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"5 hitherto cm*zstructed portable devices of a-

~ similar kind, is characterized by snnphmty_j__%, Ll
“hand to obtain prime number intervals and =~ -

such intervals, the prime factors of which -
s

o 40

ARVID GER‘I&RD DAMM

OF HUDDINGE SWEDEN

APP&RATUS FOR PBODUCEITG %ERIE‘S OF SIGNS

.&pphcatmn ﬁled Sep ._cmbel ..:.5 19”4 Se“lal No ’?39 8..;'0 and in: Sweden September 28 1923

The p1 esen’r mven’flon 1"elates to a mpher
- ~which on account of its con--
tumt]{m 18 espec]ally suitable for use as a

11’1{1* appal atus,

(}f meclmmc‘ﬂ detaﬂ

tht,,_lmable by similar devices,
The extension as_ far as-

tions during the ciphering = process,

“utmost importance for the security of the e

uplh,,r said qecul’ﬁty as 1s well- Ll’mwm de- a

- pending partly upon the ]’)rol‘)ortmn between :z{’the ‘IDTJElI"lth from above:, pqrﬂv In section.

~the- ]enﬂ“th of period of the mutation series

Here 1}1(1 in ‘the. f’)HGWlIlU‘.

cl&m:' text and c1pher

- Apart from said proportmn the ""E&CUI"I(}T_;-"_j_
of the cipher also depends-upon ‘the regu--
lm 1tV of the mutatmn series.. which mnmnon
“is more or less conspicuous dependmﬂ upon .

the characteristics of the cipher.”
Becquse only n di:

peated a certain number of times in a se-
Ties having for instance a. length of pellod*
- of . n te]:‘mc;q;:h evident 1"57 may occnr and,

mdeed must oceur sooner or later within a

canhmued ciphering pr OCBS‘% that repetitions
“of sign combinations in- the text coincide
with ]"F‘]’)Et]t‘IOI}% of combmqtzom of terms m_;-’-f-ﬁs the number of bars 5 of the “cﬂmd('r
" Such' repetitions can,
~according to known, CI‘thOlO“lC:{ll laws, g1ve it
',:qmd wheel 11 is secured a pin-wheel 12, kept

an nomt*r on hT ‘1 mlﬂed mlt 13 and a 1001{1'.[10‘?--_:-;:'5_ _ “
e

thp mutation series.

mdlm’non for conclusions of probqb“-hty as
- to the mathematical constructlon of the

(}f the mpher

‘and therefrom small-

ne”s of mmeﬂ%mns Whlch simultaneously fa-
G"} litate its 111&1111)11131;]011 and the productmn;_':j;
“of ciphers of a more. complicated nature and -movement of the mechanical members of the

With a-Jonger mutation period tlnn 111thert0_

pl*actleallv pos—'-_;-‘
able of the length of the series of dlfferent:,_.
“ positions of the ciphering: members in rela-
tmﬂ to one. another ‘which series detel11111'1@3.-1'-“3 quick and - easy
the successive: pOSSlbﬂltleS of sign subqtltu-,.j.
. and_f;
which series ‘must become pellodm‘ﬂ. as - .
20 every mechanical ol phermo* device, is of the =

mutatlon se-
1"16%” 1116*1115 ‘the: nnmber ceries WhOSB terms
- successively mdlcate the distances in a cer-
:___':m tain standard series alphabet between signs
succecaswelv correspondmﬂ‘ to efu.ch othe?' 1n-?-"j_-1d]V connected to each other by means . of =
: " jods4. On the circumferences of said disks
3 axially extending rectangular bars 5 are =
dehclmblv mountﬂd each bar cqrrymcr q 90
~normal series of signs, an alphabet, on its -
The (311’)1’191"111(}‘ member or drum -
' const] ituted by said disks 8 and bars 5 is he""e- S
'_bpl OW . referred to.as the “cvlmder :
T‘m*thver on the shaft 2 is fixed a l'atchetl_; -

card series of 7. signs 1S uqed a greater or__{,:wheel 6. in Whmh engages a pqwl 8, actuated .

“amaller number of these terms *nust bﬂ Te-

'-ontm de

erent terms can be (3011-;_'_;_
Mmed in the mutq’rmn series, when 2 stand-

mu- 3
tation series, which conclusions.in their turn j
can facilitate. an unau‘rhomzed declpherlno*_j_

R Cign qhown in the drawing.

Ame? from the e:xtenson Of the ]ellﬁ‘ﬂ’l ij_" _;::;radla,l lmles arranﬂ'ed_ at equal dlsta,nces fromfff:f-j -

";"’uﬁ 14
whzcb mav be cempoged Gf two disks as SR
is formed with -~ -

portable machine and, 1n compmson Wlth;_}j_'the formation of identical intervals of repe- .

