3M 4K 5Y GK lP lJ .!Q 2T ZJ: 3E 4M GX ftQ §!:< 
Q llr 2K 3L 4N 5M 6P 1U lG lF � 41 51r 5V IDS IDS 
I lJ 4Q 4W 6T 1K 20 5N 5E 6N 
0 lN lT 2C 4F 41 5V 6A 6F 6L 11 1X 2W 2V 
F 1M 18 311 3K 3N 4R 4B 5Q 5E 6U 6C 1S &Q 4R 4L � 4V 6M 
P 2N 4X 5K 60 4C 6C 
0 IV IZ 1C 2L 2Z 38 2U 3M 3F 5Y 6T 
X IG 20 60 6S 6W lQ 2L 3J 3T iQ 5H 5U 5T 6F 6U 
Z 2S 2Y 2A 3Y 5X 61 1M lW 2N 2F 3A 4G 5N 5X 
R 68 IT 2Z � 68 6R 
V IP IO IE 2H 31 40 50 5R 55 5J 6E 2R 31.. 3K 3Z '3R 41r 4U 4A 61 
L IX 2X 30 4S 4A 4H 6R 6H 31r 3N 4F 4N 
Y � � 9 � � � � � 18 W U � � � � §.Q 

W lA 2Q 3S 3E 4Y 51r 6Q 1 V 2K 3C 3S � §! 6G 

u 
T 
H 1Q ·2E 3X 4G 4J 4Q 1L 28 3H 50 � 
G IS 2M 2P 3R 4U 4M 6M lA 10 lH 3V 3! 40 5Z .2_� Qg 5L 6S 
D lU 10 2F 2J 3F 5U 20 30 48 4T 4J 60 6L 6V 6Z 

K lH lL l K  lR 21 2T 4C 5G 5H 6N IZ 4Y 4P Qfi 5G 6P 

11: 21r 2V 3J 4L 4V 5L 6N 50 
B lY 2G 3G 4T 58 6A lY lE 2J Z!:! � � 
N 3P 3Q 4E 6J 2A 2Y E.g 4E 5C 

Underlined type donolal wheels In ren...od po•IUoo" 

- ;... 0 6 2  
l 
I 
I 
I 
I 



120 

T•u• U 

D 3Q 3R 4F' 6K 2Z 2X 2P 40 58 
1 2C 2E 2S 3U 3X 4E 6X 1M 3F' 61 

M H � � � � � M � � � � � U � W �  

:.·. 

A lG lJ 4A 6E 6H !,g 2L 211 20 3W 3T � 3C 4C · · • ·  .' · 
Q 3N 4L 5Z 6L 10 li lC 2S £Q 30 4L GIV §!! 60 • . , 

I lX 2L 3M 40 5N 6Q 1 T ![ lli 3P 4H 5V 5U � 6J --
0 lK 4R 4X 6U lJ 2C 5M 50 6M 
F 10 lU 20 4G 4J 51V 58 6G 6M lH HI 2V 2U 
P lN lC 31 3L 30 4S 4C 5R 6F' 6V 60 lfi 2F' � 4K 4Y 4U 6L . 
0 20 4Y 5L 6P 4B 6B 
X HI lA 10 2M 2A 3C 2T 3L � 5X 6S 
Z lH 2P 6E 6T 6X lP � 31 3S 4P 5G 5T 5S 6E 6T 
R 2T 2Z 28 3Z 5Y 6J !b 1 V 2M � 3Z 4F' §!. §! 
V 6C li _gy 51 6A §g 
L lQ lP lF' 21 3J 4P 5P 55 5T 5K 6F' � M 3J 3Y ;!Q, 1Y 11: 4Z §!:! 
Y lY 2Y 3E 4T 4B 41 6S 61 3V 3M 4E 4N 
W 3P 3V 38 5Q 50 5G 6Z lB ll 28 2W 3A 3X 4J 5Z 6P , 
U lB 2R 3T 3F 4Z 5X 6R lU 2J 38 3R 4G 5H 6F' 
T 
H 
0 lR 2F 3Y 4H 4K 4R lK E! 3G 5C M 
D TI H � � � a � lZ lN � W � � 3 � � � �  
X lV lE 2G 2K 3G 5V 2N 3N 1A 4S 41 6C 6K 6U 6Y 
E li 1M lL lS 2J 2U 40 5H 51 50 lY 4X 40 ® 5F' §Q 
8 2X 2W 3K 4M 4W 5M 60 5N 
N lZ 2H 3H 4U 5C 68 lX 1Q 21 gg 4W 4R 

