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2. 

HOME WATERS ENIGMA 

This traffic, called Heirthsch (or more recently Hydra) by the 

Germans, and Dolphinty_ele British, is on the 3-wheel naval enigma, 

and is a member of the K-book family, It is used by surface ships in 

the North Sea and Baltic, and by Arctic subs. The traffic has increased 

to over 500 messages a day. The Offizier, called Oyster by the British. 

lies keys exactly similar to Limpet. 

A diagram of the procedure followed in breaking a new day is given 

on page 2 below. The banburisrn begins as soon as the messages start 
coming in from the registration room, and continues well into the next 
day. Freeborn does not start sorting and tabulating until the day's 
traffic is all in, and his catalog starts coming in about 1700 of the next 
.day. The two Grundstellung alphabets are usually complete before 2400, 

:and the menu is sent to the bombes shortly thereafter. The correct 
stop is usually found by 0400, and the rest is a matter of a few minutes. 
A menu for the paired day has usually been prepared by that time, and 
,is out by say 0600, leaving six current hours on the paired day. A more 
-detailed description follows, of the determination of the Grundstellung 
alphabets and the middle and end wheels, the material being drawn from 
the day May 28. 

The Dolphin messages are first separated out by K-booking, and 
registration numbers assigned. The dummyismus percentage for each 
message is recorded on it, and the Roms Category (see below page 4) 
in which it falls. Each message is entered on the Foss sheet, and a 
Banbury sheet is punched up, with the dummy percentage and Roms 
Category recorded thereon, as well as the enciphered indicator trigram 
(after bigramrning, of course). A blue line is drawn on the Banbury 
sheet to indicate virtually certain plain text to the left thereof, as 
dummy messages always begin with plain (even if non-sensical) text 
-for 30 to 60 letters before launching into a string of consonants. 

All pairs of messages having their first two indicator letters the 

same are compared at all positions from -25 to +25. The counts are 

entered on one of 26 score sheets, namely the one lettered by the earlier 

of the third trigram letter. Thus the match WEE/WEP is entered on 

, the E-sheet (Exhibit 1). WEE is 132 letters long, with the blue line 
rawn at 60, and a dummy percentage 65%. WEP has dummy percentage 

5%, and (this being so low) has no blue line; its length is 104. 

E 8 - 19 
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WEE 
132 

TOP SECRET CREAti 
4- -60-4 

WEP 
- - 104 - - _ _ 

DIAGRAM. OF DOLPHIN PROCEDURE 

Intervals between 
indicator letters 
of pairs of msgs. 

Grundstellung 
Alphabet's #2&3 

_ 

r odding 
& catalog 

M- and It -wheels jCribbed ssage 

Decipherment of 2nd 
& 3rd letters of in-
dicator trigram 

Menu with known 
window settings of 
M- and 12-wheels 

limitation of 
wheel-orders 

Wheel Order 
Stecker 

-Rod setting of msg. 
Rings on M- and R-

-wheels 

rod setting of Grundi 
rundst. alph #1 

• Decipherment of 1st indic. letter of 
• N./ 

cribbed msg. 
Ringst. of L-wheel 

1Window setting of Grund 

E 8 - 20 
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The upper line (opposite the letters WEE) gives the score at each 

position as WEP is moved to the right, the overlap decreasing from 59 
35. The lower line (opposite WEP) gives the score at each position 

s WEE is moved to the right, the overlap remaining 60. The score is 

imply the number of coincidences, with a little x indicating a bigram. 
hus in the position WEE = WEP + 8 there are 7 coincidences including 
bigram, while at WEP = WEE + 24 there are no coincidences. If the 

dummy percentages are net -foci bad, scores are made beyond the blue 
line as well. For example, for RPO = RPE + 16, there are 2 coinci-

dences in an overlap of 45 up to the blue line (on RPO), and 3 in the re-
maining 51 overlap. . 

The banbury counts are evaluated from one of three double-entry 
tables. In the row given by the number of coincidences and the column 
given by the overlap is found the value (expressed in half decibans) which 
is entered on the deciban sheet (Exhibit 2). In Table 1 this value is 
20 times the log of the ratio of the a posteriori to the apriori odds that 
the line-up is correct. The values in Table 2 are reduced to allow of 
a small probability that one or both of the messages be dummy, Those 
in Table 3 are still further reduced to allow of a large such probability. 
Before entering the table, to the number of coincidences is added 1 for 
a bigram; 2 for a trigram, and 4 for a tetragram. 

