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Memorandum For Messrs, William F, Friedman
and Frank B. Rowlett,
WP and T Division,
Office of the Chief Signal Officer,
° Munitions Building, Washington, D.C.

Subject: Improvement in Cryptographs
New Potent Applieation

l. 7The documents and drawings for the above entitled patent
application have now been completed and are submitted herewith for
approval and execution prior to the filing of the application in the
Patent Office.

2. In executing the application, each of you gentlemenr should
be careful te sign his full first, middle initial and last names at
the three places indieated in pencil and then take acknowledgment to
the oath Before a notary public whe must alse sign and impress his not-
arial seals If any changes or corrections are deemed necessary or de-
sirable, please indiecate the same in the carborn copy seat for purposes
of checking. One set of photostatic copies of the drawings is also trane-
mitted at this time for purposes of cheecking,

3. Your attention is ealled to the fact that this application
has been placed in 45§ seoret category and the Patemte Seetion has been
directed teo take the necessary steps to imnvoke the provisions of Sectiom
4894 R. 8. in accordance with the procedure initiated by the Chief Signal
Officer under date of August 21, 1935, When this applicatien has received
& formal date of filing and Serial Number in the Patent Office, mecessary
steps will be tekem to comply with the requirement just montiened and ap~
propriate documents will be prepared for that purposes
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Charles 4. Rowe,
Patents Section, Signal Corps
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Tie invention relales to oryptograph.
: bu Laportant edject of thé: iwvemtiom is to Provide stw
- wad caeful ixpravsensuta in ofipher mechines or sTyptographis meeem- R K
fens witllaing retatiahle commiotsrs for mhhulu s plaln-lunguage ﬁ.
ml: what is qommonly hun as 8 yrovess ot uutitniin, e CTeR ’?
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) ﬂn lli-. chavaetere resuliing from operstien of the kqfﬂurd. e
oot of i-ttih- of. the keybeayd and ';ho # ¢ of Sigualing ok Iadicsting
daviser are donnuched 1o «on other cln\dully oy olmiu and m
tus ¥y weang of whiek' the _araressid -mumu- 1# socomplished.

e crntoguphie priasiple of mh cmtoguphxo -Mlm,
ihhb w31l hepeinaltar b termad sizply eryptugraphs, is Nul o e I.-
uutm_t o? a plurslity of slestriesl ump or paths Jetwess tde
kaydoerd weitohes and the indivabing davioes M m of »
speeis) type mew well kriows In the art. Tuwse cemmptetons mm
in ks form ﬂ' ﬂ.M: diske Begriag an anmpler .t(‘f M“ -uiruq, ~

. - . w
' ' B 1 -
.3 B . - ] -5 =

N 4




REF ID:A39751

{rdividunl contadte of ons face Deaing conneotad by tﬁmaﬁ! condnctorl
paesing ibrough the disk to individual eonisots of the other face in sn
sr¥iwrary secner. In the litersture of o:épt;nma;hu such commutstors
sre ctnod “ cipber whuii " . " coeding c;llnml " s &nd the like 3

vut, for purposes of greater clarity im desoriptisn they will hersipafier
ba referrsd to as " substitution comeutators. ™ In & =ingle erypiograph
thers mey be uwfal mh compuiators Juxtaposed on a cm uhart'. Thus,
whan more than ons substitution casmutator 1s used, the cipher letter ob-
teined upon depressing & key of ihe keyboard is tha‘ result of the passegs
of an sleciricsl curraat alorg a c_omplex path set up throug: all the ‘
Juxtapored =ubstitution comuu;tors, this path being composed of as many
mb—wt& Joined sequentially as there are commutators. In other words,
there io here e sryptographic éffect which is dininotl: a m affeat

of great complexity.

Jryptographe of the foregoing deseription may be divided
;nte iwo satogories. Into one eatogexry may e placed all eryptographs -
baving one or more substitution Comntnforl rotatadly mounted on a shaft
between two fixed énﬂ plates, each end plate Wearing an anwuiar riag of
contacts, the latter being #o Gisposed s to coincide exactly with the
aoutadts on the facas of the substitution eomautasors. In oryptographs
falling 1nto this category ihe ko:ibg switches of ﬁn sapually operated
mboard sra comnesisd to the eontects of ond of the and plates, :hixc
menbers of the bagk of imdicating devices are conmcied to the coatacts
of the oiber end plate., Also n reversing switoh of twice ss many ooa~
teots as there are keys on the ksyboard is provided viioh enadies the
operator %o mtnrghngc the aomnactions deteeen the $wo M pn‘h'n.t the
h,*‘ of indiseling devices and the Xeyboard switchis se as to provids for
s iyhering snd deaipharing equivalenay.

¥,
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.

Into the otber n_.t_mry may be ph&«l a1} cryptographs hav-
ing a single end plate of the type deserided. The latder contncts are,
however, connected to the movable mhr- of.a eet of aingle pole, dpuwle
throv switches, the punber of switches beinyr th same ar the numter of
contacts provmnd'on the end platc;- n;d 0 gonsiructed that tﬁc switches
are contréllgd by the keys of the msmually oparsted k_cybourﬂ.- \d jncemt
to %.¢ above-dasoritied end plats 'a';u mounted sne or more subefitutiop
comeatntors, the rinal comsutator, that is, the.ome most remote from the
snd plaie, beins what ip lereismfter ciuu_ﬂbed and referred to ar a
* reversing commutator " . ‘'i‘e mon of the rewrsir.né co-m‘tn_tor i
to relurn a ourrent enterins tl.u sommatators at one contect on the epd
plate 1o rome oth§r centrat on the same #nd plate; tm_mmt thus
comss into the reversing plate via ome complicated path through tho’
commutsiors a.nd returm-v to the end plate along another path through the
-co-ututurn. 'rhua: -_in thir oategory of cryptographe snoiphering-deciph-
ering squivalency is e¢fr'ested withour the uuher & reveraing switch

which 1® neceesary ain cryptographs of the first gategory.