UnderUoed l7pe denolco wh..,IA In re•ereed pooiUono. ,' , " ! 
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TuLa tl 

D 1A 21 31 4V 50 6C 1W lQ &!:! lE 4V � 
1 3R 3S 4G 6L 2Y 2" 20 4C 5A 

M 20 2F' 2T 3V 3Y 4F' 6Y !b 3E 6H 

A � � D � � M $ U � � � � � � � H  

Q 111 lK 4B 6F' 61 lP &K 2G gg 3V 3S 3N 3B 48 

I 30 4M 5A 61� lN lH 18 £8 &!f 3C § 6V 6M 6C 

0 lY 2M 3N 4P 50 6R lS lE 1Q 30 1!i 5U � 51 61 

F lL 4S 4Y 6V 1I 28 5L 5C 6L 
P 1P lV 2E 411 4K 5X 5C 6H 6N 1G !Y 2U 2T 
0 10 10 3J 3M 3P 4T 40 55 5G 6W 6E !,g 2E 4P � 4X 4T 6K 
X 2P 4Z 5M 6Q 1A §A 

Z 1X 18 1E  2N 28 30 2S 3K � � 6R 
R 1I  2Q 5F' 6U 6Y 10 2J 3H � 40 5F' � 5R 60 §§ 
V 2U 2A 2C 3A 5Z 6K 1!i l!l m, 20 3Y 4E §K 5V 

L· 60 lR 2X 5H g 6P 
y lR 1Q lG 2J 3K 4Q 5Q 5T 5U 5L 6G 2P � 31 M � ill 4S 4Y 6G 1 
W 1Z 2Z 3F' 4U 4C 4J 6T 6J � 3L 40 4L 
U � � � � � � � ll lZ H H � � � � G  

T lC 25 3U 3G 4A 5Y 6S li 6.1 M ;!Q, 4F' 5G 6E 

H 
0 
D 15 2G 3Z 41 4L 4S lJ 2Z 3F' 58 5Z 

X lU � ffi M � � W ll � H M � a 9 � � � §g  
B lW ' 1F 2H 2L 3H 5W � � � 4R 4H 68 � 6T 6X 

8 lJ lN 1M 1 T 2K 2V 4E 51 � 5P lX 4" 4N 5P � §!! 
N 2Y 2X 3L 4H 4X 5N 6P 5M 

Undorlloed t7pe donotc. whociA In re•oned poel�lono. 

0 62A 
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T.uu O 
D 2Z 2Y 3M 40 4Y 50 6Q 5L 
J lB 2J 3J 4W 5E 60 lV lB 2G 2E 4U 4P 

M 35 3T 4H 6M 2X 2V 2N 4B 5Z 
A 2E 2G 2U 3W 3Z 4G 6Z lK 30 6G 
Q 2X 3F 3Y 3C 5L SW 5C 6Y 6C 2P SM §!< 6V 6T §fi §! 
I li lL 4C 6C 6J !Q 2J 2F 28 3U 3R 3M M 4A 0 3P 4N 58 6N 1M lG lA gg 2M 38 4J §!l 6L §!! F 1Z 2N 30 4Q SP 6S 1R 10 1C 3N 4F' §I .!2§ � §1:1 

P 1M 4T 4Z 61J HI 2A 5K 58 6K 
0 lQ lW 2F 41 4L SY 50 61 60 lF lU liT 25 X 1P lE 3K 3N 3Q 4U 4E 5T 5H 6X 6F lP gQ 1Q f! .1!! � � 
Z 2Q 4A 5N 6R <IZ 6Z 
R lY lC lF 20 2C 3E 2R 3J 3C 5V §9. 
V lJ 2R 5G 6V GZ lN 21 3G � 4N 5E ill! .Qg 6C rul 
L 2V 2B 20 3B 5A 6L lJ lT ZJ! 2C 3X 40 2l 6U 
Y 6E !Q 6_!! SG 6Y 60 
W lS lR lH 2K 3L 4R 5R 5U 5V 5M 6H lQ g � ID[ � 4T � 1! §£ U 1A 2A 3G 4V 40 4K 6U 6K 3T 3K 4C 4K 
T 3R 3X 30 55 SF 51 68 lZ lY 2Z 2U 3Y 3V 41� 5X mf 
ll 10 2T 3V 3H 4B 5Z 6T lS 2H 3Z 3P 4E ,M: §Q 
0 
D 

