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A. Descript ion of System.

This cryptogreph consists of the following principal parts:

l. A keyboard.

2, A bank of 26 small lamps, 4-volt,
3. A rotatable cipher wheel.

4, A key-tape transmitter,

5. Certain associated solenoids and relays, and a small electric motor,
The general nature of these parts and their functions will be described briefly.

1. The Keyboards

The keyboa.rd, shown at 1 in Fig. 1, is provided with the standard arrangement

of keys., Zach of the latter operates an electrica} contact, as shown schematically

; for the "Q" and "U" keys. Keyboards of thig type are well-known in the art. It is
not provided with any printing mechanism in the r.nodel under consideration,

" 2. The Light Bank:

This cc;nnsists simply.”of & bank of 26,3A:volt lamps, two gf which are shown at
10 in Tig. 1. The other 24 are wired in hbmologous manner to that shown for these
two, one terminel being connected to a.comon conductor, 9, the other, to individual
tinding po;ts on & plate 4§, to be described below.

3. The Cipher Vheel:

The cipher wheel is shown at 2 in Pig. 1. This wheel consists of 52 brush~type
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contacts arranged in two rings or sets of 26 each. One set is placed on the obverse

face, 3, of the wheel 2, the contacts peing arranged equidistant from one another in

a circle arouni the circumference of the face. The other set is similerly placéa on

the reverse face, 8§, 6f the vheel, The contacts on the obverse face are connected

to those on'thg reverse face by mezns of flexible conductors which pass through the

interior of the wheel, &s shéwn schematically in Fig., 1. The cipher wheel is fixéd

upon the shaft 7 which is driven by a motor operated coiled spring.e. The contacts

of the obverse face, 5:i=::§:r wheel press agéinst ball-bearing type contacts arranged

on the fixed plgte 4; the contacts of the reverse fece, 5, of the cipher wheel press

against ball-bearing type contacts arranged on the fixed plate 6., The plates 4 and

6 each contain 26 contacts arranged in a circlg. The cipher wheel rotates between these
» fixed plates 4 and 6 so that each contact on the two fuaces of the cipher wheel presents

itself in turn to each contzct on plate 4 and plate 6, respectively, as the cipher

wheel rotates. The contacts of platé 6 are respectively cénnected by conductors to

the contacts of the keyboard 1; the contzcts of plate 4 are respectively connected by

conductors to 26 lamps only two of which are shown at 10. As showd in Fig. 1, when

the key "Q" is depressed, assuming the cipiicr wheel to.be in the position indicated in
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the figure, a circuit is established as follows:
'f}om positive poie of battery 1l through conductor 12, closed contact at the

"Q" key, conducto¥ 13, contact 14 on fixed plate 6, contact 15 on cipher wheel 2,
consuctor 16, contact 17 of cipher wheel 2, contuct 18 of plate 4, conductor 19,
through lamo 20, conductor 21 éo negative of battery il.. Lemp 20 has a translucent
glass window before it, on which a letter is painted, say the letter "W", Hence,
- depression of the key"Q" on the keyboard gives the cipher resultant "i", under the
conditions specified,

Suppoée that thé key "W of the keyboard is depressed, instead of " ™. By following
the path set up, it will be seen thet the ™3™ lamp will be lighted. Thus, reciprocity
is established.between the keys on the keybozrd and the lamps so that if, for example,
Q= W, in enciphering, V= Q in deciphering. The same reciprocal relationship can be
established throughout the alphabet by congecting the flexible conductors ig the interior
of the cipher wheel in.an appropriate manner %o paired contacts on the obverse end
‘reverse faces of the cipher wheel.

If the cipher wheel were stationary, the relationship between the key depressed and
the lamp illuminatgd would be fixed for each wiring of the interior of the ciﬁher wheeli
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But the cipher wheel is rotutable und hence this relutiunship can be made varisble.
The menner ol its variation and its control will now be presented.-
The rim or tire of the cipher'pheel is provided with 130 pins arranged in 5 sets
. fnsft'\;ﬂ\s
or rings of 26 each. Thesc.pins can be elevated into operativehpr left remaining in
inoperative positions in groups of fives transversely to the tire, in accordance with

the pernutations of the 5-unit or Dandot code., To explain what is meant we may say that

according to the Bandot code, the vermutation of elements for the letter £, for example,