- In both uhg&in of oryptographs it s wsual to.orovide
meane for angularly displacing or rotating the sommiators, the rasnon
for which wili Ye briefly ducus_ud.' If, in oryptograyphe ntiiiling
substitution commwtators of thc- type uurihc';i, a0 provision ir made
for their mmn;r displacement durimg the aourse.af a!@etpbcring a

plain-text messnge, the resuliing cipher text will Yo ‘monealpbadeiie

’
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in cheracter ;5 tnhat is, only oné sudstitution alphabet vill‘hmre bean
azed i{n the en-tin encipharceat., _I*u ;8 well-known that such mono-
alphadetic eryptograme offer littlg ?eaistance tojc-*y'ptanalyaia, apd,

in ordsr to inc- emse the cryptographie secuﬁt;; of =uch cryplograme,
factors athir toan mere change of ‘alignnent ofu the substituiion com-
mutetors from message to usa;ag'e must be incorpereted therein., Here-
sofores several iypes of eipher‘mhines hove-been fnvented in which ene
or more of ihe nhatitn’cionxc.zémmaﬁrs ars rotated step by step with
the emcipherment or decipherment of each letter, but im a regular snd/ or
neter-like manmer, ‘S;uch cipher machines pmvidu s eonsiderable increase
. is oryptograpbic seourity ( that is, resistapce to eryptanalysis) over
those cipher mashines in whieh no angular displscement of the substitu-
tion commutators takes place, but etill not safficient to insure practical
indseryptability for cryptograms produced by their use, This i» because
the latitude of variabiliiy offered by the substitution commtator als-
plocement mechanism iz limited and all forme thereof may be readily re-

g¢omstructied froe a uodel of the cipher mschine. .

- It is an ohject of thie invention to provide a mesns of

effecting t_ha anguler &isplacement or rotation of :'%he sg‘bttituuen oom-
mutators in an irregular, c;cmpletely aperiodie wmanner, thereb, gr'eatly(
inoressing thé recistance 1o cryptan&l:ais of eryptograms ancipt;nnd by

oryptographs of the type deverided.

A bugic feature cf tug invention is the provision »f mathoda

and meane for controlling the axneular displscements of the substitution
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cen‘m‘utort by aloétrical cireuits shick also pass throdgh ro ataigde’
cogmtuiors. The lqttét tian sonstiituts, in effecy, ceompatintors for
the contrel of the Mlh‘l&m co-:nta»'tari; for sake of brevity aml
slarity in ésscripiiom, emnzée parfmm‘x this fametion of com=
trelling subrtitut ion comemistors will hartlm-lttcz.' hhauma.tod simpky
sy ® contrel commutatore " ., . Seweral specific embodi.u;:tc of the ba‘iu
invention will Dde dcn'a.ri’uL - At this point Iit will msrely be mectioasd
that the Qontrol commmbetors may form an indepemdent wait physioslly
saparste from fhe substitutien commntstors But alectrically asscciated ;
with the latter ; it i possible, however, to make one and the same et
of commutaiors nfw bolh ar control occmmutstors and suBatitution com-
mtatgn, th#rg heiug provided assccisted momne decigned to keep the som—

trol functione electrically separate from she sudstitution fumetiona.

The saversl different emdodinwats of ihe inventiom and the
modes of oparation ¢f the warious forme are axplatned in this gpecifise~
tisu in detxil suffiaient for eompredemsion by ihose aiixloa in' the sri.
fhe apylanstion fe asde in connectian with tbe sceoapanying drawings,
in wm;:h 3 — ‘

Pig. 1 is s vobesmtic dlsgram of ome cimpls emdodiment im

which there iz shown.a first »-t of eomnt-gatou; for parfoming subsii-
tution fumetions and & second set of somewhat S1Tffevemtly éons%mcted,
commatetors for performing samtrol functions, together with the assoc{ated

© eireulis and somtaota for proper oparation of tha amtoirraph 4

. Pig. B {5 n schematic diagrm of » sat of ‘somaniniors:
&l20 dosigned _fof performing comrolf'runct ions "butin 41159 came itheve

tomamtacors sre simfler in senstructisn to the nhﬂtuﬁmi Sompatators 3

. N
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Plg. * is 2 sobkestic dlagram of ano‘her ewbodiment in which &’
suq'g;o set of douvle~ring commutators of novel constyuotion performs -
both funetions of substitution and qontrol ;

- Me. 4 shows a pérspective view of ene of thess doudle~riag

comutrtors

‘Pig. 8 le n aomuc diagranm cf sndther embodfment in whish »
sat of dwhle-rina sommuistors is arranged ﬂth umutu svitehing
mmhmin 30 ng to perform Both functionc of substitusion and control,

without the use of a reversing t.mtntor )

Pig. 6 in & echeuttic diagran of another ambodiment ii\ -hich'
ringle-ring commmtators are uwsed for Ahis purpose, ons comwatstor

deing & revearaing commtator ; and

Pig. 7 is & schemstic dlagram of a modification of thé form
shown i{n Fig. 6. ‘ -

4

Referring now ai)ecificnn'y ta Fig; 1, elements designated Yy
the nmmbers 1 to 4, inoclusive, are sudsfitution commutntors of the
normal type hercin'hfor'c descrived,- fn which there is a single ring of tventy=-
sfx®. comtacts am sech fase, the contacts on one fnce Yeing connected
irr;gn}.erly to the sontacts on the o*her fess. l“muuh;r 5 i also
& substitution oomtator, but 4{ffers from’ ﬂu othere in ‘that oaly

one rac- of the aomt\tor Iuars & ring of coutacte, the nﬂir mtwts

-
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being interconnected irregularly in pairs, A curiont éntaring one
contsct r,,r the eingle ring of centacis is meroly sarried alpag M in-
sulated sonductor to some other eontact, from which it merges fm
the cemmwatator. In other words the current enters the comutator

at ope gontrct and leaves it at another, on the same face of the
commutator. This is 8 dommutator of the type nfcr!ﬁ to above as a
. rewersing commutator, Canm_utcr. 6, 7 and B8 ars control commmtaters
of Which T and 8 are similer In principle ¢o substitution commta-
tors 1 to 4, except that they hawe only six 'conta.::ta !mie@' of twenty~
#ix in s ring on each fa.ct-l cmtftor 6 is a reversing sommutstor
and i linilar in prineciple to reversing commmtator 5, except that 1¢

has only six eontacts in:tud of vuaty-aix.