If scores are made only up to the blue line, Table 1 is used. If 
two scores are made, Table 1 is used for the overlap before the blue 
line and Table 3 for the overlap after it. If the dummy percentages are 
small on,lioth messages, the blue line (if any) is ignored and the scores 
evaluated from Table 2, The table or tables to be used, namely 1, 2, 
or 1/3, are found entered on Exhibit 1. The values are also found en-
tered thefi jin comParisons of type 1/3, and these are added for entry 
on deciban she-et.

One sheet is Made for each third indicator letter, and each pair is 
entered twice.. ThUS. WEE/WEP is entered on both the E-sheet (Exhibit 
2) and the P-sheet. ',On the E-sheet, the letter E is written down the 
center (b-column). In the x-colurrin is entered the value of the score 
at whieh .WEP, = WE + x (positive to the right, negative to the left). . , • 
Thus the -Valiie contributed by this match to a spatial assumption E. . . . 
P (x =‘5) .Or P... . .E (x = 7) is found by putting E under E and read-
ing off the value above P. The values of the same match on the P-sheet 
are just the reversa:l'of these, since + and - distance is reversed. Red 
scores,are positive'', black negative. Underlining means a trigram. A 
note is made of especially good line-ups, e.g. those with a repeated tetra -
gram. E 8-21 o' 
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As the traffic comes in, a copy of each message is sent to Free-

born, who punches up a card for each trigram, with registration num-

ber, indicator trigram. the two preceding and six following letters of 

the text, and the location in the message of the first letter of the trigrarn 

(101 means initial letter, 201 means 27th !etter, 318 tneans letter in 
position 2 x 26 + 18 = 70). 500 messages of average length 150 means 
about 75,000 such cards. "l'hese are sorted (perhaps manually, as 
punched up) into 26 "folders" according to the first letter of the indicator 

trig r am. 
-- - 

When all the traffic is in, Freeborn sorts his cards and tabulates 

the repeated trigrams. His tabulation is called the "catalog" (Exhibit 
3 -is a page from the E-folder). It comes in folder by folder, and as 
they come in they are scanned visually for tetragrarns. These are entered 

on the "tetra squares"(Exhibits 4A and 4B), one for the end-wheel and 

-one for the middle. Thus in Exhibit 3, the repeated tetra LUIZ occurs 
in position 6.05 of EUC and in position 2.14 of .EZV. Hence EUC is the 
earlier of the two by the amount 6.05 - 2.14 = 3.17, or 

E.Z.V = EUG + 3.17 

This means (if correct!) that V C + 17 in the end-wheel alphabet, and 
Z = U -F .3,,or 4 in the middle-wheel alphabet. In the E.W. (end wheel) 
tetra squa're, V is entered in line G column 17, and G in line V column 
26 - 17 .4 9. The subscript E is attached for reference purposes. 
Similarly on the M.W. Square, Z is entered in the U-row and 4-column 
(the larger of the two alternatives): only one entry is made on the M.W. 
Square. 

The' matches with repeated tetras are also entered on a large 
tetra" lieet (Exhibit 5) for convenience in recording their values com-
puted by a method called ROMS (' esources of Modern Science.) Each 
message is classified into one of 18 categories, designated by a Roman 
numeral,;to be used in step (1) in the following description of the Roms 
table and its use. The values throughout, added or subtracted success-
ively, are all in half decibans. 

(1) The tetra in each of the two messages is evaluated according 
to its polition in the message, and the category of the message. For 

categories V. VI;and XVI the values for the various positions are: 

E 8 - 22 
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'POSITION V VI I XVI 
. 1 24 34 30 

always -00) 2 -00 -00 -00 
3 ' I 8 4 
4 17 I 20 I 17 

5 12 28 4 
6 9 ;.31 11 
7 16 27
8 17 20 j 16 

9 13 33 I 11 
10-30 20 23 14 

(middle) f; 22 23 19 

(end) 1 19 20 1 12 

(2) A triangular table is entered 

according to dummy percentages, and 

the r esult subtracted. 