K 1 T 2H 3A 4J 414 4T l i  2Y 3 E  SA 5Y 
E lV 2P 25 3U 4X 4P 6P lX 1L lE 3S 3F' 4L ID[ 5P Q!i 51 6P 
S 1X 1G 21 2M 31 5X 2L 3L 4Y � 4G §A 61 65 §! N lK 10 lN 1U 2L 2W 4F 5J 5K 5Q lW iY 4M � 50 6M 

Underlined lype denote. wb<et. In reYenod poeiUona. 
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� �� �i �� 
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TnLa K 

D lL 1P 10 1V 2M 2X 4G 5K 5L 5R !Y 1,ll 1!,. §!! .§Q ID,. 
J 2A 2Z 3N 4P 4Z 5P 6R 5K 

M 1C 2K 3K 4X SF 6E !1! lA 2F 20 4'r 1Q 

A 3T 3U 41 GN all 2U 2M 1A g 
Q 2F' 211 2V 3X 3A 411 6A lJ 3C 6F' 

I n � � � � � � n ® ro � � w � ® �  

0 1J lN 40 611 6K lN gJ. 2E 2A 3T � � � � 

F 3Q 40 5C 60 lL lF' !& 2P 2L M 41 6T � §A 

P 1A 20 3P 4R 5Q 6T !Q lC 18 3M � � QB .QQ §Q 

0 lN 4U 4A 6X !!! � � � � 
X 1R lX 2G 4J 4M 5Z 5E 6J 6P ll; 1 T � gfi 

Z 1Q lF' 3L 30 3R 4V 4F 6U 61 6Y 6G lQ &Q 4N 1!1 4V � 61 

R 2R 48 50 6S 4Y 6Y 

V 1Z 10 lG 2P 20 3F �Q 31 ;m 5U 6P 

L 1K 25 611 61f GA. .!!!! 211 3F 3P 4M 60 .Qg ID.:: §!! §9. 
Y 21J 2C 2E 3C 58 6M li lS � 28 � 4C §! [[ 

W 6F lP 2V SF §! 6N 
U 1 T 15 li 2L 3M 45 55 5V 5W 5N 61 2N ;ll! � � � 45 � 4W §§ 

T 18 2B 311 41J 4E 4L 6V 6L 3S 3.1 � 4J 

H 3S M � M 6C 5J W 1Y lX U &! � � � � �  

0 1E 2U 3W 31 4C 5A 6U 1R 2G 3Y � 40 Qft 6C 

D 
K 
E 1U 21 38 4K 4N 4U lH 2X 30 §� g 

8 1W � ft � U � � lW H 10 � � 4K � � � � �  

N 1 Y 1H 2J 2N 3J 5Y � 3K 4X � 4F' � §!:! §B §Y 
UndorUnod l7pe donot.co wbet�la Ill reve...ed poalllona. 

D E �  
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Tnu E 

B 1Z li 2K 20 3K 5Z &[ 3J 4W 40 4E 6Y 6G .§Q 6U 
J' 1M 1Q 1P ll'l 2N 2Y 4H 5L 5r.t 55 !Y 4T 4K 5M 58 � 

!I 28 2A 30 4Q 4A 5Q 65 5J ' � 
A 10 2L 3L 4Y 5G 6F 1T 1Z 2E 2C 45 4N 
Q 3U 3V 4J 60 2V _g:r � 4Z 5X 
I 2G 2! 2\l 3Y 38 4! 68 li 38 6E 

0 2Z 3H 31\ 3E 5N 5Y 5E 6A 6E 2N 5K 51\ 6T 6R 6C §Y 
P' 1K 1N 4E 6! 6L lM 211 20 2Z 35 E illS 3Y 4Y 
P 3R 4P 50 6P 1K H;, lY 20 2K 3Z 411 6S 6J 6Z 
0 18 2P 3Q 45 SR 6U 1P 18 1A ;ll. 40 � §g §E 6f' ' 
X 10 4V 48 6Y lF 5.! Q.! 5Z 6! 
Z 15 1Y 2H 4K 4H 5A 5F 6K 6Q 10 lS 2R £(2 
R lR 1G 3M 3P 35 41'1 4G SV SJ 6Z 611 lN g);! 4M 4G 4U � 611 
V 25 4C 5P 6T 4X 6X 
L lA lE 1H 2Q 2E 3G 2P 3H 3A .!IT §Q 
Y 1L 2T 51 6X 68 1L 2G 3E 30 4L 5C §f 50 6A 6P . 