The m.hatitution'cmtator- are mounted upon a common shafy
20 upon which they nay lm‘!epondcntl'y sagularly displaced stepwise
1/26 of = revolution, between fixed end piate 301 and hearing plate
0, th; latt;r serving merely as a rgtahtnc plate and having no soa-
taets or conductors Within {t. 'The commiators are separzted ¥y fixed
platea 306, 308, 307, and 308 which dear rings ¢f itweuty-six oontacts
suitadly dispesed for bridging b;t'con successive sommutators, in order
t0 provide f;of eleotrical continuity from eme enmtato‘.r to ity next
sdjacent one. The ulontaeh in these upirs.tor pl;tn'arc ball-boaring
syring eontacts exeriing sufficient outvard preswure %0 insure good con-
tact. The oontrol Comstetaters are mounted upon the same common ahaft 20
upon which they m:y likewiee B¢ angularly displaced at‘pﬂ@i 1/6 of »
revelution, bhetwecn fixed end plata 204 snd wearing pll\-to‘zds, _;tho
latter serving merely ss a ntainin& plate. Fumernls 309 and 510 des

ignate separators similar {n conmtruction snd function to weparators
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366 to 308, sxcept that tuey have rinmgs of bul six gontacin. The
motien of the thres oontrol cowswtators is sater-iike, commutater §
being moved 1& of a rewlution for naéh oh:'ractox?/%'ipbujod, cCom~
axtator ¥ being moved 1/6 of & rewlution per ocmpleds rewolutiom

of commutator 3,; snd comantator 6 being noud»l/‘ nf-a revoluiion per
complete revolutiom of commatator 7. This set of three comtatgr; has
'y lconphu p-rio;ﬂ {return to an initia} pwit!m') of 216 3 that is,
after 216 oharacters Bave been enciphered or desiphered the commatetors
returs t¢ thelir i:,utza.l relative rotrtory positiens. The nesns £o?
moving these commutators will ¥e describved ypresently. The mumerals

9, 10, 11, 12, snd 13 designate magnats, :’neu ‘termet nba_ut;ue-
commgtator sslecter magnets, which when emergised, detarmins which ef
the sudstitution comemtstors 1, 2, 3, 4 and & are anéularly dieplaced,
sithér by ncting ;uroatly on the commutators or by relesasing na actust~
ing mechan{sm vh'iah act_s direotly os the cmﬁtorﬁ. Tmarsls l'llanﬂ
15 designate two of 5 tet of -t_nnty-aix i.ndicwt-;ng devioss such ax glow
;&up- or magnets for operating a primting uohinia. such i.;m.uu
devices being well knowz im the art. Rach 1;&1&'4:@; davice correspands
to a letter of the Emglish alphabet. Nuserals 18 and 19 do_ﬁnnt; wo
of & sot of twenty-six sisgle-pole, dondle-thirow asitch lavers operatsd
by the keys of a iypewriter keyboard. The keyboard is aleo provided ﬂﬂ;
. iniuru): ar 44, which controls switoh lever 17, tha Tunctions of 'h“i,
.11 be daseribed later, and it also controls switeh Jever 117 and gontast
45, which comtrol magmet 41, the latter serving to displace cmﬁm L
ons stap per deprassion of any key of the ki’y:b?ﬁ.__ Then commutater 8

™~
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makes 8 complets revolutiom, 1% closes comtaot 32 which conirels

magnat 33, the latter urvina; o displace 'Mtaicr 7 one step

per & depressions of iqi on the keydoard. . Whem commutator 7

nakez s complete ravolution {t é}.oau contact 34 which oontrole magnat .

38, the latter sexving to dimplace couﬂntnto;' & one step per tweniy-six
depressions of the keys of the key-bbard. Contacte 32 and 34 iﬁ"bycrit—‘
et »y rﬁner--an spring liw;-a. Thaon rollers non;lnll,y ride upon e ‘
peripheries of comsmtators 7 and 9, but st & c"-ruin. po.int on each commtator
fhero is A transverse slot wiin!i ‘ana‘ut the rollar to drep snfﬁclmﬂ; —
40 elose the contact concerned, Of cma;, thess three commtators

sould Be disnlaced mestanically, by means of ratehets end pawls and

direct control from the universal bar of the keyboard. ¥o the right

1n Pig. 1 is shown an end wids elewstion of Cixed snd piate 504 whieh
sdjoins control commmtntor 8. on the exit face of the csmmtator. The

whele Limes show ihe condustors lending sway from ibs six can.ta.ctp on the
right slde of the end plate 304; the dotted linem show the bondﬂt‘r—l

leading from the left side of end plate 304 inte Somemtator 8.

Having mow particular reference %o Pig. 1, with .a view
to giving & complete hécrlptie# of th.-a.ction of this form of the nmi‘-
tion, the sequence of -th which transpire during fhe enciphsraant of
the plain-text letters will ®a related in da’tail.‘ In o!;d-y o enciphe»
A messege, it i3 necewmsary first to mount  the Mtntot{iw the shaft

asdording to aé;ue prearranged ordexr, it bdeing obvious that commtaters

10
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1, & 3, and &4 mwy bc fntérohanged in position among themsslves, and
comautators 7 and 8 may be in- erchangsd) comeatators 6 and 6 must

~ resain in the positions shown, since they ars reversing commutntors

and canmot be replaced by the ;n:hur commutators or by each othe;‘.