(3) Subtract a slight amount for 

middle wheel distance, roughly 2 half 
ecibans per multiple of 26 (e.g. 10 if 

distance is between 4.20 and 5.6). Not 
used for companions "at 26", i.e. 
with middle letter the same. ("Coro-

\ parisons at 676" are those with only 
the first trigram letter the same.) 

The two values are added, 

ar,d a correction is applied: 

1-00 to 1.   311 

0 to 18. .  321 
19 to 22.   331 

23 to 26..   341 

27 to 30   35 
31 36 

. 32. to 34  -  37 

- ,Very Slight beyond here. 
• 

5 
15 

1 
2 

25 3 4 
35 4 5 
45 6 
55 7 
65 10 
75 12 
85 17 
95 26 

5 15 2c - 

• (4) To the number of repeats in addition to the tetra, add 1 for a 
bigram and 6 for a trigram. Table gives approximately 3 half decibans 
per coincidence (so modified), to be added, of course 

(5) Subtract for length of overlap; table gives approximately 15 for 

each 100 letters of overlap to be subtracted. 

Examples:

(a) 
(b) = IvIV/F+ 0.5 

UU1A; = UUB + 0.14 Score: 
Score: 

D Duny 
PercentageMessage Category Length 

XVI 

VI 
V 

96 
108 
236 
104 

E 8 - 23 

35 
5 
5 

65 

7t /94 
1 rr6 / 99 

Position 
Of Tetra 

• 27 (10-30) 
41 (g) 
47 (g) 
52 (p) 



0 
= 
= p 

+ 9 

U = E 9 

F P +15 
X A +16\ 
Q = c + 9 

C = F + 5 

= V + 4 \ 
X = K gy 

* 6 for trigrarn plus 

TOP SECRET IntittA 

Both of these matches being at 26, step (3) is omitted. 

RIP 610 

Step Example (a) Example (b) 

( 1) UUW XVI 10-30: 14 Iv!WC VI C: 23 

TTUB V /9 22 MWF V 0) : 22 

_36 45 

Correction 36. . . .38 Correction (none ) 

(2) •5% - 35%  -4 5%t 65% -10 

34 35 

(4) 3 addl l repeats . . 9 13* add.' repeats .. 37 

43 U

(5) Overlap 94: -14 Overlap 99: -15 

FINAL SCORE. . . . 29 FINAL SCORE.. . . 57 

Now 20 log 26 = 27 approximately, so that 27 should be subtracted from 

these (division by the a priori probability of 1/26), in order to find odds 

(in half decibans) that line-up is correct. Thus example (a) has slightly 

better than an even chance of being right, while (b) has odds of about 

30 to 1 of 'being right. 

Belo* are listed the outstanding matches found for the day's traffic. 

A heptographic repeat or better is virtually certain to be right, though 

some allowance must always be made for a garbled indicator letter. A 

hexagraphic repeat would be very good at 676, and since the one found is 

at 26 we can likewise put it in the virtually certain class. The one penta-

graphic repeat at 26 has the remarkable score of 175)cx/111, that is, 

two bigrams and 8 single letters repeated in addition to the pentagraph. 

Of the four tetras at 26, the second and fourth are at least 30 to 1 shots 

by their Horns seores (57 and 65). Including the cribbed pair, we thus 

get the folickving virtually certain equations on the EW alphabet: 

No turnovier between 

these intervals 
since comparisons 
are at 26. 

7 singles) E 8 - 24 
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The EW alphabet may be determined by these, except for six miss-
jag letters, by scritching (Exhibit 7A). However, for the purpose of 

.•;showing how two competing alphabets may be "counted" on the deciban 
;sheets, we shall pretend that the PNI/PNV match clid.not evist.; without 
it, another likely alphabet may be found. Of course in practice one 
begins scritchirtg long :before the list is complete, and moreover this 
day's traffic was u.nusdally-T-idh in repeats. Usually it is necessary to 

:use the less likely matches. With less traffic (used to be about 300 a 
.- •clay) or a double-notch end wheel, it is much more difficult. 