o : 12345
15 .
are represented thus: 4 - - - . For our purposes we will let the“f’ sign indicate

thet & pin is to be elevated into.its opergtije.position; the - sign, that it is to be
left in its inoperative position. In Fig. 2 therg is shown a side elevation of a
section af the tire of the cipher wheel, with the pins now being des;ribed. The pins.
indicuted by dotted lines in the figure represent pins which have ﬁeeh left depressed
in their inoperztive positions; the pins indicated by whole lines represent pins which
hive been elevated into their operative positions. The ﬁermutations represented in the
figure correspond to ;he Bandot signals for the letters 'Y, Z and.A. Tﬁe.order of the
letters in the figﬁre_i§, of-course; only illusfrative, since all the'pins cag be

arransed in operative or inoperative positions to correspond with any sequence of

~
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signals of the Baﬁdot code. This seqﬁence mey be varied at will,

The function of the pins on the tire is to control the set of 5 contact-levers
shown et 22 in Fig. 1. These contect-levers operaﬁe the contacts associated with them
in suc@ £ way then when a bin is.in its operative position and can therefore present—it-
self to the contact-lever, it presses againsf the latter and czuses it to make contect
at the right, Hormally these contect-levers are held against the left contact, by the
action of individual retractiléé springs. Pins in their inoperative positio;’do not,

of course, act upon these contact-levers., The function of the latter will be explained

presently.

On the rim of the cipher wheel, and near the edge of the reverse face, 5, EXx

there is a toothed ring, or ratchet wheel, shown in Fig. 3. This ratchet wheel contains
26 teeth, labeled 23. Associated with the ratchet wheel is the pawl shown at 24, Fig.J3.
The ratchet wheel and pawl, together with solenoid 25 snd its armature 41, Figs. 1 and 5,

control the movement of the cipher wheel in its rotation. The movement of the cipher

wheel is step-by-step, at intervals which will be explained subsequently in discussing

the way in which the whole system functions.
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4. The Key-Tape Trapsmitter.
The key-tape transmitter, 26, F;g. 1, is'a stanéard tgpe transmitter such as
is employed with érinting telegraph equipment of the Vestern Electric or iiorkrum
type. It need not be gxplained, being well~known in the art, sufficient to say
hgre that & key-tape-bearing‘characters in the Baudot Code is passed'through this -
tfansmitte:, setting up contacts inside it in accordance ﬁith the ﬁaudot Code. Thg
transmitter is, of course, also provided wifh e fape-s#epping'pagnet, 27, the function

of which is to move the tape forward at proper intervals.

5. Oper.ation of .System:

The key-tape transmitter, 26, functions jointly with the set of contacts and’
contact-levers at 22, in the follﬁwing manners:

Note re;ay 28, which is.energized by current from battery.29, through & path which
includes all the-cbntacts.and contact—ievers_of 22 and 26. Note élso thg illustrative
set-up of contacts and contact-levers at ?2.and 26 in Fig. 1,.in which a specific case
is prgsented. It is'assﬁmed-tﬁere tﬁat the arrengement of operative pins on the cipher

wheel which are at that,mbment presenting themselves to the contact-levers of 22

_correspbnds to the Bandot permutation for lettef "Z"®, At the same moment the permutation
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set-up within the.kgy-tape transmitter, 26,also 6orresponds to the letter "Z". Note
that in view of thé manner in which the.contacts and contact-levers of 22 aﬁd 26 are
interconnected, the circuit from battery 29 through relay 26 ig completed only when the
whole set of electrical connections established at 26 coinc;des with the whole set of
connecticns established a# 2. Hence, if "Z" is set up in key-tape transmitter, 26,
relay 28 will operate only when "Z2"™ is set up at éz. Similarly if_ any other letter, say
X", is set up at 26 reley 28 will operate only when '"X" is set up at 22, The gémplete
.path of the current when such coincidence of connections at 22 and 26 is estab;ﬁshed is

as follows:

7
r4

f}om gositiwe~ of battery 29 along conductor 30, through all contact-levers and
approﬁpiate contacts of 26 and 22, conductor 31 to back cbntact 32, of armature 33,
_windipg of relay 28, conductor 34, to negativg of battery 29.. It is oﬁvious that since
the armature 33 and back contact 32 of relay 28 formf pgrt of thé circuit for energizing
relay 28, as soon as thé relay has received an'impulse and armature 33 is attracted the
| circuit for energizing rel;.:ty 28 i; broken at contuct 32. If not érevented from falling

back into its normel position under the tension of its retractile spring, armature 33,

on release of relsy 28 would reestablish contact at 33 and would set up a chattering.
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But the mechanical arrangementg are such that when armature 33 is first drawn gp to relay
28 it passes by and is immédiately engaged by lever 35 and hela €rom.returning to its
_retrhcted position where it can reéstablish'contact at 32, unﬁil lever 35 is displaced
by mechanical action Yo ﬁe described.iatéf._.Armature 33 of relay 28 élso controls the
solenoid @5, already referred to, which in @ufh controls the rotation of the cipher
wheel, 2, in the fo;lowing manner:

The motor-operated coiled .sp.ring, 13, tends to rotate the ciﬁe_r wheel in the
direction indicated by the arrow, Qay to the r;ght. This rotation is step-~by-step,
controlled by ﬁhéiratchet.and pawl.referréd to gbove, ih this mannér:

Assume 22 and 26 set up to.different permutations so that relay 28 is not energized '
.and hence con&act 36 is closed. A current Qtart; from pogitive of battery 37 through
" conductor 38, closed conﬁact 36, conductor 39, back contéct 40, armature 41, cpnductor.
42, winding of solenoid, 25, conductor 43, to negative of battery 37. A momentar& %:ﬁ;;;:

passes through 25 and causes armature 41 to be attracted, breaking the circuit at back

cdntact 40, whereupon armafure 41, under action of its spring, returns and again closes
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- the circuit at 40. However, the mechanical arrangement is such that the momentary
attraction of armature 41 ¥9leases-the pawl,ﬂég, associated with the ratchet on the
cipher wheel and thus allows the éipher wheel, driven by coiled spring ;%, tq advance
one step, Thus, the cipher wheel continues to move, one step at ; time, as long as
contact 36 of relay 28 remains closed{ When, however, contact 36 is opened, under
the action of relay 28, and is held open by lever 35 as described above, solenoid 25
cannot operate to withdrawﬁ'armaxure 41, and hence the pawl 24 cannot be releaséd, ;
whereupon the cipher wheel cannot advance any further, As stated before, the first

- impulse through reiay 28 causes armature 33 to be attracted, to pass by lever 35, wh;ch
t'hen engeges the armature. Thus _contact.56 rémains open as long as lever 35 engages
and holds it. .It is only within this period, when the cipher wheel is stationary,
that the keyboa?d,.L, can be manipulated; the mechanical arrangement being such that
the keys of the keyboard are locked except whén the cipher wheellis gtationary.

Suppose now a key is depressed. The cipﬁer resultant will be determined by the
ﬁosition of the cipher wheel at this time, because the ciréuit established through

the cipher vheel depends upon the exact relutive position of this wheel with respect

to plates 4 and 6.




. REF . ID:ASZZQQ@

;! .
[ 3N [

T~

When a key is .depressed, t-he cipher z.'eég..lta.nt is shown by the illuminated lamp;
the lattgr continues to be il]-.umin_ated' 80 long as the key is held down.

We return now to relay 28 and its other armsture 45.' The latter controls the
operation of the tape-stenping magnet 27 of the key-tape transmitter 26, in the following

The tepe-stepping magne; 26 is astuated by battery 44, but the c'ir.cuit is normally.
open at contact 45. When relay 28 is energized, however, contact 45 is momentarily

closed, allowing tape-stepping msgnet 27 to function. This causes the key tape to step

forward to the next position. It will remain in that position until the next time relsy

28 is energized.

The?e now remains to be described only how 1eve;‘- 35 is controlled.

The keyboard .is pr9vided with & universsl bar, operable i)y every key. Vhen e key
is depressed aﬁg then released, the universal bar, near the close of its upward swing on
return to normal position, actuates the lever 35, and causes it 4o be withdrawn from
its engagement with armature 36. This immediately returns to its normal, retracted
position, allowing contacts to be reestablished at 32 and 36. In.the meentime the tape-

stepping magnet having been actuated as described above, one of two things can happen
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as regards the set up of connectiqns in key-tape transmitter 26: either & new set
of connections has been established, or, by chence , the sume set as before hss been
established. These two cases are described in turn:

(1) If & new set has been established, say a set corresponding to the Baudot
signal for "X", the connectioas no longer match those set up at 22, which, as we have
seen, correspond to the letter "Z"., Conseduently, immediately upon closing of contact
- 56, solenoid 25 begins to function, allowing the cipher wheel to step forward. It
will continue to do so until that set up of pins on the tire cdrresponding to letter
"X" presenis itself to the contact~levers of 22, whereupon_ relay 28 is energized and

the cycle has been completed.