Next it ie necessary to align the saveral commuistors, ns regards

their relative roiatory positions upon the aﬂaft, acoording te a pre-
srranged key. After sl this has been acéowplished, main power switch
“36 1s alosad, setting up a sircuit as follows : Prom destery 16 to closed
switos 36, conductol:r 51, centnct 1qver_if. closed contael 2], conductor
R5, econtact Z7 on the. f12e4 ¥nd pl;ta 304, into, throngh, amd out of

Abe sontrol somwetstor umit vis ihe route through 8, 310, ¥, 309,

s,. %09, 7, 510, & as ’mdieatca'w_oonm‘t 28, thenos mlong condustor
38 to seleotor magnet 10, condustor 43 and back 4o dattery 16. Vhen magnet
10 is momentarily ane}gild 1{ causes sudstitution commmiator 4 to be
dispinced angularly through l/ZSth of a r;wlutioi; The mashine is new —
ready far snsiphering. If.tho lettar A i3 to be émeiphared, the kdy
Gorr.enonding thereto 1s depressed. A% the begimnleg of its downmerd
travel the universal bar 44 canses contact lever LY te move sway from
oontact 21. The key bar A cruses Ccontasy 1§wr 18 to bdreak conil'.act at
48 and %o make contact at 22, sctfin; up & eire (%t an foilon t From
battery 18 along thor 23 to elgnﬁ 5antuct éz, ._ct;ntact laver 18 and .
condustor 24 to a contnet 29 in and plult'o 303, themew into subetitutien
ccamutantor 1, tbrnucﬁ the commutators and upuz‘é;torn i, 308, 2; 306, 3, 307,

4, 308 into and out of reversing commatator §, daek thrw peparators snd

11
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sommutators 308, 4, H0Y, &, 356, 2, 305, 1, out at contaot EO,‘
retura along ooaduster 25 %0 comtaot lever 1§, contast 47, themos te
indicating device 14, which in ﬁ-ua drawing correspondz to the lettar
Q, eonductor 43, and back %o bdattery 16. A% the end of ths dowmward
travel of ihe universal Bar 44, the lstter moves switeh lever 117

and closes comtsct 45, mosentarily clesing <he ofronit for emergising

magoet 31, Thie causes gontirol commgtator 8 to be angularly displaced
through 1/6 of a revolution. ¥hen Xey A is relemsed, the universal bar
44 is returned to its norsal position by & retragtils wpring and saniact
lever 17 returns o contact 21, reestablishing tbe olreuit from Wstery 16,
switch 36, levsr 17, contact 21, conductor 26 %a sontact 27 of fixed end
Piate 504. Dus %o ide angulsr displacement of conirol commutstor 8§ the
current will now traverse a new path through the eontrol .nit and besck to
some other ecntact of end plate 304 froa whernge it passes through ome of
the selector wagneta ¥ - 13, to battery 16, ocoueing one of the sudstitutios
commutiters to be dis’plu‘nd,‘ end thus previding » new substitution alphabet

for the enocipherment of the next plain-text letier,

[ The degiphering operation of Ibie mechine is the ssme as the
enn:pisrzng operation, the saciphering~decipbering relationship baing by ‘
mtui'a reaciprocanl. In vatiing the mechine for Segiphering, the same pro-
c¢edure is followed ax for esciphering ; thet is, 1hewamtntnrc are
arranged ané aligred at the Bepch aark asgcording to ‘e presrranged key
and swifich 56 is closed, wherdupost sudstitution commatator 4 is angularly
liwlfiad as hsreimbofore desorided. The key corresponding to the cipher
lez‘ﬁ; Q is depresssd, which cinu: conknos lever 19 to bresk contamd

. r
o
h

a I . 13
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/l at 47 and to make contact al 42 causing earrést to flow from dattery
16 Wrough sonductor 33, tium contart 42, centeol ls,,;nr 19 and

u sonduetor 25 e e.omae*t 3¢ on end plate 201 of the tubstitgii,an
echunt;tor wit. The currest passes into and through the iatier aleng
ont path and returns slong smother path as described Before § It emerges
&t oontact 29 on end plate 301 and flows wlong conductor za te contach
lever 18, clewed contast 48, to indicating device 15, whieh corresponds
%0 the Jetter A, The universal bar 44, sperated by the depression of the
key corresponding to the leitsr Q elos-s contsct 45 st the emd of its
dowrwerd travel and canses control eom;tntor 8 to advence. Whan "h.
ey corresponding to the letter Q 1s relsased, the universal bar 24
retarns to iis normal poclit‘ion, eansiné eon'tact lever 17 to reestablish
contact 8% 21 thersupox csneing s substitution commmtstor %o mowe forward,

a8 descrided. _ , -

In Pig. 1 the control eomtn-tors. wers provided with ring; of at
six cantset snrtno&r on each face, whersas ihe shsiitution oomemtators
ware provided with riugs of twenty-six eontict mirfaces, There is, hovnl‘r,
nc remson why the substiiution snd the contrgi commmtators shenld not be
1dentiesl in this regurd, thus providing fer iia;r lntemhn.ns:u.biuig and

grestly increasing ibe keying possidilities of the erypiogrerh.

In Pig. 2 is shown nos t-e homologous elements of
Fig. 1 may be modified to scecmplish tiis effect. -Bnd yiade 304 and the

. commatators 6, 7, 8 now bear rings of twentyesix cmtt ingtead of
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riﬁge of only. six contaote. OContact m' rmaain« ' smghs capmt fox
‘the entrance of the durreut into the, centrel cmtnort leaving
ta_‘bnty-ffi_vo contacts on and plate 304 for ihe mrnm of the mx’t
trom the’coatz_-él emu;cator-. ’ﬁme;‘ tvmty-:fin contacte sre m
Jotmed 1m five sets of five comtacte .Q..n' %o the five condustors

37, 38, 39, 40 and 41. Cider grminct in respest %o the mbdn
ard ‘iésntities of eoutacta constituting sach of the five grcmpo u.y ‘

B preferable, or thies may Ve mb.}cet to urimion. acourcinc io & key.