W 2X 20 2f' 30 5C 6N lH lR 2! 2A 3V 48 5H 5S 
U 6G !Q 2U 5E 6W 6M 
T lU lT 1J 2M 311 4T 5T 5W 5X 50 6J 2M 3G 3F' 3U � 4R 4P 4V §Q 
H lC 2C 3! 4X 4F 4M 6\l 6M 3R � 41\ 4.[ 
O � � � � � � � U 1W U � H � U � a  
D 1F 2V 3X 3J 40 58 6V ,!g 2F 3X 3H 4C 50 68 
K 
E 
S 1 V 2J 3C 4L 40 4V 1G 2\l � .QI � 
N U � W H � G ffi il 1J � � � � � M � OO M  
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B 1 y 25 2V 3X 41\ 45 6S lU li 18 3P � 4! 5T 5M IDS 5F 6M 

1 1A 1J 2L 2P 3L 51\ 2! 3! 4V 4N .@ 6X 6F 6P 6T 

M 1N 1R 1Q 1X 20 2Z 4! SM 51� 5T 1 T � 4J SL 51\ 6J 

A 2C 28 3P 4R 40 SR 6T 51 

Q 1E � � 4Z ffil 6G 15 lY W � 4R �  

I 3V 3\l 4K 6P 2U £� 2K 4Y SW 

0 211 2J 2X 3Z 3C 4J 6C ill 31\ 60 

F 2A 31 38 3F 50 5Z 5F 68 6F 2M §l 5Z 65 .§Q 68 GU 

P 1L 10 4F 6J 6M lL 2G 2C 2Y 3R � 3J 3X 4X 

0 35 4Q 5E 6Q lJ 10 lX 2N 2J 3Y 4G 6R 61 6Y 

X 1C 2Q 3R 4T 55 6V 10 1A lZ 3K � � 5P 5E 6E 

Z lP 41'1 4C 6Z 1E �! 5H 5Y 6H 

R 1T 1Z 2! 4L 40 58 5G GL 6R 1C !.B E.Q 2P 

v � w � � � � � � � u u m � � 4F � 4P �  

L 2T 40 5Q GU 4W GW 

Y 18 1F li 2R 2F 3H 20 3G 3Z 55 6N 

W 1M 2U 5J 6Y 6C 1K 2F 30 3N 4K 58 l2Q 5N 6Z 60 

U 2Y 2E 2G 3E 50 60 lG ,!g 2H 2Z 3U 4A 5G 5R 

T 6H lt� 2T 50 6V 6L 

H 1V 1U lK 2N 30 4U 5U SX SY SP 6K � 3F' 3E 3T 3L ,1g � 4U 6C 

0 10 20 3J 4Y 4G 4N 6X 6N � 311 4Z 4H 

D W � � � � � � 1W 1V � 2R � § � � �  

K lG 2W 3Y 3K 4E SC 6W 1P 2E 31'1 3M 48 5C 6A 

E 
B 
N lll 2K 30 4M 4P 4W lF 2V 38 5X � 
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D 1X 2L 3E 4N 4Q 4X lE _gJ.l 3A 5" 5U 
1 lZ 2T 2\V 3\' 4B 4T 6T 1T HI .!A 30 3B 411 55 5L 5J 5E 6L 111 1B lK 2M 2Q 3M 5B 2H 311 4U 4M i£ 6\V 6E 60 6S 
A 10 lS 1R 1\' 2P 2A 4J 5N 50 5U lS 4R 41 5K 5Z 61 
Q 20 2C 3Q 45 4C 55 6U 511 
I 1F' 211 3N 4A 51 GH 1R lX 2C &.!\ 1Q 4L 0 3\V 3X 4L 6Q 2T 2R 2J 4X 5V 