(?) If, by chance, the next character on the key tape is the same as before (™2™
-again), relay 28 is immediately energized. Solenoid 25 does not get a chance to
function and the cipher wheel is held in place. Two letters are therefore enciphered
at the same position of the cipher wheel. Of course, if the key tape consists of ‘a

series of "Zs"™ the cipher wheel will remain in position during the encipherment of a

corresponding number of letters.

-1l -
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B. Mechanical Details.

The following represénf tén@atife ideas regarding the p@?sipal qonstruction of
the cryptograph.

The entire mechanism cén probably be mountgd.ﬁpon & wooden base not mbrg than
12 inches long by 12 inches wide. All pearts Should be rugged in construction, suitable
for withstanding more or less rdughz usage in.oﬁeratioﬁ ana transpdrtétion in the
field.

The.keybqard need be no ¥arger thap that of a porta£1e typewriter of any standar§
make, The 26 contacts can_be méunted vertically at'the rear of the keyboar@ and
set in a horizontal line.

The light bank can be mogntéd abpve and to the rear of the keyboard, and made to
slépe backwurd about 30° from the perpendicular., . The 1ight:bank-need be no larger
than 9 iqches long by 4 inches wi@e. The lamps an@ the yindéws in the front panel of
the 1ight bank shquld'be arrgnged to correspond with the standard keybo;rd. The lgmps
should be of the standard 3.5-volt type.

© In back of the keyﬁgafd and.under the light bank, firmiy_mountgd upon the base

board are the key-tape transmitter, the cipher wheel, the motor, and associated

mechanismg, - L - 12 -
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said .
Nothing more need be/about the - key-tape transmitter. A standard Vestern Electric

or :lorkrum-Kleinschmidt transmitter will. serve the purposes admirably,

The cipher wheel s-hould be made of durable matlerial but should weigh as little
es pos'sible' so0 as not to require a grea_.t deal of power to ro.tate it. In dimensions
it s.hou.lld be not more than 6 inches in diameter e&nd 2 inches in th.ickness. It should
be mounted upon the shaft in either a horizontal or vertical position, whichever.
seems most practicable. The motor which operates the coiled syring that drives the

cipher wheel should be of the smallest capacity consistent with its load, and should be

‘of the 110-volt, 60 cycle type. I\‘O*ﬂi"u-\«. P& %MM
'GQ.CUVMLS' O"W%A'OFMMM

g S't:al ndard rela;s and solenoids’ may be employed to perform the functions indicated

in the preceding section.

Moo Wasd _
MBW“?" uﬁfﬁ; W;%Mﬁw%w

o)
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(DRAFT)
A. Descriiat ion of System.

This eryptograph consists of the following principal parte:

1. A keyboard.

2, A bank of 26 small lamps, 4-volt.
3, A rotatable eipher wheel.

4, A key~tape transmitter,

5. Certain associated solenoids and relays, and & small electric motor.
The gemféi nature of these parts and their functions will be described bdriefly.

l. The Kel‘noardr

The keyboard, shown at 1 in Fig. 1, is provided with the standard arrangement

of keys. Each of the latter operates an electrical contact, as shown schemetically

for the Q" and "¥" i:eya. Keyboards .of thia type are well-known in the art. It is
not provided with any printing mechanism in the model under consideration,

2, The Light Bank:

This consists simply of a bank of 26,3Lvolt lamps, two of which are shown at

10 in Fig, 1. The other 2¢ gre wired in homologous manner to thet shown for these
two, one terminal being connected to a common conductor, 9, the other, to individual

binding posts on a plate 4, to be described below.