The arraszgement slhown in PFig. ! provides » uqﬁtm of
kaying impulres whickh' wul pot ’ugin ta rtput wtil control emnm
6 hax made & conplete rmlnts.ou, or aftsy al X2 x 26 = 1? 576

. dmonlm of the woiversal bm-, ' earramondmg to the omiphetmt

‘ of axactly 17,576 letters of pzfnin«-tuh Doe ta the irregular msuner
in which thc intemi connections of the control commmistors are -adc:,_
the snban,tuuoa comensators will be eaused in roiata %,nra"agn m

anglas, % th“ when the mazé eysle of the anbox commmia tay wnid

- is m ‘he nWt 't m mbttitntiou emtators rill Aiffer from
i%e 1aitial aligaeent. Awd conpaquence of this new sngmu of the
substitution M&tﬂ' the period of the mnee of ulection of -
sedbatitution alphahts vm % greater than »1?.&75 by soms Mtiyii
of that masber, umuu;m tht wiring of the three mtrol commatators
snd the n&nnar- in _whieh ’ﬂn sontacts of -end phtt 304 are cometed %o
tbt selector magnets. This Mstitmicm perloé is t!uzsfon ame of tre-

mondovs length,
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A third forw of the invention is schematically depictsd im
Pigure 3. From s crypiographic stendpoint ibe essential differsace
¥etwoen ithis form and sha first described form liew in the utilisation
of & singls gsommutator unit, which serves both an o substitution ccamatator
unit and =¢ a conircl commatntor nnﬁ, the two fusctions taing perforwmed
¥y independert, concentirie rings of emtt.éﬁ horne on the same ecommuitwsbors.
in Pig. 4 there iz shown Ja. side view of one such cammatator. In thin
ri'gu'_e there i® on each face of the comnutator an outer ring of twenmty- :
six midietar;t contasis, of whlcﬁ,- for ¥he eake of clarity, only six
indicated by numeral 48 are shown, nid & ;:onc_:entrio immer ring also of
twesnty~-six squidistiant qontm:tsl of which only six iadicated By nuseral
49 are shown. The contrets 48 of ithe outer ring on one face are irucnlarg
conueétad‘b: iilmls;tcé condnctors B0 to the contzota 148 of the outer ring
on the other face. Similarly the contacks 49 of the inner rix;g on one face
are irreguiarly connected by insalated conductors 150 %o the contacts 143
of the imner ring om the other faoce of the comsmtator, The two rings
ars iherefore entirely isdependent of esck othsr, though ﬁy are both
earried on the seme commutator., Comemintors of thir type will hereinsafter

¥ termed double-ring csmmutators.

Refarevee iz now mmde t6 Tig. 3 {a whieh this embodiment of -
the invention Is ales whows meraly in sehemeiis form. The nwserals
101, 102, 103, 104 and 1085 designate dowbleering comwutaters mtwnted

om & comsen shaft 20, ssparsted by. separators 305, 306, $07, and 208,
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the separators so that positive elsotrical ::;:atact my be made between
ad Joining comumutators and separators and deSween eommutator 101 and

end plate 301, ~ side elavation of end plate 301 is depicted at the
left in Pigure 3, showing the connections beitween the contacts thereom -
and the selector magneta 9, 10, 11, 12, and 12, Ths dotted lina through
the commutators 101 to 165 indigates the path of the ocurrent through
she inner rings of contacis while the oontisuous line marks the path

throush i:he ocuter ring of comntrots,

The sequencs of events during the encipherment of a letier
is as fellowe 2 When main switch 36 ie closed, st the commencement of
eperation, s circuit is sst up a» foliov- : Irom battery 16 through
closed main switoh 36, eondwotor 51, centaot lever 1?,' closed contact
21, eonductor 2§, Inner-ring contact 127 of end plate 3'01. into commmatrtors
101 to 108 and out of them along broken-lins path to anoths? inuer-ring
contact 128 of end plate 301, thenoe aiong sondugter 28, through selector
- magnet 10, along eomductor 43, back to battery 18. When selecler magnet
10 1» méntaruy energised it causes commutstor 104v to be angularly
displaced 1/26 of -~ revolution, tims setting ‘p s path through the commute~
tors for enciphering the first letter, say letter A. “hen key 4 is depres-
s8d, universal bar 44 is caused to meve downward, moving contaet lever 17
away from ;sonmt 21 and allowing mrenf; to pass from dattery 16 sloug
eonductor 2%, through ¢losad comtact 22, comtact lever 18, conductor 24,
‘onter-ring contact 29 of end plate 301, inte the commutators through which
it follows the contimuous line and returns via ounter-ring contact 30 of end
plate 301, conductor 2£, contact lever 19, closed amta“et 47 to indirating
device 14, condustor 43 and dack to battery 16. After the letter Q gorres-

ponding to indicating device 14,' ha® haen meordoci, key A is released and
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-~

breeks contact at 22, at the esme tine allowing usivereal bar 44 to
rotura t0 1ts normsal poaitm; ¥hen mlnrux'h: 4A returns to iVve
norsal position contact !l is clowed reestadlishing a eircuit threugh the
faner-ring contacts of the cmt'atan. But comxutator 104 neving Bpen
displaced on aatirdly maw path through the comsutators iz naw ave iilm

for eweipbering e letder 4, if 1% {a again {o be wmaiphersd.

The deeipherment of ide letter G %akes place in aa smal-
ogous mnner, The mschins having desn reset to the key, ihe cluhﬁ of
-in pritoh 56 as before causes & eurrent to flow through one of the
%rfmpr-ring contacts to salestor magnet 10, moving commutstor 108 one
’;tq'p forward. Depreeesion of key ¢ estsblishes & eircunit az follows :
baltery 16, closed switch 3;, conduetor 23, closed contact 42, coniact
isver 19, conductor 28, outer-ring eonta& 30, thenre along the con-
tinvems line 1:;to, through and back through the commmisters, swergrsg at
outer-ring oontsct 29, conductor 24, comtact lever 18, cloeed sontact
46, indicating device 19, eox;ﬂspondm te the letter A, "@Emwtor 43,
Bagk to battery 16. ¥hem key § ip releared, universa) bar 44 returne te
its normal poaition and again 8 circuit is estsdlished througch the inner-
ring eontacte of the mﬁtuu.ﬂ- 3ot since commutztor 108 has been displased,
2 new prth is now available for deciphering the letster Q@ 1if the § key is ag‘a,ln
depreaseed. |

3 ; o The period of the sequence of alphadat melection produced by this
arrangement 1s variable and will depemd wpon four warisble fastors, mamely

i {1] the wiring of the immer ringe of comtacts of the double-rirg commutators; ,

17




REF ID:A38751

(2) the horizontal permutstion of these commmtators on the shaft ;
(3) the alignment of the commutators and (4) the manmer in which the
inner ring of contacts on end plate 301 are eonnected to the selector

magnets. ' ' T .

