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MEMORANDIR OR R, & O, Mve Thru ¥e Pe & Te Dive

ls There are being forwarded herewith draft spgoifications
and drawings covering a proposed modifieation of Converter Typs
31342, with the request that patent application be filed
thereon in my name for assigmiont to the ¥ar Department.

2. The proposed modificaticn should be considered in cone
nection with further developmantal work to be dome on ihis

machine by the 3igmal Corps laboratories at Fort Homouth
when funds become available therefor on July 1, 1936.

Tlliam F. Frioedman.

Attached:
Specifications an.t drawings.
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In my prior application serial No. 682,096, I discloss a o;;yptomyhi.o"
system and mec_hanlsm, the basic feature of which is the provision of moans

for aperiodically eontrolling a set of juxtaposed switching or sipher commu-

tators giving _“orypwgraphioully a cascade offects In that ayatem the'"iﬁéans

reforred to ﬁjolvos the use of a cipher=key transmitter thx"au‘gh-rwhich @ pere )

forated koy~tape is passed.
The objeat of this invention is to control the juxtaposed eipher eommu-
tators by means of an associatod set of ¢am wheels of diffof'oih't 'diamotal;a',

thus dispeﬁﬁiﬁé with the perforated tape referred to aboves

The mient'ion ip described in conmmection with three dmviingb. ‘ B"ig." 11is
a schamatio diagram of the mschanism, ineluding a set of five cam wheels eone

trolling a q'o;*ji;'espouding number of electro-magnetic, steppinéflﬁ'aﬂcda' fOr _

offectihg angﬁlar displagement of the comutators. Fig. 2 shows paired eirguits i
ooruip'bnding to a set of ten cam wheels for pleotrically ouxi't‘r.o‘il.ing the five

lloetro-aagmtic. stepping devieen of Fig, 1, together with iaﬂ.tghing msans

for intorchanging the eleotrical conditions set up by the camwhoeln- Fig. 3

giﬁi lm datnlls of a vam wheel.
B _'.Réforring' 4o Figs 1, there are shown the following elomé?ﬁ't.é}?ilhlch are

W un-kamin tha art applicable to modern pryptographs employingsrﬂtablo

: c&phoi' oomutatorsl “the numeral 1 generally designates a stand&rd typm&tar
iy . keyboard: provided. with a set of keys for closing a a§t of ooﬁﬂacﬁ aorte_épénd-

& ' Lng fé' .;b'h'até.et“oﬁx‘ 61&&0:;%;‘ the numeral 2 genaerally dasi@at@ii@,ﬁﬁank"w_o‘f reoord-

‘3)" L ,! . "l" . ?
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ing or fndicating devices which may take the form of a sst of magnets of &
printing sechanism, or a st of glow lanps to indicate by m;wu@ of
qup;rh?qud lé%taring the uhard'éﬂtor oqnivalonta resulting txfom opemucu of
@_.‘koyb?‘ardg 3 gonerally designates a set of juxtaposed, rotatab&e ciréqit
ohangmcom:'\wtod in the form of awitghing commutat ors cmmly bal}ed )

. ,1p)§or ooﬁmﬁio.re, mountable upon & common shaft and arrang% tn ;-o_ﬁata_ |
Qo@ﬁln to one another and to ﬁ,xod end plates, in order topmvidoahrgo
munber of vvnr:l;ple‘ paths for the paesage of an sleotric curr@_t. repreemmg
a message oharébter set up on the keyboard, thé exact paﬁh traversed in each

~ instanoe being determined by the relative rotatory positions of the whole set
of olpher commutators and end plates ét that inastant; 4 generally deaignates
a set of ptepp;;ng'moohanisﬁs for effecting angular diaplaa«néﬁ{s.iﬁ;f t‘ho“'beiphor
eam&'aiorao The essence of the present invention oonsistq in tho provision
of means, imﬁatod gonerally at 5, for controlling theso atappingm«hantm
ﬁruu@ the intermediacy of & set of pawls and ratohets, and mwbagln asso-

| cianted with tho‘;lr‘atcheta, the cams opening and c¢loaing circuita.__‘t;z?r opsrating
the olcetro«mgnouaally controlled stepping mechanl@. | :

. roo myiﬁ#émn elemonts of the ciphor commutator oontrolaeambly. %

are as followss A set of five cam whaels 6, 7, 8, 9, and 10, are mounted upon

a comon ‘ohd!‘t’_,"’ll upon which they are individually free to rotatt. %.“;Btg}.dly

- ﬂzod to easch qam wheel are the respective ratchets 66, 67, 68, 89, and 70,

e
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driven by pawls 72, 73, T4, 75, and 76 under the action of megnets 77, 78,

79, 80, and 81la These magneta are actuated by a set of oirouits having &

‘omuon gonductor 134, in which is inserted universal keyboard contact 384

Enal; mtoﬁot h;ép ;n‘diffaront number of teeth, the numbers prsfarablyboing
priue .1;0 one anather. For exampla, let ratchets 88, 67, 68,69.3:1«! 'IOhaw
51, S0, G‘B.' 47, and 43 tooth, rea'pactivaiy“{ The cam whesls umociatcd w:!.th
th‘ var!.ouu m‘hchota ara of diameters and have their periphari&adivided up
into mmb‘m of gagmemta corresponding with the numbera of t“’th.. on th-ai,:é'gteh_at
‘o wﬁeb each m whoel ie attashed) so that, for emniplé; mﬂm). Asvgghw m:

p&r&p&qy d!.vidod up into 51 equal sogments, cam wheel 7 !mn.‘;‘t:té.‘pqﬂ;phm die

ﬁﬁﬁﬂpiﬂto 50 equal segments, and so ons Tho segments on the varimmm
' ‘whesle ‘are.iade of equal angulsr length and, for keying purposes;’they are
‘aunbered vo. that the st of cam wheels can be aligned to a béhah mark aceording

toa yrgarrmm koys The pegnents of anch cum wheel are olntm,aud.‘mto :

these slots aré; inserted sm_ll 8lidable plates. These platos'\;;m»'o!"two='norts|

