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WAR DEPARTMENT

OFFICE OF THE CHIEF SIGNAL OFFICER 8
WASHINGTON

Aprﬂ. 15 ) 1937

NENORANDOM FOR: Chief Signal Officer
(THIU: Channels)

1. Attached hersto 1s 2 brief desoription, accompenied bty two
sket . hes, of a proposed cipher machine invented by me in 1936. The
invention as embodied in the snclosure was conceived in three successive
modificstions or stages which were processed through the Signal Corps
Patent Board.

2. The first stage was desoribed in s aemorandum dated March 24,
1936, In its Meeting No. 2, on April 17, 1936, the Board recimmended
*that the invention be not considered important irn the Natiomal Defense,
and that a non-exclusive license to the Govermment, in writing, be re-
gquired." This recommendation was approved by the Chief Signal Officer,

3+ The second and third stagea, although conceived at separate
dates, were deseribed in : single memorsndum dated April 29, 1936, In
its Neeting Ko. 3, on May %6, 1936, the Patent Board considered the
second nnd third stages jointly and recomzsended "that the invention de
not conoldered important in the National Defemse and that 2 non-exclusive
license to the Government, in writing, be recuired.” This recommendation
waz =pproved by the Chief Signtl Officer.

4o On the basis of the two nctions of the P=tent Boerd, as noted in
Pars, % and 3 above, there would appear to bs no objection to a posgibile
sasle of commercinl rights to the invention. However, it is decmed advisable
to crll attention to the following facts.

S5« One of the elements in the invention as submitted to the Patent
Board in the memorandum of April 29, 1936, included & mechsnico-electrical
acans of providing for a relatively long cipher key, this mesns somprising
a set of cam wheels for operating = set of electrical contacts instesd of
a tape, This means and wethod of providing e key was incorporated in
another invention which was descrided in a memorandum dated March 23, 1936,
and de:lt with a proposed sodification in Converter Type M-134-T2. This
was prooessed through the Patemt Board slso at its Meeting No. 2, om April
17, 1936. Tho Board found that "Whereas, the origimal invention ({.e.,
the one applicable to Converter Type M-134-TZ) was not considered of such
importance as to be placed in the eategory which provides for its being
kept secret, the improvements described in the description acoompenying
his memorandum of March 3, 1936, to Ressarch and Development Division,
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through War Plans sad Training Division, ~re considered as, Importsat in
the Bational Defense.® The Board therefore recommsnded "that, under the
srovisions of Par. 6 g aR 850-50, Dec. 31, 1934, & complete aasignment

be recuested, and huat the invention e Xwui seerst.” Tuls recommendation
was approved by the Onief Sigusl Ufficer and such aszelgnment was promntly
made by me. It ahould be added th ¢ as a result of & detailed Alecusaion,
with the UIC, Ressarch :nd Develoowent Division (Lisut. Colonel Colton),

of the sgtion of the Patent Board in the ckses of reference, stepns were
taken in tise to place the basic invemtion covering Converter N-13:,-.T2 into
the secret category slac, 80 th:t both the baeic patent on this converter
#n¢ the patent «oplic-tion coveriay & . roposed modlfic:tion therecf 212 now
in & pecret stsotus.

6. In view of tus jact tont the proposed onm-whsel modificstion of
Converter k-134-T2 is in the secret category, »ad that & aimil r mechanism
coostitutes a pert of 2nother inveation not in the secret category c-nd
forsing tue subject of this memcrunduwm, I 2esit:te to roceed vith . ny
negotiaticas th:t wight lesd to the assle of comaercisl righte to the l.tier
inventicn, untdl this situstion L1a clurified :nd .11 posaibility of future
ciswaderstwpding is cbvisted,

7. Ia my cpinion, there is aothing nowel in tha use »f = gam-wheel
asseably for produoing 2 oijher key and 1t is doubtful whether this in in
itaelf a putentable idea, It iz embodled in seversl cipher machines in-
vunied ana constructed b commercliad firms, ['or exi.mple, thoze of the
Internstional Teiwphone Liborstories, the Internaticnal Businoss Nachines
Corpor.tion, Hebera, Pemm, =nd others. The gombination of such & cam-wheel
aspombly sith tha rotaulsy, corwutators of Converter k-13%4-T2 is perhape
nowel, and gatent hea ulre.dy been upplied for sa stoted in Pur. 5 sbove.
First aotion of tine Potent Ofiice hus been recelved receatly and & copy
thereof is attsched, It will be seen thrt only limited oluime will bs
nllowed, 4f at s&ll.

8. It 1z my bellaf th t the outright sale of commercicl rights to
the accospraying Lfuveation would iu mo way jeop.rdize the sacrecy or re—
curity of Jonverter M-12.-12 either in ita present form or in & lster form,
should this mechine be sodified in future by the gobatitution of the com-
wheel oasesbly for the ¥ay t.ps transmitter.

9., On the basls of the lorezolng fucta in the sase, luformetion is
regussted Cirst wg to whether the Chlol Signel Officer has 'ny objections
to ay entering inte negotistions which m:y lead to the cutright sale of
commeral-l rights to the invention dezoribed in the 2ceema.nying sapers.

1j. FHelerence 1z m:de to previous prpers in thie cage: Latter duted
Juns 16, 1736, from OIC, Hestaroh and Development Divisiun, CCS1g0, to
Direstor, Signsl Corps Loeboratories, Fort donmouth, Subject: Invention
{(FL1e 2CSigs I73), =a! turss indorsements thersto.

¥1llien F. Friedman

Epolosures,
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Brief Desaription of x Cryptogrs hic Jystes and Machine Bmploying a
Z3ingle, Aperiodionliy-Displaced Cilpher Commutator.