In Pig., B the invention as reéards double-ring commutators
to perform aubstitution and<control funct ions ié embodied in & erypto-
graph of the first category as briefly described in genersl terms in ths
first part of this specificdtion. It will bde recalled that in eryptographs
of this category, there are two end platoa of identical construction and a
reversing ewitch which, when’ set in tha enciphering position, commeots tho
switches of the key-board to the contaets of one of the end plates, say"
the right-end plate, and the indicating devices sre connected to the contaets
of the other end plate, say the left-end plate ; while when set in the de-
eiphering position, the reversing switch reverses the order of connections
between tha switches of the keyboard, contacts of the end plates, and ‘the
indicating devices, so that the keyboard switches are now connected to the
left~end plate spd the 1nhicating devices are~connecta¢ to the right end

4

plate.

Accordingly in Fig., 5 there is shown a keybosrd 52, &
bank of indicating devices 53, a left end plate 301, a right end plate 302,
and & reversing switch 54, together with other parts homologous to those shown
in the préceding figures. Only certain of the keys of the keyboard and
certain of the 1nd§cating devices of the bank of indicating devices are
_ shown in eircuit relationship, it being understood that the remeining keys

and indicating devices are connected in homologous menner.
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Assuning that ide oryptograph is te h op-'ratel for ensiphering,
the Mtch 64 1w nt to thrtng position, which arranges for esrau.u
eentinult) along tho sontisuous lines 58 to £8. Ths wain nﬂeh 3% i’!

now closed snd & cirouit is establiched as follows 3 Battery 15, sioat
wuoh 56, comduntor R3, uimal bar switch lever 17 cloved cntu\ 21,
condnetor 26, ianer-ring contsct 127 of‘ right end pliate aoz, th!b@
he sommutator wnit, to Imr-rin‘ ocontact 128 of hﬁ ent Piate ﬂl.
sonductor I, selectior magnet 10, conductor 43 bask to Ddattery lé. OQ-
matator 104' iz angulerly dieplsced one astep. Xey A iz now depressed.
¥he sirouil through the imr—riw of contasts of tha éommutistors {3 now
Sroken, as universal war 44 Breaks the eontaot at 21. At the sans Vims &
sireuit 1s estad¥lished ihrough She ocuter-ring of-mtwh of the com~-
sutetors as follows ¢ Dattery 16, closed eriteh 36, candwptor 23, eonteet
lever 18 operated Wy key A, elosed oomtacs 22, conductor 24, through
the reversing switeoh B4 along oonductoi 88, conductoxr 224, outer~-ring
sontact B9 of right end plate m, in%c and throvgh commmtators 105, 104, 103,
102, 101, vis their outerering contacts, an outexi;r:g sontact 229 of left
4ad plate 301, condustor 245 io the rewersing switch 54 through the latter
along eond'nc_tor 58, thence along conéductor w', fndicating devitce 14., cor-
:c-ggnding to tue letter §, conductor 43 to htury 164 !';xan koﬁ- 4 1s
_ released, universal dar 44 returne to 1te mormel position, reestadlishing
comtact at 21. Again a current nul‘tl-!mwh“ the inmer ring contacts of
the commutatorn, entering at eéntﬁ_ot 29 But now smerging at some 'uontact
sther than 128 on ieft end plate 301, sin« Muta: 104 bas deen dis-
placed. A selactor nugnat fe 0nu-gim and a new )uth !s st wp tor ths

pessage of the mexi anciphering current u’ A in sgein deproesed.
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_ Is order to effeel decipherment, t‘hq\ yeversing s;ritch 54 wuart
e sat for the dopiﬁhnm fundtion. This causes the paths through 'm
reversing’ n;titch 54 to follow aleng the dotted lines Instead of aleng the
comtinuous lines. The operation immedistely subsequsnt to eloeing maim
switeh 28 iv no" axacily the same =8 before, when the encipherment bf letter
‘A was devoribved. This te Pecause the -cimiﬁ t0. the uloci_ar magnets are
ssmoisted with the imner~ring gontan't- of the n-nta.tora,_aul.ihv-'c sol-
taeds are not cdmnected to any of he sontasts ia the revarsing vitoh St
In the firet auiphcring operation, ihe lettar A was anciphered ty Q.
The decipherment of Q will mow e tonom ntpruung the Q ny esusn
uiversal ar 44 to dresk the clmit at 21, ae Nfoﬂ, bat m sudstitut ton
oireuit is now partly different fyom wiat it was when key A was Sepressed ia
encipherment. The ciremit is mow as follows s htte‘ry 16, clo‘lﬂ switch 36,
copduotor 23, contact lever 19, slosed contact 42, conductor 25, throngh
reversing switch 54 alomg dotVed pity 257, oondwsior Z4S, auia ring contact
29 of left end plats 301, through the euter-ring somtncts of the mtatort‘
t0 an ocuter ring contsct 29 of right ené rla.tla !62,‘ aonduetot e, tm
revarsing awitch 84 aleng dotted path 235,  conduciowr 226 indleating device

A, oondustor 43, %0 battery 16. Thus Q in ‘ciphar yiclds A 1w plain hw

A £1fth embodiment of Ane invention utilises ungh-’-giu commatators
t0 serve Both as sudstitution commutators and conircl commmtators dy means of
o gang switch of tvent;r-si:“con'tncts inserted in the elrcuits w the
commutators. Pigure 6 akows a sobesstic disgrem of this foﬁn_ of the fnvem-