& plate vith o plane surface, so that whon inserted in the sXot ifs top mirfae

is flush with the rims of the cam wheelj a plate with a buttop or longiipdiaal

. t g
Sl

rid projMing?rm its uppér surface, so that when .'msor'tad S.ntho slot the

button ar rib Frojests above the rims of the cam whoels The distribution of

one.of the elemairts of tho oipher key to the systems Thens plates ‘gontrol

.

rhp it P e e > -




REF ID:A521740

céntaat levers 86, 87, 88, 89, and 90 and their respective sontaots 86', 8?‘,
88, 89, and 90; that s, whon & plats with a button is presented to oontast
~ lever 86, for @ple, the button serves to slose contact 86.,,." oggerﬁse‘ihut
. ¢ontact regmin'oj'?open’. Contact levers 86, 87, 88; 89, and 90 coutrol 'atépping
magnef;; 11, 12-,_'?_.‘1.3, 14, and 15, which operate the stepping moehaninm of th6
eiphar coumutat'pra. in a manner presently to ba explained. |

With the arrangement of cam wheela shown in Figs 1, the &rypiagmphic

period of th@‘iﬁsambly of cipher commutators is equal to the product of the

mimbers of testh in the sst of ratchets 66, 67, 68, 69, and 70. In this case,

with the rumbers of testh being 51, 50, 49, 47, and 43 respectively, the pariod

is 252,523,950+

. :'ﬂ@'mnm.r in which the system ag & whole funetions will: now be desgribeds |

R

. ?hi ﬂ.rat etopo‘,‘t of course, is to set the eryptograph to the prodehmincdkay.
This gomprises the following elamentss the horizontal permutation or arrange-

zent of. olphcr"%:onmtators on the shafty the rotatory aligmq%nf ‘of ‘the eommu-

the otw wheelsy the rotatory alignment of the cam vheols according to a group

Wmmnﬁﬂim on & bench marky ﬂu;lly; the erypto‘g,f-g'i,'b:ﬁis.gg_gﬁio the
enciphering poaltion. Wnen the key corresponding to "A® e dququsaéi'on the

keyboard a ourrent flows from battery 46, slong 'aonductors-m:fafa;v;q 'ie"lea od

=l
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o’onta.-og 49, oonductor 41? conﬁacts 37, 42, conductor 50, oon§acta- 51 on tho‘
latf ond platq‘of the cipher cammutators, thence through the ;ommuﬁators;
emafging at‘coﬁtact 52 on the righ£ ond plate, cohductor 53,pontée£s 44; 38,
OOndugtor 43, ?o lémp or indicating device "Y¥", cOnduétor 54 ﬁack to battery
46. 6pon rela%éé of key "A", and at the end of the roturn e%###%iqh;or4;§ok
~ stroke of a un;vgraal bar on the keyboard, universal contactAéé;#iig;ogea aﬁg,_:
a ¢irouit is p;aaad th;ough'the set of magnets 77, 78, 79, 80, and 91; oa@sing
the pewls ?2; 13, ?4, 75, and 76 to net so that ean whaelaiﬁ,;V, 8, 9,‘;§d 10
are adftnﬁgd oﬁo stepe. A single magnet can of course be uaed:far'ihia purpose,
with modhaﬁicai means of affecting ench pawls The univorsal‘ko§ﬁoafd contact
ci;euit inoludes relay 91 which céntrols contact leQeﬁ%kﬁz and gontaot 93,
uhiegxia in thé,oircuit controlling magnets 11, 12, 18, 14,_@#&;&5, 80 that
gqr?gntfcan pagé through the latter magnets oniy at t#g;insté£t §§ed=tho.un1-
ferﬁal eontaqtiig oloseds 'hen the cam wheels 6, 7, 8, 9, nqﬁf%@ are aaancoa
ono'atqp, a na% hombination of operative and inaparati#e contgéi:lavars 86 to
9 and of ope'u'",-:and closed contects 86, 87, 88} 89% ana 90 ia'-s‘e'_&:.}‘tup, and cor-
mmmg thorato magnets 11, 13, 13, 14, and 1$ are aa‘tuat?é Thasa Edntrox |
the d@;;iaoem§%£ meohan1sms assosiated with the eipher coﬁmu%?ﬁ@?@{énﬂ set up ;i
8 m pnh thmgh _ﬁw c@tators for the encipharment of the next letters
.-TQ:ﬂeoiph;r €he mesangp,'scrgwles is revolved to set thévﬂ?it°§.§19t’ 94
'ié tﬁpiﬁbciphdfing ﬁoaitioa. The cipher comuutators end thaééaéjﬁhegislmnnt

N
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of gourse also be returned to their initial position and arrangement in en-

e!phoring. It io unnecessary to trace the deciphering circuits through, oinge

this phaga of o‘pemtion‘by means of a reversing switch is voll known in the

art.

I6 would ba easy to provide means, oonsisting of a simple pvitehboard 100

- with a plug ahdf'jaok arrangement for commotmg contacte 86’ %,90' 40 magnsete

11 to ’15 in nny"i.one of 120 different permutations.

In Tig. 1I have shown an assgmbly of but five cam wheels, one for mh
gipher avoma:tat;f. But it is roa«;uly posaible to have a set oftnn ‘¢am wheols
wl;:loﬁ anéll'&:.;:iblo'fotrioally combined into five pairs to gontrol the fﬁv; eipher
#@hﬁorﬁ. ?ﬁio 35 shown ochematieally in Fig. 2, in which 11, 1‘8; 13, 14,
and 15 a;"e' the similarly mﬁnhsred magnets of Fig. 1, for oontralung thantpppiag

neshaniens of t'ho‘oi.phor gommutators. Contact lover 86 i» th_ol, ',anngin 84 the

sicilarly numbﬂrod conﬁan lover of Fige 1, exaept that this lever is now asso-

olated with two oonteots, a lower contaot 86', aninst whioh 1% noﬁmlly resto,

and an upper oor;taot 86" which 1t touches when a button on the cam wheel is

presented to the contact lever 86, Contasct levers 87, 88, 89, and 90 are of

!