- tition and a uniform distribution of tha same - .
within the mutation perlod. and on the other =

ave 'not the same as those of ‘the periods. of

Fro. 8 shows a cross- section on the Tine 3—3

‘cross-section a shaft 2 is rotatably mounted, T
on which are fixed two circular disks 3, rw-.'_ el

arm. of the lever 9 is actuated by 2 spring 10
fixed to the casing and tending to Iz:ee:) the
lever 9 in the position shown in Fieg. 3. |
“ratchet wheel 6 has the same number of tee’rh SR
“Fnrther. a ratchet. wheel 11 is- rotatablv“_,_-‘1-05;---:7:

1 @44 239.

- apparatus or those dehmng the arranwement_ AT
*of the key members. - e
Tt is the object of the: present 1nvent10n to |
-_rmh?P these intentions as far as possible. -~ 70
“Further it has for its object to facﬂltate,} S
exchange of the members .. =

“ch‘tm.. a member representmw an ’trbltrary;,{g
'r;?‘?el‘ms of ﬁf}‘nreq - P i e .-

Tn a casing of qnbstfmtmllv Sqnare c:haned-j’ssf_f. |

g ]’Lﬁ |

nrnalled on the shaft 2. To the hub ofﬁ._f_..'.

e .

".'-:._l":gfi’el'lf)d l‘t is Gonsequently demrable on the one -
“hand to construct every mechanical cipher-

ing device o as to prevent as far as p0551ble L
60

--_;mﬁnencmn the whole procedure of cipher-
ing and an easy m:,dh1.71szi:mem: of sald members '
relatively to e:ach other R R
‘The accompanying drawmcr 1llus’r1:' 1t<3=3 one
~embodiment of my mventmn ‘Fig: 1 shows .
TJongitudinal section and Fig. 9 a view of

o .zn_ and. me, length of the cmher' respectwely:”_;_of Fig. 2and I Tig. 4 the armnwement of the

: E £ the text to be enclphered

05 :.:: 8

by a spring 7. Said T')‘IWI 8 is journalled. on o
“the one arm. of a- -donble- armed lever 9. piv-

otally journalled’ nn. the shaft 2. Th@ nther 100



SR 40

The -

. ome a,nother in Whlch holes pms 15 can be':
 placed. The pin-wheel 12 is provided with
a cylmdrwal flangs

responding to each pin- ‘hole of the pin-wheel
12, the chance position of ‘which can, by
means of said signs, be read off through a
~ small aperture 17 (1“‘10' 1) 1n the casing 1.
ratchet wheel 11, which is actuated by

- the ]nwl 8, actuating 3150 the ratchet wheel
- 10

16 carrying signs, COr-

6 has the same munber of teeth as the num-
ber of pin-holes of the pin-wheel 12, said

~ number being smaller than: the nwumber of

_' teeth of ratchet wheel 6. Said two nu mbers

15

30,

~sponding to one footh 01’:1v
~ movement of the lever 9 is umv’*ed bv the
_pawl 8 stoppmo* against a.
position of said pawl shown by dotted lines

of tec,th are

ratchet wheel 11 through an angle corre-

pin 18 (see-the

in Fig. 3).. The two ratchet wheels 6 and

The ms 15 of the pln wheel 12 fwtuate

‘2 drwmp wheel 20 rotatably ]0111‘111*@& on -
a pin 22 secured to a bearing 21.

- To the

" hub of said driving wheel is fixed an octago-
. nal prism 23 whlch serves -to- tmnsnnt the

~moves round an a(:l]usmble guide-roller 25.
Every time a pin 15 actuues the driving
= wheel 20, this is turned.one eighth of a revo.
- lution, whereby the chain is moved for ward -
a dlstance correspondm
‘one chain link.
posite the ,
which' is. journalled on a pivot at the end
fixed on- the one end of a
 rocking shaft 28, which is journalled in a
o -':pm]ectlon of the bearing 21. At the other
50 end of said rocking Sh‘LJ} 28 and, at 90°
- angle to the arm 27 an arm 29 is fixed.
~which by means of a lmk 80 is connected to
- a U—s]mped membex

shaft 20 A spring 39 actlmteg said mem-

~of an arm 27,

55

'_shown by full
, fTorced to occupy

60

65

movement of the driving wheel 20 to a chain,
composed of links 24* and 24P

height and arranged according to an arbi- s

trarily chosen series of ﬁcrures This chain

prism. 93 a roller 26 is pressing

ber 81 in such manner thdt the roller_?(ﬁ 15
kept pressed against the chain 240, 24>, -

When the- roller 96 enoqoes 2, IOW _.LJ«.,.'