LIST OF OUTSTANDING MATCHES FOUND IN DOLPHIN 28 MAY 

12 - gram: 

- gram: 

Heptagrams: 

Hexa.grani: 
• 

IQT = 10J + 1 .9 

HZ0= HTP+ 1.1 

RIU= RPE+ 1. 9 
ZGF= 2.0P+ 3. 15 

.1•AX = JAA #0.16 (at 26) 

, Pentagrams: Banburisrnus Score 

1. lvIGQ = 1VIGC 4 0. 9 (at 26) 17 0C/ iii

2. ALO = AVJ + 4. 4 6/60 
3. BXL = BEE + 1. 25 14x/124 
4. BYM = BEE + 0. 20 8/176 
5. DDN = DJE + 2. 1 8/72 
6. HPK = HRW + 1. 23 7/43 
7. IVS = IZZ + 2. 10 8/62 
8. KKY = KDD + 2. 11 6/69 
9. LVO = LRM + 12.6 10x/136 

10. MEY = MWC+ 4. 8 10x/129 
11. OOK = OSH + 1. 5 12/184 
12. ORT = ON? + 0. 1 not made 
13. VSS = VKU + 2. 9 not made 
14. MIR = MIN + 7. 3 impossible 
15. EAC = EAJ + 5. 12 impossible 

Tetragrams at 26: 

1. UMW = UUB ± 0. 14 

Banburismus Score Roms Score 

. 2 
45 • 49 

E 8 - 25 
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MWG = MWF + 0. 5 

3. LSH = 1.45M 4 0. 42. 

4. PNI 4- 0 

Two Tetragrarns at t.:1 47c. 

IAN = ICB 4- 1. 14 

Two Trigrarn at 26: 

LRR = LRM'4 0. 19 

'T:Cribbed:

KAX = KAK 0. 8 

- I tad- , 57 

p.m 610 

15 64 

6(9 

L 

4V1P-4-4

not made 

2:1 • 65 

48 
2.00 

15(4)7 46 
200 

16xxx
176 

not made 

(That is, one of these was cribbed by a re-encodernent, and by repeti-

tions and reciorocals, enough letters were found in the other - at the 

distance 8 - to fill it in cempletely with plain text consisting largely of 

numerals.) 

In Exhibit 6A the intervals given by these equations (with I = V + 4 
omitted) are given spaciall-y-, and the scritch sheet (Exhibit 7A) is laid 
out by sliding the first of these along the alphabet, and recording those 
not conflicting with reciprocity or the requirement that no letter be enci-' 

A:thered by itself. The possible turnovers are marked in vertical red lines 
AnOne coming between F and Q), Eleven possible skeleton alphabets are 
thus found, reciprocal values being entered. Five C. f these are eliminated 
by the A - K - X relatioa, #10 on the sole grounds that no possible turn-
over is left. Two more are eliminated by the E - U interval, and one by • 
3 -  T, leaving three: #1,2, and 6. 

In #6 there are only two places where the A-K-X sequence may be 
entered, A under V and A under W. The latter puts K under E. hence E 
under K, hence U under T (by E - U), hence T under U. when we find J 

•Conflicting with X under L (by 3 - T). Hence only A under W is possible, 

* Granting this one, the following tetra at 676 becomes virtually one 
at 26: 

LAJ ICE + I. 24 1c' 116 (at 676) = 
180 k;.I.3 (at 26) 

E 8 - 26 
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• 

and Cie. C L.:: :3  nd. EtLi. this -::Iin-ii.tates all p..zz•.:::fille turnover -s 

except :*i. anc since ttzit, enly for wbee' VI ‘;Phich cisti has a turn .

71A1 it le only #i and remain. 

In #1, A - K - X can b.:. --tared ir. two ple.pee. ar.ci tileae are re-

wrizee,.. in lines 16 and 17. I goes out fro..-n E; - U. In sine 17, 

turnover Z/A is only whee_•3 as possible: E - 

and 3 - are ;viz if .• . ALI conditions are satis-

fied t : c C7F This we c.a.ii aldhabet 

K - z,z1 -sr:te t, .:). ccliy and this is re-

written in linte /I. 3.Jv tLle rain a- ims, i.e. wheel 2. J - T 

car. now he entered •Loc wav eniy, azzo cz.Li ..zonditions are setIoiled. This 

we call aliYhi:21,:r. ii, Id le seen ty.. violat3 this rondition I = V + 4 which 

we ignored 

In lic..F• zzave a ,-Idedt.,ne I = V 4 tiL iack to show the ezztent of 

corripletion. Wit.17.1 tit:" Cle7: tain interve.Z it. The very good penta #3 

IL = El 4 2!•.; ar:.:5 at 26 CR= npf + Lc-) are already satis-
fied.. 7.:13v. tCri) #1 OK = B + I?) is irn•zioseible. The 
SO:to?'.•: ..f)Ltt better tetra 1•.:.3 Cr?: = 21 is pt 2.e The 2...6,24/ICB/IAJ corn-