the same form ua oontact lever 86, and serve similar mnotionqi_,ﬁhay are homoloe

mgtaliun&rly numboered lovers of Fig. 1 and, like contact Imr 86 of Fige 2

vt.lay are cach sosoclated with paired contaots. Contact levera; 186, 187, 188,

189, and 190 aré"fiva additional gontact levers pimilar bo 86, 87, 83, 89, am

90y they are assooisted with and oporated by five additional eam whesls, so that

=l
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%hoﬁ are now tén cam wvhoels and ten contaoct levers. If the mmbors of seg-
Mo on ¢am wheels 6, 7, 8, 9, and 10 of Fig. 1, are as 1nd1§ato§ before,
nanely, 51, 80, 49, 47, am’i 43, the numbers of aognaﬁto on th‘g' ud@itiom
'ﬂvo’v cam ﬁheelg way, for example, be 41; a7, 31, 29, and 23. Thecomplﬂe
por).od"c.xf‘..the vé?;dle system of ¢am wheels in this case would be 51:50 x. ;9 x
wau:n?&xnxmxn. E

In Pig. 2, ,itht switchboard 200aerves as a means for i.ntorconneutlng the

contact levers 86, 87, 83, 89, 90, 186, 187, 188, 189, and 190 -in pairs, and

by a multdtude of different arrangsnents, so that the five aetsd of paired don-
taot levers control the five megnets 11, 12, 13, 14, and 15 by apaind relation-

shipmld.md below. For ewm.npls,‘an intercommected in Figs 2, maget 11 is
wnt.rolm‘ Join?.;],y by contaot levort_z 86, and 187 magnet 12 1scmstrollwd ;_ointly
b&?ééﬁ@g@t 1aw§é§‘isa and 189j magnet 13, by 90 ana'lsé; magné{f#%, b 68 and
156}#6‘@1@ 15."::'& 87 and 89, The relay 91 in Fig. 2 is the samas the simi~-

iarly numbered ‘ﬁlay on Pig. 1 and serves tho same function, nmnsly, to apply

_ mmml gd tha ‘oirguits oontx:ollod _by._ contact levers 86, av.z-?ga-.;;ae, 90, 186,
lé?., xaa, 189.19001111{ on the h;ck stroke of the universal ba tho keyhoard.
ﬂlomamriu which a magnet 11 of Fige 2, fof example, homtronodby
ite t;ﬁmilyéosociated contact levers, in this omso 86 andlBT, 1§ ap follows.

Suppose eontact lover 86 ls at its lower position, against eoﬁ#&g#ﬁf,éﬁ", there

W tt twmm en the periphery of the first cam wheel ap}ato whigh ix

o
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flush jith the rim of the wheel, that i.s, no button 1s presonted to emtao§
lhor ﬁs;i thst at the same moment oontagt lover 187 is at itn: upper puiﬁm.
agsinit L}a uppor gontact 187/, there balng at that moment o;'_z tho poriphory
of ';hq ‘u;mth:enm.whaol a plate which bears a projseting button. A ctm[uit
is ut'abuahod;}thum battery 33, condustor 136, contact lew;*%of félay
91, whteh 1o &;_.that moment energised from the keyboard as oxphimd »ahm.
'oontwk}-"?s.‘ coi;dx;ct.or 26, contact B6’, contact lever 86, opnduﬁq;x.';av. flox-
idle uondixﬂor.'siza of switehboard 200, conductor 129, througﬁ'-_lw n.m.
dugtor ngo, nggimo conductor 131 of qwitchboaﬁ 200, omam;w 132, contact
m?“'apinct Qﬁm oomtact lever 187 is nov resting, c’onduoterﬂ-ﬁ‘s."-&ék to
bn‘tim'y 35- Iﬁagnct 11 {s energineds It will ba soon that nagnet 11 &8s subjeot
to four. sanditdonss |
(1){ Contagt laver 86 13 making sontast at 88" when conté;ﬁr Mvor 187 4»s
making contact at 187, No oirouwlt will bs mabmf_zg; through magnet
T § 1 ):‘aimuso beth levers are them ooﬁn«eted- to the maiﬂo of the -

S pattary 38

‘ (3) Gontast lover 86 is making oontact at 86 waen contah lenv ié?%ls '
aakh‘i‘s contast at 1877 A eirouit will be estab'nshﬂd'ffth”“zh

(8). Comtsit lever 86 is making contact at 86 vhen gombegt lever 167 is.

making contact at 187 A oircuit will bs established through magnet 1l

«8e
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(.4) Contact lover 28 is mgkihg_contact at 86'-' vhon contact lever 187 4s
makzi‘;ig eontact at 157". No glrcuit is astablished;:'jthfough mg‘n‘of li. '

The eaawse‘b of four eonditions apﬁliw to xﬁagnata- 12, 13, 14, and 15 and

-t'lioi-r uiooi.atl’ad eontact levere and contacts. |
By intor&%zéngmg the oonnections eatablished at switchbb&rd 200 ‘ﬁgr.oat

varisbility in eleotrical effacts of the set of contaot 1mz_§ i;f_g}:oraaa
for eryptograpl;io keying purposes.

In Pig. 3I'u Is‘ho\m a detail of one of the cam wheels, iiﬁh "1ta uléﬁ 301,
renovable y?latgs 302y and ratchet 303, One of the plain pla;hais' shewn at
302 . mpw,oe are provided with springs 304, 305 to hold the. plpt_e- in

plage when 1pa§rted in the slot.

.
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"3+ In @& ceryptograph, a keyhoard gomprising sharaster elemants 4n
operative elootrical aonnestion with corresponding aim&ng'Wa; ,

'f":;;ggmpr{ﬂng e set of juxtaposed, rotatable commubators for varying

the ;mmioua between the keyboard elements and sald aipal&ugal,m; :
| : ' R *

a sat of cam-buaring rotatable momborss means for -mguluiyué#épm&ns '
m mborﬂ upon opnrat.ipn of sald keyboards a set of emﬂiwm and
asssolated gontacts controlled by said eamu-hﬂaring mberu;auztmco- Lo t
ammw w.‘lth oaid ue*tv of cam=bearing manbers to ei‘!‘e@ pomﬁatiw. stop=
mcmpmamma of the comubators.