fiﬂn.
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Having npow particular referense o Figurs 6, with the excepiion .
of the gong swiich and relsgs whioh will e dl!eri.‘bsd presently, the
elements shown therejn are similar in conatruction and functiom to the
oorresmuniing eleusits shown in- she preoeding figrres. Oang S'I'i‘ll:h 88
1s uevely & dovide for bresking one couplete met of twenty-six contssis
simaltssacusly ant at the saxe time makiﬁg snother rat-of two-m':-six
eoaknsin srmtmeox;alx. It is opernted Wy me't 83 and ‘waoeute‘d
yelays. 7he ssdicm of this formn of the invention iz as follows : £%
the beginning of operation, ewitch 36 i» elosed, retting uy eirownitey
through relays 115 asd 1n, ar follows s Ddadtery 16, conductors 27,
111, switch lever 17, €lcesd contaot 72, condustor 112, relaye 113 aad
134, condwotor 124, tc- battery 16, Relayw 113 and 114 are enargised,
esueing armnatures 80 snd 108 to est<biieh cant-zp't a% 81 and 109, res-
pactively. By meanm of a mechsnical locking arrwgemx.:t, onee armaturs
" 80 bee Weem attracted By relay 113 the contact sstablinbed at 8 1s looked

usti]l released by m wtion‘ of relay 68 ; similarly when armsture 108 of
relay 114 has been -locked into contact position at 109, it stuys locked
until relay 110 ie emargized. copsequmﬁ:. alibough conleet 72 wast

B closad En order o estblied comtect st 81 snd 109, after the latter
‘contects bave boen setsblished they vill reasin 50 even if contast Y2 is
- brokeén vy depressing whiversal har 44. “hea kuy & fe dopream- unlvorsal
bar 44 causes contact lever 17 to meke conhe%_yitiz cuntaet‘ n., utﬁn}
up the fellowing elrguit; frow nouree of pow.r 16 through conducters 29,
111 and ocomtact lewer 17, $o closed mjutan'{_: 21 turough coudaotor 78 rnd

locked lever 80 of relay 113 to contact 81, ibense through conductor 82

2
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throvgk gang-witok magnet 83 snd sondustere 116, 186 back to source of
power 1& 'hea. M—nﬂch )lsg;mt 83 ix ensrgized, t!.“t\u; o8 i
In‘ﬂracten. csuing gang-owitch 85 tv disengoge & lower sat of weaty~-six -
eontacte and to sngage su wpner set of twént::-ux sontacty, Switoh,
levers A8, 183, 288, .'560;, 488 end E2S -‘ are five of ihe set of ‘esaty~six
 meitet levers vomtrolled by goig-switeh 85; emmtscis 90, 190, 290, 390,
!;90 and 590 are z’in- of the sod ﬁf Aweniy-six lower contacty coatvrollsd
by the switch 1evers of ihe &8ag ul‘bnh' -86, ;sentwta 21, 1%, 291, s"n. ;
491 and 591 are five of the m of wenty-six upper contacts semirolled
by the switch levers of the gn.ng ultg!; 85. ?iaftgriﬁg to contsote 81 and
191, which Bave besn clesed by energising gang-switadb magnet §% &4 noted
above, thers iz oet wp & circuit ae 2ilows : from sourcs of pwo:- 16
through cuamér 2% 3o closed contaat 46, | the uf A B0 beimg |
Qeyressed |} thromd contact lever 18 amd -O’mior il? 1o sloped comtzct
91, ﬁmwgt contagt levar 88, and ciu_uﬁ-:aier 76 to s contect B9 on .and
plate 501, Sowmatators aud separstors 1, 306, 2, 506, 3, 507, 4, 308, aad
G. . Commmtutor 5-1is u revers ng comt;ato:‘, and { erefore, the zurrm
goes dack ih'rwsl': the commutators sal ewparetors 5, %08, 4, 307, ‘s, 306, .
2, 308, 1, and returns %0 end plate 302, emexging st oomiaet %0 om and
Plate 301; thante alowg somtucter 84 mad eontact lever 188 %o clesed
somtast 181, through somtuotor ais;_ sontaot lever 19, olosed gontact 42
aleng econductor 121, &o indicating device 14, thence along ocgnduator 45

to relay magnet 88 aMd ack aleng condwoter 77 %o battery 3S.

Then indiosiing dovioe 14 is energized, 2 typs mx il cagsed

%y means not rhown 10 print ke letter G, ‘whieh is the oipher equivalent
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of the plain—te;:t let-t'er L-. When relay magnet 68 is energised, .‘
ex;ntaot lever 80 disengages eontact 81 and engages contact 100,
.,iiingrsiling switch control mignet 83, and allowing gang switch

85 to divengsge the upper set of twenty-six contacts, smong which are
contacts 91 and 19), and engs;go the lower set of twenty-six contacts, -
among which are 90 and 196. This sets up & eircuit as .follows
battery 16, eonductors 23 and 11}, wunjiversal-bar contact lever 17,
-4losed contact 21, conductor 79, contact lever 80, contact 100,
conductor 122, selector magnet 13, conductor 106, closed comtact

190, contact lever 188, condustor 84, contaet 30 on énd plate 301,

to, through and Back througd cemmutitors 1 to &, contact 29, condustor 76,
contact lever 86, closed contast 90, conduetor 107, eontact lever 108,
closed comtact 109, relay magnet 110, eoudnqtor- 123 and 124, dback te

Jbattery 16,

' When--salector magnet 13 is energised, commmtater 1 is -
angularly di{lﬁia‘ced through 1/26th of a revelution, and a new set of
circuits is forwed in the commutetor unit, Relay megnet 110 having been
energized, eoni:sct lever 108 is caused to disengage comtast 109, Thie
‘breaks the ¢irouit threugh the selector magnets and prevents energising
seleotor magnet 135 s sc;énd time, Fo further action of any pa'rt can
take place until the two relays 113 and 114 are agxin setunted. Yhis
Rappens when key A is relle‘&;ed, which ea'tabiia_h_u a circuit as follows :
battery 16‘, conductors 23 and 111, contact lever '17,, e;losed contact 7%, '
conduoter 112, magnets 113 and 114, back to battery 16, .As explained

adbove, srmatures €0 and 108 are locked in’ comtadtviaking positiems
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at 8) and 109 umtil anoiber kpy of the Xeybesrd in deprensed, causing
the devioe to cpurats In i same wamwr us hureiabefors descritved.

3 sixih savodiment of tniw {nwent.on ia shown in Pig. 7, Im
this form 2 L.« invention use is made of u.in;gh ring sommtators which
sorve deth as mubatitution w.;xtnhn aud control oomsniutors in oop~

m»eotion with a gag wwitch of 26 eontacte opernted by a umiverssl Wan.