ez:ci N z ii.-scUctled in red.. If we 
don't e.e.re to rel .,- oh !VI 4- 2 to e.).ph.:±....bet we caz-L:t r:t+LE:I' s the 
three af.c.e.xnatziveis or, :ii.e.. G, 5, iz.na7. acc.!..baszs zheetis TL? is 
given. in Exhibit a ( Z -sheet fcc (-I:i.e.:it:T..2 t..;:z.poces;-
places the Z alphabet n, goeshorx untie:: the ce.ntec 2* , and n•7:-...ord .„ 

e• the decibari 0 .::".:?1- the letter matched (here LI, V, er•-: 
values are er.c•;. .0.-tde,c'. othexs z.m.ze negafit-e. Thus the scores - . :to 

Z ove: C : + 6 fo: Z. over I. azid for Z. ows!..r S point con.tioslyety 
1 over IC, and this confirms H = 1W 4 2. 

The completed alphabat i written in line 25, and in line 24 -we nave 
put a.completed version of alphabet ii with the foltowing comparative. re-
sults 

E. 8 
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S. 

12 - gran. ez 

9 - gra=
7 - grarn - both ye.; 

6 - gram 
Pentagr : r c yes 
Pentagram at '376 11) 2 yes' (#4,6 

10 no 
•Tetragram yes fj,;it. 3, 4) 1 yes (#2) 

El) 3 no (#1,3,4) 

Two tetrc.s at 67E. yes yes 
Tetra at "virtually 26" yes 

Two trigrams at 26 yes 

Cribbed pair yes 

Recalling that we agreed to ignore one of the tetras at 26 (J4), we 

might not regard I as conclusively better U.:4Ln E. To make it conclusive, 

the two were counted: ( on all 26 deciban sheets), the results - with dup-

lications omitted - being entered in Exhibit 9. The method is the same 

as for Exhibit 8. The results of + 14610: 1 and - 370 for II show (by 

converting from half-clecibans back to oddli that I has rele.i.he odds of 

10
7 

for and H has relative odds 1018 against. These murt be divided 

by the a priori odds (pretty colossal) of any random ale:he:bet being cor-

rect, but at least it shows that I is 1025 times more z.-,:roltahly than i. 

We have thus found the end-wheel dlohobet, and the fact that the 

end-wheel is 3. Proceeding now to the rniols.l3. ,  wheel, we first list the 
outstanding marches c:t 676 , in agreement with the end-wheel - 
alphabet, with the implied equation (tiirricver known!). 

12-gram 1QT = IOJ + 1. 9 Cl = 0 4- 1 

9-gram FIZO= HTP+1 I Z = T4 1 

Heptas RU.! = RP'61 +1. 9 I = P + 1 

ZGF= ZOP +3. .:5 G = 0 4 4 

Pentas /ILO= 4 4. 4 L = V +4 

BXL BBE 4 I. 25 X =B + 2 

001(: OPSU 4 1 5 0 = S41

Two tetras TAN = 1.CS 4 I A = C 42 

From the EW Tetra So -.are :tein quickly locate all tetras in agree-

ment with the SW alphab,it. These Lreing P.virtually at 26", they stand a 
very good chance of being ct-rrect, bnt n-ray how be ROlviSed if necessary 
to determine their relati‘e fitta the following: 

S 
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1. DRW = DIE + 0. 16 R = I + 1 