 Se ‘; In. a oryptograph, a keyboard conprising ohamtof oi@nﬁs in
cmtinamerlcal comnogtion with sorresponding a:lguanns otmm;
means gomprising & sot of Juxtaposed, rotstable umm m varying
the ﬁmect‘io;zc betwoon the keyboard elemsnts and sald a’.gmuns Mnl
s ‘“'“ cmobaaring menbore) means for angalarly d&eplmhg gadd menbers

upon operutfon of eaid keyboards end means goordinating esid sumbenring

nesbere mh -ﬁic sommutators $o effect permutative, aﬁmiaampmmmg
ﬂi"gha caﬁ%f&ova.. | | | |

3. Ina ?ryptogmph, a koyboard uanpduing ommﬁi QIM: in
. oparative g,xmrieal conneotion with carmponding aﬁ.@naling slwm; m
- cmwh&nsa iot of juxtaposad, r&a&aﬂa «Mtakm favvnrytag thggm
ummmnen the keyboard elenents and said eiznanngolmasg st

wle
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| Qf m-bmiug rotatable membersy means for angularly diopiaﬂng sald
" mlm'l upon operation of ealdd kaybot;rd; and a series of a@@ggtor uteppius R
‘Wﬁs,"}tho'.wboarmg monbora boiug elostrionlly aaooetahd w&tﬁ the
commtator éopping mochanisms to effect permitative, ntsmn‘ duplaamtu
of the cmiatm.

- In a. cryptogra\ph a kuyboard somprising charactor aw in
omtxivc -owueal -gonnection with corrgsponding s&ml@ ﬁmmﬁ;ﬁ; weAne
qmimg. s set of juxtaposed, rotatsble somwtaetors for varyiagzhg com-
nmw:baﬁ;un the koyhbard olemsnts and sald signaling ﬁlmui tvpli;-
ﬂhﬂ#.nf sate of cammboaring rotatable memberui meana for cffwﬂng atep~
wvise mggaxlnr d!.aplnamnta of sald vam-bearing members with inéividml doe

a , 'Mm of tho keys of suigd keyboua; axd monns eeordimung ma ms of

mm mm to affm permutative, otepwise displ s of the -
nmtatom.
B» In n erymoaraph. a keyboard comprieing ohameter m&: 1u

omtho olntrieal comevtion with eorrespmding ai.gmung amnta; means

Wuing a. mt of Juxtaposed, mtam&o conmtatare for urying tao Q00
nmlom an tho keyboard olements and sald signaling ohﬂm’tﬁs; s plue

rnli—ﬁ of cam-bnr&ng manm; means for effesting newlspg.ﬁgglar _"dtapzaw

um of m m-burins nembers -
bm; a urha ef commutator stepping meshaniens: sash ompr&atna an ahacm

B
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magnet and an associntod ratehot and pawl, each retohet and pawl actuating
yits asgoeiated cormutator, the set of commutator stepping mechanisms being
controlled by the snid cam.hearing members associated ns a group socordinated
collestively to sffect permutative, stepwise displacemsnts of the cammtators.

8. A mechanigm of the charsster described in cleim 5 in wh;ch the periph-
ery of oach eam-bearing member is divided up into equal-spuced sqgmeuts, ihs
'numbera of segments on the respective cam-bearing members being prime to one
another.

7+« In a eryptograph, a keyboard comprising character elements in opers-
tive electrical connoction with corresponding signaling elgmentsy means com-
prising 8 set of juxtaposed, rotatable eommutators for varying tho eonuoctionnv
betwesn the keyboard slements and sald signaling elementsy a set of commutsa-
t;org;ﬁoppin@»mohanmm corresponding in numbqr to the numbar of commutatoros
a get of contact levarm and assoclated contacts oontrollingbthe opsration of
gald commutator stepping mechanisms, eald eohtéut 1§vere mg operatad by
a set of rotatables sam-bearing memberss and meané for argular‘lj displacing
eald eam-baﬁiring meubers upon susoeseive depressions of th; koya of eald
keyboard.

8.. A mechanism of the charmcter described in elaim 7 in which the
mambere of camg on the respective cemebearing meumbers are prime to ond snother.

9, In & e¢ryptograph of a characier desgribed, the combiration of key-

w3
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board elements and signaling elements; a set of juxtaposed, rotatabls commu-
tators for verying the oomnections betwesm tho tvwo sets of glemmteg a sories
of oamutator stepping mechanisms for displacing tho r-epapem‘.!ﬂr}oi commutatorg
ina oiopaiso manners a set of cam-bearing members for eontrg_il#.ng the aomw
mutator stepping meshanisms to offect tha stepwise diaplacémn-bu of the com-
mutaters in a permutative manner) and means for offecting a{,epwi.ee Fiispiaee-

mente of saild cam-bearing members.

10. In a oryptograph of ths character desoribed, thea gembination of
keyboard elementa and signaling elementsaj a set of Juxtaposed rotatable vome
mutators for varying the connections between the two sets of elementsj a
set of comutator stepping meshaniems for displacing the respective commuta.
tora in a atdpwiﬁe marm'e‘rg and a plurality of rotatable camebearing munbgra_:
for aolleetively controlling the sommutator stepping mechanioms to effect
the steprise di.aplacaments of tho sommutators in & permutative wanner.