3. The Cigher ¥heeal:

The cipher wheel is shown at 2 in Fig. 1. This wheel consists of 52 brush~type

N
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contacte arranged in two rings or sets of 26 each., One set ie placed on the obvérse
face, 3, of the wheel 2, the contacts being arranged equidistant from one ano.ther in
a circle around the circumfer_e_nce of the face, The other set ia similarly placed on

the reverse face, §, of the wheel., The contacts on the obverse face are connected

waulpiey,

to those on the reverse face by means of fleziblwondmtors which pass through the

interior of the wheel, as shown schematically in Pigh 1. The cipher whesl is fixed
‘\RA WJ\-W wﬁ' Qﬁ;mw;l"}w Lg
uvpon the shaft 7 which is driven by a motor-operated coiled spring JB, The contacts

o§ the
of the obverse face, 5, cipher wheel press againat ‘ban-baaring type contacts arranged

oy

sgainst ball-bearing type contacts arranged on the fixed plate 6. The plates 4 amd

| s
on the fixed plate 4- the contacts of the reverse faca, 5, of the cipher wheel preaa §
I\ 3

6 each contain 26 contacts arranged in a circle, The cipher wheel rotates betwee;_'._ri‘l.these '
‘ Yo obverea. ; = v
| fixed plates 4 and 6 g0 thut each contect on of the cipher wheel presanta
Wy MKWMRMMW% "‘KHM, u.'.-&uuraml Pu.uu;t’i)
itself :ln tnrn to each ¢ontzct on plate Sw as the cipher:

.\.
i \_

wheel rotates. The contacts of plate & are respectively connected by conductors ta

the contacts of the keyboard 1; the contacts of plate 4 are resnectivaly connacted ,Q{Q»L
) o Sonk

‘ m&wfﬁm‘ Nﬁm& G The poder _ R

conductors to 26 :I.aapa only two of which are shown &t 10.,\ As showd in Pigy/ 1, when ,-"

S

the key "q* ig depressed assuming the cipher wheel to be in the position innﬁ:a.tbd in /

- -

W‘d ‘Q,r).m Andad ¢

i




——

— REF ID:A522226
- ={‘
- i

the figure, a circuit 1s estsblished as follo\uj}

- qrom positive pole of battery 11 through conductor 12, closed contact at the

St

Q" fey, conductor 13, contact 14 on fixed plate 6, contact 15 on cipher wheel 2,

conductor 16, contuact 17 of oipher wheel 2, contact 18 of plate 4, conductor 19,

i

throﬁéh lamp 20_. oondmtor-:?l to negative of battery 1}. Lemp 20 has a translucent
glass%-‘-*::inﬁow before 1it, on which a letter is painted, say the letter ™W"., Hence,
depre;eion of the key"Q" on the keyboard gives the cipher resultant "™W", under the
conditions specified,

Suppose that the key "%" of the keyboard is depressed, ihstead of ¢". By followiné
the path set up, it will be seen that the " lamp will be lighied. Thus, reciprocity .
is established betwesn the keys on the keybourd and the lamps so t!.mt' 1f,. for examp.le.,
Q= ¥, in enciphering, W= q in deciphering. The same reciprocal relat;onship can be
established throughout th;a alphabet by cqnnacting the fleiible conductore in the interior
of the cipher wheel in an appropriste manner to paired c_-.ontaz;.ts on the obverse and
réver.se feces of the cipher wheel.

If the cipher wheel were st.'.ationa.ry, the relationship between the key depressed and

the lamp illuminated would be fixed for each wiring of the interior of the cipher wheel.
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But the cipher wheol is rotatable cnd hence this relstiunship can be made varisble,

The manner of its variation and its control will now be presented.
S 2 |
- 'Phe rim or tire of tho cipher wheé-lkis provided with 130 pins arranged in 5 sets
. : . 'PDSltg{-.s .
or rings of 26 each. These pins cen be elevated into operative, or left remaining in

inoverative positions in groups of fives transversely to the tire, in accordesnce with

. Bavdol . :
the permutations of the S5-unit or Balldot code. ' To explaln what 1s mosnt ;we moy sey that

according to the Balldot code, the permutation of elecments for the letter A, for example,

123465
n:-?o represented thus: +t+ « » = 4 For our purposes we will let the -+ sign indicate

thet a pin is to be elevated into its operative position; the ~ sign, thet It 1s %o be

left In its inoperative position. In Fig& 2 tha_are ie shown & side elsvation of a