1. 7his invention deals with a oryptographic machine in which the
cryptographic principle is basically as Sollowss

Power 13 delivered to the keydoard at the sneiphering pesition at & spe-
olfie instant lu » period of 26 possible instents, the oipher resultsat
of a givem plain-text letter depending thersfore upon the specific imstant
the keybomrd is mude "alive™, since for eash of the Z6 different instants
s different aixed cipher aljshadet 18 sresented for encipherment, The
order of presentation of eipher alphabets is regular but the sxaet imstant
of the sslection of a specific alpher aljhsbet is very irregular and de-
pends upon & keylng faotor,

2+ 7The muchine consists ba2lcnlly of a single, ocanst.ntly rotating,
26 segmant, 26 charecter ciphur sommutator, l-beled 1 in Figure #1, cone
trolled Wy = keying system including a set of rotstnble, differentinl cem
wheels or an sjulwalent electrical cam arrangemsent, This control systea
oconprises 5 or a multiyle of 5 can sheels which operate contuct levers, showmn
at 2. 7The inter-action of the 5 eontaot levers results in setting up at
the § relays, 3, 4, 5, 6, 7, a parmutation in the Baudot code. Corresponding
to this permutntion there is set uy 2 permutation of 5 transleter bars,
labeled 8, 3, 10, 11, 12, Thesc are slotted members and when u specific
permutation is set up, ons of 32 stunt bars falls into plece and closes a
contaot, 3lsversl of these cont=ots are shown in the sketch at 13, These
oircaits lead to » switohboard 14, on one side of which there are 32 posi-
tions and on the other alde of which there are omly %6 positions. Heferring
to the cam wheels these are of different diameter and of diffarent numbers
of iuntervals, preferably all prime to one ancther, They are individully
rotatabls in step-wise asnnor, under control of the keyboard, The petential
oipher key which results fros such nn arrangemsnt is in length the produst
of the individual interval mumbers of the several cum wheels, Jor exsaple,
1t thexs are 5 cam sheels the first of 100 Lnterwuls, the ascond of 99, the
third of 97, the fourth of 9l and the f£ifth of 89 interwals, the total
length of the oipher key would be 7,777,469,700. This screly meens that
the cipher key would consisl of en upintalligible se ,uenee of ciphering key
‘charseters of corresponding lengtha

3. 7The 32 possidle resultant Bandot permmtations whioh are led to
switchbocrd 14 ars for the purposes of this invention rcduced to 26 by
consolidating 6 of the 3« aireuits into the other 26, so thet thers will
be only 26 different resultant sffects for eryptographic keying purposes.
In this invention this is acoomplished quite simply Ly taking what are
usually kmown as the 6 extrs functions and dhrowiag thes im with & of the
other 26 letter-representing Bandot permutetions. Shich 6 will be selested
to be "doutle-representations” cun be determined and varied at will at
the switohdoard 14,
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4e In this invention the 26 specific effects thus remdersd possible ty
osm action merely detarmine which one of 26 segments eill be mede "alive® (that
is, will be conneoted to 3 power source) on x set of 26 segments in the dis-
tribdbutor head 13, over which brush 16 sweeps in synchroniss with comsutator
wvheel #1, As shown in the figure, thls setion merely aesns that at a given
instent relay 17 is energised, the inatant of energlsation being controlled
by the cas srrangement and will be different for exch key operation at the
keyboard,

53¢ FEhen a specific segment of the distridutor 15 ir made “alive” by
being comnscted to = power source, and when the brush 15 reaches this live
segaent, the keyboard of the oryptograph 4s made “alive® at that instant
by the eompletion of the eircuit from power sourde 18 at controt 19, If »
key is depressed during that oaycle, the letter corresponding to that key
vill be enciphersd in the specific sipher alphabet determined ty the speeific
angular position of the ocipher commutator 1 at the instant that the bBrush 16
reaches the live segment on distributor 15. In other words, the ksyboard is
made "alive® at 1 of 264ifferent instants in the oyale prssed through by the
commutator whesl} each of these instanta corresponds to a different mixed
alphabet of which there is a total of 26, It is to be understood that the
can shesl aspambly is set at an initinl keying vosition by pre-arrsngment
apnd that the cams advance one step or interwal per depression of the keyboard
and RO WOTO.

6. The cipher commutator mey be made a reaiprocal cipher commutatory or by
mitable switohing arrsngements a nonresiproonl enciphering-decijhering re-
lationship may be provided for, if desired,

7. The keyboard 20 1s sonnected to the lefthand stator 21, und the cire
cuits pnas from 21 through cipher comsutator 1 to the righthand stetor 22
and thence to the bank of indionting devices £3, baok to power source 18,

8, Means and alrouits must be provided to prevent the aryptograph from
recording or indlcating a resultnt more than once for the s-me set up of
kuys, 30 that there muy be one and only ome olpher ejulwelent ser keying
operation,

9. Instead of a set of & tranalater dars and 32 stunt bars an arrungement
of mltiple contaat relays as shown in Figure 2 at 24 may be provided if deemed
a0Te practicable than translatsr bwrs,

10, JYor deciphermeat, having a reciproosl aiphering comcutator the key
setting of the cam whesls being the same ns the initinl setting at the enciphering
and the aeyuwnoe of keying char«cters would be identioal st the deciphering end
and the reciprooity detween plain-text and elipher charzctars is estadlished
through the cipher commtator snd the decipherment is effected in a simple
sanner, that is, if at enoipherment at s given instant A equ:ls K them in
deciphsrment st that homologous instan# (with respsot to the oipher key) X
would be deciphered as A,