11, A meghanism of the sharacter deseribed, comprising a aet of sle;nwts
oongtituting the keyboard, and a set of elements comstituting a nimling
bank, said sots of oloments being electrically 1nteri-elated;f n"_'s_;oﬁ of Juxta-
poRed, rotataﬁlo switehing devices for varying the eleoti-ios;l relation batwesn
ths two sets '°.". elanents; and meam. for effacting atepwiaa. diﬁphcun_enﬁs. of
the Mtchiizg devices in an irregular menner, egid noans 1n§;a@‘ing a éet of
retatadle cam-bearing members sontrolling the at‘apwuo displecenents of the

switohing devices.
. "
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12. In gombination a 2et of character elements eonstituting e keyboa‘rd; |
Q sw!wh 1nd.’ividua1 io oach olement and operabiel thereby‘p: ﬁconwponding
nfmbﬁrvof translating daviges Opemﬁla by aald olementap aﬂr&ng eyatm |
zﬂirpwad Metween said switches end sald translating dtM.éé#_ :r_émm#ing o
aﬁihble nv;txltipl.ulty of oloatric&l paths‘ betwoen said Mtahcsand sudd
am@{ andnwana opsrable in irasp‘msa to sach ko;f opamt&on farselmias
a group of eald pt;ths, aald lagt mmed means comprising a aet of ‘contfaw!
lavers 'Aa.nd @souﬁtod gontacta eontrolled ﬁy a*élurauty»ot" rotutabloem-
' Mslm‘m&rn angularly displneqbla in responss to each key ;ﬁﬁt&on; the
numbers of m on the raumctﬁe aum-ﬁaa-ring nembers be&ngiprimo.to one
ey
| 13. _I;"Q@Mmuon a set of character almﬁs-cmﬁé@iﬁﬁgzﬁa@" key-
Wd; Mteh lndivimml to eaah .eelmmt‘ and ‘opemblo thor;is}g iu &orm;wnd-
ing ‘n.mber' ;f '.tms’mung devioes .operable by said elaments.;} [} v_:tiiné systen
MBrpmtd batmn a’aigi swvitches nnd sald vtx;enniating dmes rend;aring

avatlable a multiplicity of elestrical paths botween said seltéhes and esid

L
e

.

deviges vhoréby each switeh mey Desowmo wsmogiated vﬁhmym&ofa phurality

of patd i %‘hung devises, said system somprising mauatahiymh gone
mtm whereby the viring eyetem may be glven an initial settingpmys,m
one slestrical path for oach awitehs and méns operadle in '-tésﬁbut ta‘careh ,

kay:oin\muon for shanging sush sotting, sald last-.nmmed méﬁ__ﬁé ‘.tmléx‘prieingj a
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,“ of canehearing membera angularly diaplacablé in rasporiée to Tinﬁivﬁuﬁl -
kof ﬁpemtibn, a sot of aontact levers and aﬁaociatm-oonéédéé oéamﬁéd by

qui‘g‘cnnvr.»bo_;xiug mombers, said vontact levers and ofontaqtai éoritroilin‘g the -
uao}g:@gt-ion ;A’of’ each sald awiteh with any one of né.id plmutyoftmmlatm

deviges.
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In my prior applieation serial MNo. 682,096, I disclose a eryptographic
pystem and mechanism, the basie feature of which is the provisidn of means
for aperiodically controlling n set of Juxtaposed gwitching or cipher eorrmu-
tators giving cryptographieally a‘caache affect. In that system thq menns
refdrred to invﬁlves the use of a cipher-key transmitter through which a @av—
forated kay-tnpe ls passed.

The objest of thic invemtion is to conirol the juxtaposed cipher ocomu-
tators by means of an agsociated seb of eum wheels of different diamaters,
thus diapens;ng with the perforated tape referred to above.

The invention . 1s described in commection with three dmwinga.l Fige 1 io
a gchematic diagram of the mechanism, ineluding n ast of fiva cam‘wheals con=-
trolllng'a corfesponding numbar of elasctro-magnetic, stepping:gevicea for
offocting angular displacement of the coomutators. Fige. 2 shows paired circuits
corresponding to a sst of ten c¢am vheele for electrically controlling the five
elestro-magnetic, stepring devices of Fige 1, together with switching means
- for interchanging the electrien) conditions eet up by tho cam vwheelss Fig. 3
glves amme detalls of a can wheol.

Rafarring to Fig. 1, ﬁhere are shovn the following eloments which are
'w011~knoun in the art applicable to medern cryptographs employing rotatable
eipher cotmutatorss The numeral 1 generally designatoes a Btaﬁ&ard typowriter
keyboard provided with a set of keys for.elosing-a gat of coﬁtacta correspond-

" ing to character elementsy the numeral 2 gemerally designates & bank of record-

— ki b

1 ..... ’ ,"1-'11",
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ing or 1nd1cating devican which mny take the form of a.set of magnets of a
priﬁting mochanism, or a set of glow lamps to indicate by illumination of
supsrimposed lettering the charactar‘equivalsnts resulting from operation of
the Eoyboﬁrd; 3 generally designates a eqt of jqxtaposed, rotatahle circuit
changers constructed in the form of gwitching comutatom oma?mnl'y called
eiphof commutators, mountable upon a common shaft and mrrané&d to rotate
relative to onos another nnd to fixed eﬁd plates, in order to provide a large
number of wariable pathe for the passage of an slectric curreant representing
~ a movsmgs character set up on the kayhonrd, the oxnet path traverssd in ench
inatnncoAboing determined hy the ralétive rotatory positions of the whole oet
of oiphor commutétofs and ond pl&tos at that instant; 4 gonerally deaignates
a sob of stepping mechanisms for offecting nﬁgular giﬂpl&cmnﬁnts of the eipher
commutatoras The essenee of the present inventlon consists in the provision
of means, indiecated generally at 5, for controlling these steppi.hg mechanioms
through the intermedimcy of a set of pawls and rntchets, and cam wheels 2830~
einted with the ratchéts, the cams opening and closing circuits for operating
the ele?tro—mg_ne‘tically controlled stepping mechaniams.

The most important slements of the cipher comrmitator 'cmirol ascembly, §,
are ap followat A et of five cam wheels 6, 7, 8, 9, and 10, are mounted upon
a g¢ommon shaft 71 upon which fhay are 1ndividua11y free to rotate. Rigidly

fixed $0 each eam wheol are the respective ratchets 66, 67, 63, 69, and 70,

-3~
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driven by pawls 72, 73, T4, 75, and 76 under the action of magnets 77, 78,

?9; 80, and 8l Thoss magnets are sctuated by & set of cireuits having a
eommon eonductor 134, in vhich is inserted universal #eybomrﬁ oentéot 34.