A

‘section of the tire of the cipher wheel, with the pins now being descridbed. The pins

inéicatad by dotted lines in the figure reprecsent pine which have been lef't depressed

in their inoperctive positions; the pins indicated by whole lines represent pins which

heve been elevated into their cperative positions. The permutatione represented in the

figure correspond to the Balddot signals for the letters ¥, Z and A, The order of the
+ .

letters in ¥Be Figure }\is, of course, only illustrative, since all the pins can be

arranged in operative or inoperstive positions to correspond with any sequence of
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signalg of the Baidot cpde, h?hs sequence may de varied at will,
The function vf the pins on the tire is to control the set of 5 contact-levers
shown &t 22 in F 1. These contact-levers operste the contacts associated with them

in such s waw then vgh"en a pin ia in its operative position and can therefore present it

A
i

self to the éqgt-aci_;ylever, it presses :gainst the latter and causes it to meke contact

at the right, Hormally these contact-levers ave held against the left contact, by the

Cox a
sct don of i;idi_v_idua;l_ﬁpﬁ:acﬂ'ibﬂ springs., Pins in their lnoperative position do nos,

. “z'-'

~

of co@éé,;';'aq’ﬁ_upon'ﬁhq_se- contact-levers. The function of the latter will be expiaizieo.

-th.ere isa .taqthed ring, or’ ratohct wheel » Shoun in Fig¢' 5. This ratchet vheel contains
! * i 8 Wi ’4,,

’es o6 E’h}absled 23. Aesociated with the ratohet wheel is the pawl shown at 24 ngﬂp. iy
Ths ratcne'l: wheal and: puwi together with solenoid 25 cnd its armature 41, Figav’ 1 and 3)

control the movement or the cipher wheel in 1ts rotation, The movemnﬁ of the :&\J

wheel is atép-’oy-step, at intervals which will be cxplained subsequently in Mscusg'i:;é,_

the way in which the;whqlé'-byﬁ‘s\e_m functions.

' .
- T e e T S e— o g T T T T e e —— —""_——_"-.-':.'::z.'-r-mJ-q—-:
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The key-tape tranemitter, 26, Pigll, is a standard tspe transmitter such as
iz employed with printing telegraph equipment of ‘the Western Electric or Morkrum
type. It need not dbe expia.’med, being well=known in the art, Sufﬂcien-t to sey
. : :
here that a key~-taps bearing characters in the Baundot Code 1s.paas§d through this
ﬁransmitier. getting up contacts inside it 4n acuoi'danea with the_Baudot Code. The
transmitter is, of course, also provided. with a tape-stepping megnet, 27, the function
of which 1s to move the tape forward a$ proper intervals.
0 .
g : n casoenahed sk

The key-tape transmitter, as,l\runctiona Jointly with the set of contacts and

contect-levers at 22, in the following mermer:

Note relay 28, which is energised by cutrent from battery 29, through a path which
S oV Condudty S0 ol Gas A NIG2A 094}\‘-5\ tondustod D,
ncludes all the contacts and contact-levers of 22 and 2_6;,\ Note also the illustrative
set-up of contacts and contact-levers &%t 22 and 26 in F 1, in which & specific case

is presented, It i assumed there ithat the arrangement of operative pins on the cipher

wheel which are at that moment presenting themselves to the contactelevers of 22

correaponds to the Baudot permutation for letter "Z". At the same moment the permntatioxg

-5 -
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set-up within the key-tape trahsmittar, 26,als0 corresponds to the letter "%". HNote
that in view of the manner {n which the contacts and .contact-levers of 22 end 26 are
interconnected, the oircuit from battery 59 through relay 28 1s completed only when the
whole set of electrical comnectlons estedblished at 26 coincides with the whole set of
connections established at 22, Hence, if "2" is set up in key-tapt.a transmitter, 26,
relay 28 will operate 'only when "Z'f is set up at 22, Similerly if any other I;tter, say
X", 19 set up-at 26 rélay 28 w.ill operate only when "X" is set up at 22, The complete
path of the current when such csincldence of connections st 22 and 26 .is establighed ios
as follows:

.From positi¥es of battery 29 along conductor 30, through all éont&ct-levera and,
agprepmata c-ontaets of 26 and 22, conductor 31 to back 'colntact 32, of armature-:ss,

winding of relay 28, condaotor 34, to negative of battery 29. It is obvious that since

the armature 33.and back contact 32 of relay 28 formf port. of the circuit for energising

relay 28, as soon as the relay has received an impulse and armature 33 1s attracted,the
Nin, Orsaaduag DY v mceday h—M #EO- M‘é&f{,@g 0
circuit for energizing .ﬁelay 28 is broken at contuct 52.'\14? not prevented from €mihing %

Y

) back into ita normal position uRCI-bhdedmiisdon-ef-tis
N

on relense of relay Zs)gould reestablish contact at 3% and would set up & chattering.