2. DQM = DIE + 0. 13 Q = I ± 1 

3. ERN = EUG+ 4. 19 R=U45 

4. JIF = JKJ 4 1. 18 1 =K+2

5. LMJ = LR1v1+ 1. 14 M = R + 1 

6. JMG = JBO + 3. 3 M = B+ 3 

7. NEF = NJO + 4. 14 E = P + 2 

8. LRR = LPY+ 1. 21 R = P+ 2 

RIP 610 

The first two are incompatible, but #2 violates the virtually certain 

Q = 0 + 1, and hence we may discard it. #1 and #8 together give -the 

pattern P1R, confirming the virtually certain I + P + I, and hence we 

adopt them. The virtually certain intervals and this additonal R are 

entered on Exhibit 6B. ' We use the pattern 500. 1 G to start the scritch 

sheet. Observe that no turnovers are allowed between any of the record-

ed intervals (assuming their correctness). When the further certain 

patterns are applied, 12 of the 14 Fn.:nil:fifties are immediately enrol - 
noted, leaving line 2 (alphabet I) and line 7 (alphabet 

PIR fits into tin six places (11-15-20). but all go out except 1. 15. 
But here Ti will fit in only two places, both violating B-X. Consequently, 
II is correct but incomplete. TZ, SX, and CA are still to be applied. 
Rather than eliminate step by step we may hazard some of the tetra in-
tervals. #1 and #8 have been used, and #2 thrown out. #4 and #5 have 
been confirmed and #6 denied. There remain #3 (P. = U + 5) and #7 
(E = J 5). These are added in./.21, drawing in Ti. B - X may be added 
in two ways ( 11 22 and 24), and C - A in two ways to each of these. Thus 
four alphabets are possible, with wheel possibilities reduced to 2 or 5. 
It may be completed by burrowing into less likely matches. The ones 
used were 

OUL = ONP + 0.21 
OLP = OSH + 4.15 
VSS = VRR + 1.16 
VZO = VAX + 2.3 
VPG = VKU + 5.25 
TFH = TVJ +0.14 
WAK = WEP +1.16 
EEO = EXP + 1.1 
HYU = HGU - 2.0 

Unfortunately, the scores were not recorded. 

U = N + 1 
L S +4 
S = R + 2 
Z = A + 2 
P = K + 6 
F = V + 1 
A = E + 3 
E = X +1 

Y = G +2 

The two alphabets could be used to make up a menu for the bombe. But 
E 8 - 29 
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in ord er  to avoid  frequent  "boxing stops" , a double input on the m ain  
chain i s  u sed ,  and th is  c a u s e s  e l e c t r i c a l  d i f f ic u lt ie s .

:
June 8, 1943

/ / » / /  A. H. C lifford,
Lt. USNR 
Station  X, England

E 3 -  30
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WEE

PJ usp
00
1

l l i 1 1 1 l 1 1 1 2 2 2 2 2 ' 2
1 2 3 u 5 6 I 3  2 0 l 2 3 u 3 6_ 7_  3_ 3  0 1 2 3 U 3

3 1 2 1 i 2 l 2 2 3 2 2 0 3
, /  
2 0 1 0 2 2 2 1 1 0 2 60

36
132

59 58 57 56 55 51* 53 52 51 50 l+q Us *+7 U6 ^5 M+ 1+3 1+2 1+1 Uo 39 32 37 35

0 3 2 i 8X 3 l 7X 3 2 2 0 2 0 l 0 3X 2 2 0 l 1 0 3, 2

S o -

EXHIBIT 2

EXTRACT EROH EECIBAU SHEET

(E n c irc le d  v a lu e s  a rc  p o s i t i v e .  The r e s t  a rc  n eg a tiv e )

2 o 2 2 2 1 l 1 i l 1 1 i
3 j+ 3 z 1 0 3 s I 6 3 U 3 2

IV I 1 i+ l (D U 1 © o (5) 0 ) 2 2 <D 3

WE V 1+ l l i 71 7 11 i+ U (D l l 7 11 i+ 11

2 T i 2 3 4 3 6 I S 2
i  l  
0 1

FW P - -  i 4 E u 2 7 1+ 1+ 2 2 1+ 2 ©  (5 )

we p - -  i 11 E _ i 3 7 6 3 6 3 3 ©> 2

1
1 IO

 H
-"