Each ratchet has a different number of teeth, the numbers profamblg boing
prime $¢o0 one anothere For example, let ratchets 66, 67, 68,A69, and 70 have
51, S0, 49, 47, and 43 teoth, respectively. The ecam wbmlé gaaoei,&ted with
the various ratchots areiof diameters and have their paripherisg divided up
into numbers of segments corresponding with the numhers of tfeeth,on the ratchet
to which each cam wheel is agtached; so that, for example, cam wheel 6;has its
periphery divided up into 51 equél segmonts, cam whoel 7 has its boriﬁhery di-
vided up into Sﬁ equal segmonto, and 80 ons The begmants on the various oam
wheels are made of oqual mngular length and, for keying purposés; they are y t
~ numbared so that the set of cam wheels can be aligned to a bench mark agcording

to a prearranged keys Tﬁe segnenta of each cam wheel are slotted, and into

these aléta are inserted smmll slidable plates. Thene plates are of two sorts:

a platg with a plane surfance, so that when inserted in the slof its top surfw o

ie flu#h with the rims of the cam wheelj & plate with a button of-lonéitndﬁnal

rib projecting from its upper surface, so that vhen inserted in the slot the

button or rib projescts sbove the rims of the cam wheele The distribution of
the, twg.sorts of plates wiich are to bs inserted in each cam wheel oomstitutes

L"8 2R R

ong of the elements of the cipher key to the system. These plates eontrol
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contact levers .86, a7, 27 B9, and 90 and thelr respnctive contnctn 86', 87;
88’, 89, and ‘30’; ﬁ'mﬁf, is., whon a plate with a button is presented to contact
lever 86. for example, the button sarves to close ccantacf 86’, otherwise that
contact remaing open. Uontact levers 86, 87, 83, 89, and 90 control stepping
mweta 11, 12, 13, 14, and 15, which operate tha stepping mechanismg of the
eipher commutntora, in o mannagr presently to be explained.

With the arrangament of cnm whesla showm iﬁ Figs 1, the cryptographic
poriod of the assembly of cipher commutators is equal to tho product of the
minbors of toeth in tha rot of ratchets 56, 67, 63, 69, and 70. In this oase,
with the mumbers of testh being 51, 50, 49, 47, nnd 43 respectively, the po-iod

is 252,523,950,

The mannar in which the aysﬁm ng o whols functions will now be de‘scribo@d;
The ﬁrst. step, of course, ig to sat the eryptugraph to the pi‘edageminad keye
This comprimes the following elamém:s: the horizqnml permutation or arrenge-
ment of cipher commstators on the shafty the rotatory alignment of the commu-
tators, ascording to a group of letters aligned on a bench mrk';-..t-ha oxact dic-
tﬂhuti&n of tﬁo two typres of olidable plartes to be 1:igartsd in ﬁhe alots on
the cam whoolsj tho rotstory aligment of the cum whesls éccording‘ t0o a group
of? charnoters: nligned om 2 bheneh marks finplly, the cryptograph is set to the
mipher;ng positions Men the key eor;responding to “"A" 19 do.prvas‘sed on the

keyboard a current flows from battery 46, along conduetors 47, 48, to closed
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eontact 49, ocondustor 41, contasts 37, 42, conduetor 50, contacts 51 on the
loft end plate of the ciyhgr commutators, thance through the commutators,
emerging at gontact 52 on the right ond plate, condustor 53,Aconxactm 44, 38,
eonductor 43, to lamp or indleating devlcev"f", eomduetor 54 back to battery
46. Upon relanse of kay "A", and at the and of the return axéursion or back
stroke of a universal bar on tha keyhoard, universal contact 34 48 closed and
a eircuit is passed through the set of magnste 77, 73, 79, 80, and 31, causing
the pawls 72, 73, 74, 75, and 76 to aet so that cam whaeels 6, 7, 8, 9, and 10 °
ara advanced one step. A single maznet can of course be used for this purpose,
with mochanical means of affecting onch pawle. The universal keyboard contaot
cirouit inoludes relay 91 which eantrols coéﬁact levor §2 and contact 93,
vhich 19 in th; eirc#it eontrolling magnets 11, 12, 13, 14, and 15, so that
curront ¢nn pass theough the latter magnets only ot the instant when the uni-
versal contact is closeds ‘hen the cam wheels 6, 7, 8, 9, and 10 aro advansed
one step, & naw combination of oparative and inoperntive contact levers Bs-to
80 and of open and closod contacts 86, 87, 88, 89 and 90’ is set up, and cor-
rospbﬂ@ing théieto magnets 11, 12, 13, 14, and 15 arevactuatga- {Th@se ocontrol
the displaeemaﬁt mechaniams asaéci&teﬂ with the oirher coﬁmufﬁtors amd sot up‘
a new path through the commutators fo? the encipherment of the'néxt letter.

To decipher the message, screw 65 is revolved to set thé switch plate 94

to the Qeclphering position. The eipher commutators and the cam wvhesls must

yr 1 ‘. LAY
gRTE
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of eourse algo be returned to thelr initianl position and arrangemont in en-
ciphoring. It is unnocessafy to trace the deciphoring circuits through, since
this phase of oéoration by means of a reversing switch is weli known in the
art.

It would be easy to provide means, consiating of a gimple mﬁitchboard 100
with & plug end jack arrangomont for conmnecting contacts 88’ to 90' to mapgnets
11 to 15 in any one of 120 diffarent parmﬁtations.

In Fige 1 I have showm an assembly of but five enn wheels, one for each
eipher eommuta;qr.. But 4t 13 rendily posaiﬁla to have n set of ten cam wheels
which san be eleotrionlly combinad into five pairs o contrel the five cipher
commutators. This is shown schemotienlly in Fige. 2, 4n which 11, 12, 13, 14,
and 15 are the similarly numbered mngnets of Fig. 1, for comtrolling the stepping
mechangams of the eipher cormmutators. Contaet lover 86 1g the same as the
s;ﬁllarly numberod.contncf laver of Tige 1, except that this lever is now asgoe
einted with two ocontaets, o lower contaet 86: againast which it no;mmlly rasts,
and an ubper contact 367 whieh 1t touches when a button on the eam whee;. is
proaontéd to the contact laver 36. 00n§act levers 87! 88, 89,:and‘90 are of
the same form as contact lover 86, ond gserve similar functionsy they are homolow
gous to aimilarly numberod lsvers of Fig. 1 and, like contact lever 86 of Fig. 2,
they are each associated with raired contaets., Contaet levers 186, 187, 1as,
189, and 190 are five addiitional contact levers similor to 86, 87, 88, 89, and