Having now partioular veference %o Fir. ?,I 4bhe ilemectx showa
thersin are similar in om\gtmtion and fwmotion to Yhm correspondiag
elenents shown im the preceding figurw. In this enhoﬁimn:l of the ine
veation, gang switoh 86 la wo ounstiructed that when any key is Jdepressed,
and aniversanl dur 44 Ia Mtua.;ted. awits? l.c'mrs 88, 188, 278, utg,., dis-~
engege contacts 30, 190, 290, etc., resmectively, w.d engnge contasts
1, 191, 291, eto. erij?l’. The operntion 'of this form of ths
-Snunthn is aw I2)lowe ¢ Them a mewrage is %o be snoiphered, commui:ters
1, 2, %, 4, and B ore ali ned to a prearranped kuy sand switch 36 is
Glosed, setting up a elreuit &8 followe : DBattery 16 through switch 35,
sonduotor 107, contact 98, contsct Iever 88, Gostuctor 84 to comtsct 29
of end plats 301, through aomamiators 1, 2, 3, aud 4 to cosmtator & which
directs the currert buck thrudglh commwistors 4,3, "2, and 1 to contact
20n of end plate 801, Mwh condustor 204 to coslast lever ée'a, contact
290, coaductor 106 %o wontrol magnet 13 aud themse desk $o datter; 15.
¥hea somtrol magmet 13 iz euergised, ocamntstor 1.-10 roteted through 1/e6th
of a rewlution; -' setting up & n.w set of elrcuits throug_?a the aipaer
~ wheels, The device {2 mow read) for envipuering thu. fizet lettor-of tue
w « If this latter 1s %as letfer A, he k"y .gornlpalding- to-1% ."
gi"mncd, and the contast levere of énu-nlhh &5 ate cmeed -to din-
angnge 4be lomer set of tweuty-eix ocontacts sad auguge the upper set
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of twenty-six vontacts setiing up & circuitd a8 rou'a-." 1 From datiery
|15 threven condmoter 28 o sontact - 46, coptact Lwver 1B, contacd 91,
mtu‘i lever ﬁ, conduntor ‘84 ta contsoct 29, thro'mh ad return through
oo-gutatu}a 1 to B o gontaet 30, con;dwtw 184, cdanttact lever 188,
sontact 191, condustor 93 10 contzat lever 19, ocontact 42, mm

121 4o mdicating device 14 which correspomds to the letter Q, condmoter
43, wwitch 36 to batiery 16. fter the htltar Q4 ie noved, key A is re--
leased, nuwin:g' the sontact levers of grag swited 85 ‘to &izeangnge the
_upper set of .m;nty-:ix contsota and engage the lower set of tuntmu
eeptaots, A% the instant when contact: levers 88 and 188 both m
emtacts 50 and 190 ro‘spoetivoly,'-a eircull is set up as follows :
Bettery 18 through switch S§, condustor IC;?. eontagh 90, mmtuwr
88, condmotor 84 to cantact 23 of end plate 301, ihroueh commatabews

‘1, 2, 5 snA 4 %0 comwwtator § which directs the Gwrrent back throwgh
commuotators &, 3, 2 and 1 %o ebgtmt 30 of oﬂﬂ:h 301, through copductor
| 184 to vamtact lsver 188, comtdbt 190, conducder I86 %o control magnet

3 and themce baok to battery 16. ¥hen contrel sagmet 13 is again ener-
gised, cammutator 1 is agaim rotaded through x/uthor a revolution and
agail 2 new zet of circujts 1y ut mp in the emnor manits. The devics
is now ready for mm'ﬂnc the sesond letter of 4he sesNsge.

 In the foregoing dmriptﬂm we hnve n!ﬁ;‘lam the cxphnat.ion
to oazey of :ndividmfm or siagle displaMt Qf the substitntiom
ssmmatators. There u. Ml-eur. ne reason. "y thu semmetators may ngt
o displaced in groups of 1, 2, S ...., according to the speeific eircuit
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arrangemsnts and displacenent mechanimg astadlished for the purpose.

%o cxplg.in how this can be accoupln;had, we will refor agaim first te

Fig., 2 and then to Fig. 1. In the diseussiom concerning Fig. 2 we hawve
said 1 "Thees twenty-five contacts are then joined in five sete of five
corntacts each, to the five conduotors 37, 38, 79, 40, and 41 " . In Pig. 1
theese sonductors 37, 38, 39, 40 and 41 lead to the respective magnets 9,
10, 11, 12 and 13. DPut nmr- supposs that the arrangement of contacts on
end plate 304 and the conductors leading frem this plate to these magnets
is such $hat, instead of a groupwise combinetion of the contacts connected
to a single conductor, a current emexging from one specifis contact controls
the operation of two magnats, 9 and 10 t&r example; that emerging from
another specific conﬁct sontrols the operation of thres magnets, 10, 12
and 13, for exsmple, and 20 on. Thus it will be readily apparent that
with tyonty-tin gontacts it is poasible to p?o'rzdn for group or permutative
displacemenis of the cammutators 1, 2, 3, 4, and 5. In fact, with five
commtstors there are thirty-one permutative displscements possidle ; since
in Pig. 2 there are iwanty-five contacts on plate 304, arrmngements may bde
made 0 that 2% of the 71 dlsplacements aan he represented. But if it wers
desired to have a1l thirty-one permutative displacemends awailable, it
would merdly be necessary to have the commuirtors 6, ¥, and 8 and their
associated end plates 303 and 504 comprise sets of thirty<two contacts
instead of only six, as is shown in Pig. 1, or twenty-six, as is shown in
Meg. 2. -

Instead of a sysiem of permutative displacements by singls steps

one could arrange for indiwidualised displacements of 1, 2, 3, 4, er &
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steps at & time ; and, iw of a system of mingle-step, fnds -idualised
angular displacement of the sommuiators, it is possible to arrange for
plural-step, permutative, angular displacemenis of the ccmmutstors. The

flexibility of the system in this regard is thus quite apparant. ’ N
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