3 2 I 6 3 it 3 2 1 l 2

5 0 6 D  3 6 i ( D  © 1 1+ E 1+ 2

. 4 1+ l ©  7 1 (D 7 U 1 11 E _ 7 -  -

l 1 l l l 1 1 2 2 2 2 2 2
2 3 4 3  6 I S 2  0 1 2 3 4 3

2 2 6 ) U (l) a © 2 (l) © 7 6 1

2 S © 1 8 u ro 1 - - 3 3 6 © p
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R e g is .
Number

469
117

EXHIBIT 3

EXTRACT FROM FREEBORN CATELOG

ao s i t io n
Xexü In  Message

S L  L U I  Z O Y F T T  06 05
I  A L U I  Z H S K J  M 02 14

EXHIBIT 4 
(O m itted)

EXHIBIT f 
(Omitted;
EXHIBIT 6 A

INTERVALS ON END ’.VHSEL

F .  -  -  -  C ......................f  0 -  0
A .............................K ................................. X
E ....................................U
J ....................................T

EXHIBIT 6B

INTERVALS ON MIDDLE "HEEL

s o n  -  -  G 
T Z 
P I  R 
V -  -  -  L
B -  X
C -  A

In d ic a to r
T rig ra n

E U C 
E Z V

E  8 -  32
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EXHIBIT 7

Out On

JT
EU

AKX
AKX

EU
AKX
AKX
AKX
AKX

EU
I

I I

I I
I

SCRITCH SHEET FOR END TTHEEL
2 z 6 1 3 5/6

i ] i 11A B C D E F G H I j K L H N 0 P rr R S 1  u V 2  x Y Z

1 I F D C P 0 R Q
2 L H G F E C s R U P 0 Q
3 M H F C T S V P 0 q
A N I F G C U T rr P 0 Q
5 n R M F Y X A C P 0
6 V 0 S K N D X F Z Y B c A L P 0
7 M X P 0 S 0 U A E D G F K C
8 C A V P 0 0 H G J F
9 C B vj P 0 0 I H K F

10 D C Y p 0 0 K J M F
11 C Z P 0 q L K N F
12
13
H
15 n

X U16 E I F A D C U 11 K P 0 R n
17 17 I F K D C I J  X P 0 R n U T AM
18 17 II I F K D C L - J m ? 0 Q U T Y A I V
19
20 #2
21 N L X H G F E m 2 v C A S R U P 0 I 0 K D J
22
23
2A N r. L X H G F E T z V C B A S R u P 0 I  q K Y D J
25 T̂ T N I F K D S Z C L E J  X B P 0 R 0 G U T Y A M V H
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EXHIBIT 7B

SCRITCH SHEET FOR MIDDLE •"HEEL

5/6 2 4 6 1 1

Out On a b o d e '
1
F G H I

i  I
J  K L H N 0

J'
P 2 R s

3
T U V

¥

” | I Z

BX 1 S 0 Q G F B C A
I 2 U S 0 Q H G D E C A

PIR 3 S 0 0 I G E F D
PIR 4 :: S 0 Q G I J  H
PIR 5 N S 0 Q G J K I
PIR 6 P S 0 Q L G M K

I I 7 V N L K ? I  R h s  o n G
TZ 8 Y U V T S O n G
VL 9 Z ’7 U S 0 n g

BX 10 CV A X V X 0 n
BX 11 &' B X Y v* s o n
BX 12 G C U Y T Z V X P I R s o n
CA 13 n G D Z A Y s  0
BX 14 o n  g E A B Z s

I 15 U s o n H G K P I R  V D J  E L C A N
VL 16 U s o n H G L P I R  D K E M C A
VL 17 U s o n H G M B I R D L E i ' C li
BX 18 u s o n H G V? D V E X C A P I R
BX 19 u s o n H G X D •’ E Y C A » P I R
TZ 20 U s o n H G Y D X E Z C A

2 1 P I R
21 T Z V N U I K P I R « s o n D J& E
22 F T Z B v :X N U L K P I R f ' S 0 n D J  G H E
23
24 I? T Z V jÜ U L H P I R I I S 0 n 1) J G B Y X E
25



EXHIBIT 8 
(Omitted)

TOP SECRET R I P  610

EXHIBIT 9

COUNT OF THE T"0 ALTER!’ATTVE ALPHABETS

FINAL SCORE: + U 6
-  370

E 8 - 35