903 they are assosiated with and operated by five adiitional ecam wheels, so that

nﬁ-
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| there ara now ten cam whools and ten contact levers. If the numbers of g6g~
mouﬁs on cam wheolas 6, 7, 8, 9, and 10 of Fig. 1, ars as indicgted beforo,
namely, 51, 50, 49, 47, anfi 43, the numbers of segments o;m the additional

five cam wheels may, for exnmple, be 4%, 37, 31, 22, and 23. The complote

poriod of the whole systam of cam whaels in this cnas would be 51 X 50 x 49 x

47T 2 43 x 41 x §7 x3lx29 %23

In Fige 2 the switchbosrd 200esrves as a means for interconnecting the

contaot levers 86, 87, 83, 89, 90, 186, 187, 188, 189, and 190 in pairs, and

by & multitude of ;1fferen£ arrangenonts, so that the five gets ot paired»con~
taot levers control the five magets 11, 12, 13, 14, and 15 by a palred ro;ation~
ship explained below. For oxammple, as interconnected in Fig. 2, magnet 1l is
sontrolled Joiatly'by-contact levers 86, and 187§ magnet 12 is controlled jointly
by contagt levers 138 and 1395 magnet 13, by 90 and 186} magnet 14, by 83 and
190; magnot 15, by 87 and 39, The relay 91 in Fig« 2 is the same as the simi~
| larly numberad relay on Fig. 1 Fmd veerves the same f.‘ugctian,' namely, te¢ apply
potential to the §1reuits controlled by centact levers 86, 87,. 83, 85, 20, 186,

187, 183, 189, 190 only on the buck siroke of the universal hgg»oﬁ the keyboard.

The mgnnsr in which a mggnet 11 of Fig. 2, for axamp1e; is cantr&lled by

its vemporarily acsceiated contact leovers, in this case 86 and 187, is as follows.
) Sufposo aoﬁtao£ ;ovar 86 1s at its lower position, against contact 86°, there

being at that moment on the reriphery of the first cnm wheol a plate which is

wo«’i“ ‘DEN i t glt
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flush with the rim of the vheel, that isy no button is preseated to eontact
le;gr 863 that at the samo moment sontaot lever 187 is at its upper poaition,. "
againat its upper sontect 187 /, there being at that moment on the periphery
of tha seventh e¢am vheol ~ plate which baars a projecting button. A elireuit
is establiched thus: battery 33, econdustor 126, contact lever 92 of relay
91, which 19 at'ﬁhat momont enargized from the keyboard as exylained adbove,
contact 93, conductor 26, contact 86 , contact lever 86, condugtor ia?, flox-
ible conduotor 128 of switehboard 200, conduetor 129, through nmegnet 11, cone
duetor 130, flexible condu‘m‘tor 131 of switehboard 200, conduetor ;32. gontact
187" s@ins# which cantact lever 187 is now résting;, conductor 133. back to
battery 33. lagnet 11 is anergiséd. It will be soon that magnot 11 is subjeot
to four cmditioﬁss
(1) Contaet lever 86 is making coutact a% 88’ when contact lover 187 gis‘
maki#g contact at 1870 Ne cirewlt will be eatablisﬁad-througb uagnot
11, because both levers are then connected to the same side of the
battery 33
(2) Contast lever 86 is making contact at 86’ when eontact lever 187 is
makir;g contact at 1877, A eirouit will be estaﬁlishad through
magnet 1ll.
(3) Contact lever 86 is making coﬁtact nt 86 when contaet lever 187 is

making contaet at 187, A circuit will bs established through magnet 1l.

B
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(4) Contact lover 86 is making contact at 26" when contact lover 187 is
making éontact at 1877 No eircuit is establishad through mgnet 1ll.

The same saet of fur conditionsg applies to magnets 12, 13, 14, and 15 and
thair asgociated contact lsvers and contacts.

By interohanging the connections astablished at Witchbo&i‘d 200 groat
variability in electrical affescts of tho set of contnet levers is afforded
for cryptogfaphic.koying PUrposes.

In Plg, 3 18 éhown n detail of ong of the cam wheels, with 1ts slots 301,
removable plates 302, and ratchet 303. Ona of the plain plates is shown at
302°. The plates are provided with springs 304, 305 to hold the plate in

plage whon inserted in tho slob.
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1s In a eryptograph, a keyboard eomprising charnotor olements in

operative eloctrieal eonnsetion with corresponding nipnaling elementsy
nﬂ;:homriaing a sot of juxtaposed, rotatable sommibators fm- varying
the §oxmoctiona betweon the keybonrd elements m%d eaid aignaling elenents s
a8 et of ca&-bearing rotatable momberss neans for angulari}ﬁia‘plaeiﬂg
said mombers upon oporation of sald keyboard; a set of contact levers am
awocﬂ.utéﬂ contacts controllsd by said cam-bearing menbere; and roans 60w
ordimatod with seid oet of cam«banring membere to effoct thive, step-
wise displacements of the comutators.

2. In a eryptogrnph, & keybonrd conprising character olemonts in
operative olectrical cormection with corresponding signaling olementsy

meoans conprising a set of juntaposed, rotatable commutators for varying

the comoctions batweon the keyboard elemento and said signaling eloments

a agt of caﬁs—bearing nembersg monns for angularly displapmg said membors
upon operation of gaid keyboardp and means coordinating eald samebearing
m@bem yit!; the comutsﬁom to offoct pormutative, stepaiae éiepheammts
of tho comutetors.