F 21 2K 2Y 3A 30 4K 60 !Q 3Z §Q 
P 2B 3J 3C 3G 5P SA 5G 6C 6G 2L 51 5\' 6R 6P §A 6T 0 1M 1P 4G 6K 6N 1K 2F' � � Ml 3N 31 3\V 4\V X 3T 4R SF' 6R li !Q 1W � ll 3X 4F' §Q 611 6X 
Z 10 2R 35 4U ST 61'1 1N g .U: � � 2f 50 50 60 R 1Q 4X 40 6A 10 2W SG SX 6G 
V lU lA 2J 4M 4P 5C SH 6M 6S lB !.Q 2P 20 L l T  'I 30 3R 3U 4\' 41 5X SL 6B 6J 1J. � 4K 4E 4S 40 .2f Y 2U .tf: 5R 6V 4V 6V 

W lC lG lJ 2S 2G 31 2N 3F' 3Y SR 6M 
U HI 2V SK 6Z 60 lJ 2E 3C 3M 4J SA 5N 5M 6Y 6N 
T 2Z � 211 3F' SE 6P lf' lP 2G 2\' 3T 4Z SF' Q.Q 
H 6I .]!! 25 SC 6U .2B 
0 1'11 lV lL 20 3P 4V 5V 5Y 5Z 5Q 6L 2K 3E 30 3S 3K 4P 4N 4T 6B 
D lE 2E 3K 4Z 4H 40 6Y 60 3P 3G 4Y 4G 
K 3V 3B 3H 5W 5J SM 6F' lV 1U 2V � 3U 3R 40 ST 6J 
E 1H 2X 3Z 3L 4F' 50 6X lQ 20 � � 4A 5B 6Z 
s 

N 
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SUMMAit\' m' I!ESUL'l'S 

ny using tho vnlurs tl�rivcd from n ftLudy of tho "V" nml "Z" mel'.•DI!CS :t WM pn011il•lo 
to lind mc•MilC� in which thrro vnlucs of thn inclicntor wcro known-lho ri�l, sccnoul, nml forth 
loLLrrs. A liLI Io oxpcrimcntntion soon yirhlod tho voluo of Lho remnining Lwo indicntur lctlers 
nml nlso voluos for tho "dog BI'LLing" �qunro. 

Tho lines d nnd r indica to which leLlel'll correspond to direct and reversed selling, rcsprcli vdy, 
or tho wheels. 

Figura 1 givos lbo tlog !lOlLing corrc.•pomJjng to tho \'ArlOIIS COIIIbinntions of tho fii'IIL twn 
wheels. Thoro 11rn no values cntorod in row 6 or in column 5 becauso in tho mcss11gcs aubmillcd 
whcrl 6 wns not u�cd. 

Figure 2 gives tho piRin-tl'xL cquivnlrnl� lor thl' cnciph�rrd imlirntors. 
Figure 3 givos tho compl�lo �Llings of tho�l\ cipher mrssng�s ...-bich wcro rend. No nllrmpL 

WM rnnde to rend nny further mcssngcs ainco iL appeared thnL 11 comploto solution wuuld be a 

maLtor o( limo only . 
d _ _ _  A C F G J K L 0 R S T X Z 
r _ _ _  B 0 E H I M N P Q U V W Y 

1 

1 

2 ABY 

3 BCZ 

4 

5 

0 ACZ 

:.! ! 3 4 

ADW 

cov 

BCZ 

BOV BOZ 

BEX 

BOV CEV 
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ZRZPP=YALPB (16G) SCRLT-GOJCK (218) 

eun 26JU 

VDLSU=HKXJA (IG2) ORTUV=FANEH (2&2) 
tt811 JI&M 

MRLDO=DAXUC (170) NNBQU-NQAIA (253) 
u� �m 

BSKVF=VVCDZ (180) DDJQP-FKDIII (220) 
IU18 liiiU 

LPDUU=CFTEA (180) QRPCP-JAOMB (206) 
JWI 11&41 

SSSVJ=GVHDE: (IIJ6) PSYLV=ZVQCH (177) 
11}412 &4111 

VGBKL=HIAWQ (210) RNTLE:=IQNCO (106) 
231M 31QU 
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