—_— -— = Y R
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But the mechanical arrangemnﬁa are Such that whén armature 53 is firet drawn up ® relay -
28 1% passes by and 1s imediatei.y engaged by lever 35 end held t;'om returning to 1te .
retractad. poaitlén where it cen reestablish contact at 32, untll lever 85 is diapl;(';,'e;f:
by mechanical aotion to bé described later. Armntur; 33 of relay 28 ;lso~controls the
solenoid 25, already referrad to, which in turn controls tﬁe rotation of the cipher
wheel, 2, in the following mannerz.
| ] .

The motor—operated coiled spring, ¥5, tends to rotate the ciper wheel in the
direction indicated by the arfow, saf to the right. %his rotation is.atep-by-stap,
controlled by the ratchet and pawl refsrred to above, in this manner:

o soitaawee oX

Assume[\ez and 26 eet up to different permntationa so that relay 28 is not energized
and hence contact 36 is closeds A current sturss from positive of dattery 37 through
conductor 38, closed contact Sé., conductor 39, back contact. 40, armature 41, conductor

. . m L T B
42, winding of solenoid, 25, condunctor 43, %o negative of battery 37. A momentary lﬂﬁﬁgéa

passes through 25 and ceuses srmature 41 to be attracted, breaking the cirouit at back

contact 40, whereupon armature 41, under action of its spring, returns and agadp:tloses

e TR T T T AT i T R e SEF T+ L = te T T T AR TR T TETRS ST oo e o Y s
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the circuit at 40, However, the mechanical arrangement is such tmthe momentary
attrezction of a;matgte' é;.relaasea the pawl, 3.-2-._ agsociated with the ratchet on the
. _ S

cipher wheel and thus allows the dipher whael, driven by coiled apring,1§-, to advance
one step, Fi-‘jhus, the cipher wheel continues to move, one step at a time, as long as
cohtact 36 o_gf': relay 28 remains closeds When, however, contuct 56 is opened, ander,
the sction of relay 26, and is held open by lever 35 as described above, solencid 25
cannot opgrate %o w;tﬁdraﬂﬁ'armatur; 41, and hence the pawl 24 cannot Ve releaaeq,:u
whereupon the cipher wheel cannot advance any further, Ae stated before, the f.i.rst
impulge through relsy 28 causes armnture 33 to De attracted, to pacs by lever 35, wh-i_c%;, -
then engsges the armature. Thus contact 36 remains open as 1o:ng #s lever 35 engase'a"-.....'

and ‘holds it. It 1e only within this period, when the oipher wheel is stationary,

AN
that the keyboard, 1, can be manipulated, the meghBhical arrangement being such that

the keys of the keyboard are locked except when the cipher wheel is stationary.
Suppose now & key 1s depressed, The cipher resultant will ve determined by the

position of the cipher wheel at this time, because the cirouit established through

the cipher wheel depends upon the exmct relative position of this wheel with respect

’ N

40 platss 4 end 6,
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When a key is depressed, t.!.xé"'-cipher resultant is shown by the illumineted iamp;
the latter comtinues to I;e illuminated ao. long as the key is held down,

We ret,urn now to relay 28 and its other armsture 45, The latter controls the
operation of the tape-stepping mag.ne; 21 of .tha key-tape 't_ransmitte'r 26, in the following
mmﬁer: |

The tepe-~stepping magnet 26 ‘:ls .sﬁtnated by ba.ttery'M,. ‘but the circuit is nc_armall.};_
open &t contact 45, When relay 28 1a energized, however, contact 45 is m.omer.ztarily
closed, allowing tape-stepping megnet 27 tp function. This causes the key tape to step
forward to the nex{ position. It will rt.amain in that position until the next time relay
" 28 ip energised,

There now remaine to be described only how lever 35 is controlled.