3. In a eryptograph, & keyboard comprising chdrastor elenants in
.operative electricnl commestion with cormapazﬁiug signaling olamonta} means
sonprising a sot of juxtaposed, rotatable commmtators for varying the con-
nections between the keyboard elements and sald signaling olanente; & set

- 1—
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of eam-bearing rotatabls membersy means for angularly displacing said
membars upon opamt;én of sald keyboardy and a series of c.mnta%or stepping
machanisms, tho cam-bsuring membors being élaatricully associated witﬁ the
commutator stepping mochanisms to sffee‘t permutative, stepwise displacemonts
of the ewaton. |

4. In a eryptograph, a keyboard comprising character elm in
operative slectricel commection with corresponding eignaling elementsg moans
comprising a set of juxtaposed, rotatable commutetors for varying the eon-
neotions betweon the koyboard s}ammxts and said signaling almts;. & plu~
rality of sets of cam-boaring rotatable momborss means for effecting stop-
wige angular diaplacanenta of said eamwbearing mombers with individual dee

pressions of the keys of said keyboards and msans coordinating eaid sets of

cameboaring mendars to offect pormutative, stepwise displasemonts of the

cormutators.

S. In a eryptograph, a keyboard comprising character olemants in
oparative olestriecal c;wnnection with cdrraaponding signaling o}mnts; roans
qmﬂnﬁng a:aot of jJuxtaposed, rotatable commutetors for vamng the son=-
nagtions between the keybo&rﬂ elemonts and said Qignaling eiments; a plu-
rality of cam-besring mombersy means for effecting stepwiso angular diap%e—-
nonts of said cam-bearing members ﬁ%‘&h individml kay operation of sald kaye

boards a series of commutator stepping mechaniems each ¢omprising an eleciro-

TR
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qagngt and an associnted ratchet and pawl, esch ratchet and.pawl actuating
$to aspocidted corwutntor, the set of commutator staepping muehanisms being
controlled by t;xe gall eam-bearing membors sssociated a® a group socordinated
eollectively to effect pormutative, stepwise displasements of the cormutators.

8« A :g\qohanism of thé character degeribed in claim 5 in which the periphe
ery of cach gam-bearing member is divided up into equal-spmcod segrents, the
nunbors of segments on thoe respective com-bearing members dbeing prime to o@e
anothere

7. In a eryptogreph; n kayboard gsomprising charnetor olements in operae
tive electrieal connection with corresponding sigmaling elemeniss means com-
prising a set of Juxtaposed, rotmtable cormutators for vmrying the connectioms
batwoen tho keyboard eliments and sa:lﬁ signaling elements; & set of ecemmuta-
tor%stopping}mnohaniama corresponding in number to the numbar of scmmutatorss
n get of contact levers and nssoslated contacts controlling the opsration of
said cummptator stopping mechaniams, saild contanct levers being operated by
@ sagt of rotétable gamebaaring membersj and mewms for angularly displasing
said cam-beﬁring merbere upon suscessive depresaions of the keys of sald
keyboard.

8. A ﬁmhanim of the charactaer desoribed in e¢laim 7 in vmich the
mmbers of came on the respective cam-bearing membsrs are ;jrima to ons snothers

9. In a eryptograph of a charnoter dmcribed. the conmbination of key-

-3- | J;ii ibEﬁ“ﬁi&
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board eloments and signaling elementsy a set of juxtaposed, rotatable sommu-
ﬁn@oru for mrying the connactions betwesn the two sots of_ glmmtm a pseries
of commutator stepping mechaniems for displaecing the resp@tn eommutators
in a afepaiee manners a set of eam~bearing members for controlling the eome
nutator stepping mechanisms to offect the steywise displacomante of the com-
mutators in a permuiative manmerj and means t‘m-'.orfecting stepwise displage.
mté of sald gem-baenring members,

10, In a cryptograph of the charaster doseribed, the combination of
koyboard elements nnd signaling slemantsj a set of Juxtaposed rotatable com.
mut&tﬁm for varying the connoctions botweon the two sete of elemente; a
st of commutator stepping mechanisms for displacing the respestive comuta-
tors in a etepwise mannery nnd o plurality of rotatable cam-bearing memdbers
for aolleati.velj eontrolling the éomutator stopping mochanisms to effoct
the otopwise displacenents of the commatators in a permutative mermar.

1l. A mechanism of the ché.meter deacribad, comprising a set of olements
conotituting the keyboard, and & set of olements écustituting a signaling
bank, sald sets of olements beiny eleetrically interrolated; a set of Juxta-
posed, | rotatable eivitohing devices for varying the electri@ relation. batwoeon
the tvo aots of elamenta; and means for offaecting stepwise displacements of
the awitching devices in an irregular manner, said means including a set of
rotatable cam<bearing members controlling the stepwise displucements of thg

switching devicen.

e
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12,  In combinntion n aet of sharacter elements constituting = keyboardy
a switch individual to each slement %nd oporabla thersby; avoorresponding
numbor of tranalnting daviess opermble hy séi& aloments; a wiring systom
intorposed belweon sald swlichas and enid translating devices rendering
avallable o multipliclity of aelactrieal pathsg b@%WQan said switches and eaid
dovieess and means opernble in reaponsa to ench kay oparnbion for selosting
a group of snid pathz, aald lmgt ﬁamad moans comprising a not of contact
levars and assoointed contnots eontrollsd by n plurality of rotatadle cam-
boaring manbors anguiarly displdamblo in respomse to sach ko} oporation, the
nuﬁborn of cams on the raspective camebearing members being prime to one
anotharg

18, In combination & set of charactor alements constituting the key-
boardy switchvindividunl to smch oloment and operaﬁle‘thereby; 8 eorrosponde
ing number of traﬁalating devices operable by smid ¢lomentsy a wiring system
intorposed betwoen sald switches nnd said trnnslating gevicoa rondsring
avalilable a multiplicity of eloetrienl paths hotwoen szald switches and said
devices wﬁéfaby onch switeh may besomo associnted wi@h aﬁy cﬁe of a plurelity
of gaid ggg?nlmting dovices, sald system somprising ad;uatab;y ﬁovable ¢On-
nestors Wh§roby the wiringz syetem moy bo given an initial gattlng providing
one electrical path for each switchi smd means operablo in respeet to each

koy oporation for changing such setting, satd last-nemed means comprising a

Hu
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key opsratinn, a set of contast levers and associated contacts operated by
anid mm-baaring momhars, ssid eontnot levers and emteclts controlling the
easoolation of ench said switeh with any ong of seld plurality of translating

devicen.
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