The keyboard is provided wifh 8 unijera;xl bar, opersble by every key. When a key
is depressed and then released, the universal bar, near the close 'of its upward swing on
return to normal poaitiog, actua.téa the lever 35, and ceuses it to be.withdravm from
its engagement with armat_ure 36. This immediately returns t6 its normal, retracted
position, allowing contacts to be reestablished at 32 and 36._. In the meantime the tape-

stepping magnet having been actuated as described above, one of two things can heppen

- 10 -
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as regards the set up of connections in kay~tape transmitter 26: eitheé & new sat

of connections has been established, or, by chance , the same sot as before has been

cstablished. These two caseés are described in turn:

{1) 1If & new set hes been esiablished, 'sw a set corresponding to the Baudot$
signal for "X", the connsctions no longer match those set up at 22, which, as we hrve
geen, correepond to the levter ™24, Gonsequently, irmnedLatel;,r upon closing of contact oj‘

i Baura %\{’-u; enaad 2@ Qmiu w%vww b6 Qonend S b Linod ol

38 A solemoid 25 begins to function, allowing the cipher wheel to step form.rd. It
will continue to do so until that set up of pins on the tire corresponding tc letter :

¢ bowtode X 30 -Q!Wﬂ, pilewed VE ddooan A
X" presents itself to the contact~levers of 22, whercupon relaj 2B 1is eﬂergizedﬁgnd
the cycle hus been completed.

. {2} 1f, by chance, the next character on the koy tepe ia the spme as before { 72"

egain), relay 28 is immediately energizeds GSolencid 25 does not get a chance to

function and the cipher wieel is held in pluce, Two letters are therefors enpiphered

at the same position of the cipher wheel., ©Of course, if the key tape é.uné;;?'sts of a

seriss of "Zs" the ciéher wheel will reomain in position during the encipherment of a

corresponding number §f letters. ) :

r faRpTmerITree—to—— =




— - REF ID:A522226 - . —oo oo

—~~

=

B, Ke.ohanical Details,

The following represent tentative idea; regarding the physical comstruction of
the oryptograph.-

The entire mechanism can probably he. mowii;ea upon & wooden base not more than
| 12 inches long by 12 inches wide. All parts should de rugged in construoction, suitable
for withstanding more or less roughi usage in ope_ration and tra.nsportatio-n in the
fie}d.

.The Eeyboard need be no larger than that of a portah"la' typewriter of any standard
make., .The 26 contacts can be mounted vertically at the rear of the keyboard and
gset i:ix e horizontal line. s

'_Tna 1ight bank cen be mounted above and to the rear of the keyboard, and made %o
slope backward shout 30° from-th_e perpendicular. The light bank need be no larger
than 9 inches {on"g by 4 inches wide, The lamps and the windows in the front panel of
the light bank should be arranged to correspond with the standard keyboard. The lasps
ghould be of the standard 3.5-volt type.

In back of the keyboard and under the light bank, firmly mounted upon the base

board are the key-tape transmitier, the cipher wheel, the motor, and assoclated

mechanismg, _ - 12 -
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. said
Nothing mwore need be/about the key-tope transnitter. A standard Western Electric

'orl Morkrum-Eleinschmidt transmittsr wil) serve the purposes admirably.
The cipher wneel. should be made of darable material but should weigh as little
as poesible 20 as not to,raqﬁire 1 great. deal of power to rotate it. In ﬁi-mensi.ons
- 1t should be not more than 6 inchee in Aiameter and 2 inches ixl.x thicknes;. I.t shaula
be mounted upon the shaft in wither i horisontal or vertical position, whichever

seems most practicadble., The motor which operates the coiled spring that drives the

ocipher wheel should be of the smallest papacity consistent with its load, and should be

of the 110-volt, 60 cycle type.}&n ﬁ /\M Je u(o&w Waal) AlondA_
(2 aﬁ’éﬁ&/’" >5 fawsRuthow, : fLu-o /Pwvm upmiA_
sténddra relays and solenoids may be employed to perform the functions indicated

in the preceding section. .
U at, r2d DL foasdly B fomew W6 wpBas Wil
P, l&m)..r\ \ o NDa v 12 \/25@4_\? Wffw{ 0\-'\—4: 3 > S VOURTS Y

_ﬁ /92-0 Vr.
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