24>, the member 31 oceuples the mosition

bars 5 of the cylmder” ~The member u]. 1s

: (See g, 9)

- t11 :lt

: th‘ clear Le‘{t

The downward
ot

Pe
18 1
11 are kept in their positions by a spring der
19 bemno' aﬂamst them -as 1s fshowzl m ¢
- Fl._q:. 3. . T
| :‘flj‘]lel

of dlﬂ'eren*f alphab ets during decuphelmo' will succes-

sively occupy the same relative 13051t10ns as

“to.the length of
Aﬂ'fLme said chain and op-

- journalled -on the
where I
“member 31
phabets, Lhe S19T subsflh‘*tlons can be effect-
ed 1n guite the same WaV n deﬂlpherlng as 1n
enge! T‘J’} ering.
Iines 1 Hag. 3. Whﬂe 1t 18
‘the position indicated by
" dash and dot lines in Fig. 3, Whm the roll-
er 26 engages a high 11111{ |
~per-side of the casing 1 a 1*'ect ngular aper-
-~ ture 34 1s provided, the dimensions of which

correspond to the surface of two adj acent make the corresponding substitution from

the Gylmdel ftlphabets to the alphabet of

In the up--

1,644,239

SO .;arranﬂ'ed relatwely to sald dpertur‘e 34
as to cover alternately the one or the other
of the two bars below the apeltm‘e 34, de-
pending upon its chance pos_ltmn

“The mem-

ber 31 carries an alphabet on its outer 51de
When the ftpparatus descrlbed above 1S t_o

bL, used: for enciphering, the “cylinder”

559

5 1s turned into an initial position prexflously
goreed 1*1301’1 by means of a disk 33
‘the shaft 2 cutside the casing 1.

Acmrdmr to agreement between the cor-

_ L(pronﬁemg the operator before or after de-
g0 chosen in relation to each

~other and to the movements of the lever 9,
that said lever, when its. upper. arm is 3
pressed down fully from the position shown
“in Fig. 8, turns the ratchet-wheel 6 through

- an mgle corlespondmo to two teeth, but the.j'a,ﬂ,.ounn tne apurwle 34 opposite said letter

on ahe ;ne*i nber 31, is then noted as the first
S10

preseion of ever 9 'one or more times, locates
. letter in the alphabet on the member
31, which cor rﬂsponds to the first letter of
The letter on the cylinder

alnhabet, which is s*multaneously visible

of

n lie ciph er - Thereafter the lever 9
15 again |
the

pressed down fully and- that letter
phmmt of the member 81 which cor-
D onds to the second letter of the clear text
cated, wher eupon ‘the letter of the cylin-
11}11313—*(:BL then visible through the aper-
e 34 below or above the said Tett ter on the

‘member-31 is noted as the second. sign of the
Jdentical mampulatmns are then

repeatéd for ea ach foﬂowmg 51g11 of the clea1
o - .
text,

That. a 16(311311&1110 0]’: the mpher thus ob-
H“ﬂcd can be effected by the same .apparatus
is obvious from the fact that the different

during the enuphermo‘ process. -
- Whether the signs of the alp habet oi the

| ieﬂlbd 31 and of “the cylmder alphabets are

rranged in reversed order or are arbitrarily

.leermocal two.. and - two a,ccordmcr to any
_.01 ’Lhe types: |

N abc&efﬂhnklnmopqrstuvwxyz
' FV‘{Wvu‘it‘ﬁ*qponmlK}lhnfedeba

Ii e d cbazyxwvutsrq ponmlkjihgt -
~ Jihgtedcb azyxwvutsrqponmlk

d S0 forth

or:

R abcdeffﬂn]I{Imnopqrstuvwxyz |
IL. ] mkxy eciplacibvzhswqutnrdeo
PS] W1h11tecmgkm1atqum dnzy
‘and go forth
indicates the ‘11 habet of the
and - IT the ¢ylinder  al-

ixed on _

70
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100

105
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120

Tf. however, the alphabet of the member- |

31 and the cylinder alphabets are irregular
rﬂ‘ﬁtweﬂf to one another, 1t 1s necessary, if

;'_sw-;a substitutions in the enciphering proc-

s have heen made from the alj Shabet of

-_*hﬁ meémber 31 to the cylinder a,lphq_betf; to

130
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the membper 31 when- declphermg, and vice
Versa.

In order to explain the function of the
apparatus, as regards the mutation -series
on which the en<31pher ing 1s founded, and
to simplify the des cmptwn it is in the fol-
lowing supposed that all. cylmder alphabets

have iheu S1gNS arranged in Inverse order
to that of the qlphabet of the member 81 and

are displaced in relation to-oneanother cor-
respondingly to their order around the cyl-

inder in opposite direction to the direction

of movement of the cyhnder.

In the apparatus described above, the

_drum of course may be provided with any
desired number of alphabet bars.
-of said bars may be dispensed with at arbi-
trary places or they may have no alphabet.
In such case, it. will in certain positions of
the drum happen that apart from the alpha-
bet of the member 31 no alphabet will ap-
‘pear in the aperture of the casing, in which

cace the lever 9 must be pr essed down two

or more subsequent times, befom any sign
~substitution can ‘be made.

It may for instance be supposed that the

e 'cylmder carries 29 bars and that the alph

~ 'bets number 7 and 12 are.dispensed with. <o
" .that at stillstand of the member 31 and a
10 stepwise drivihg of the cylinder t
‘at ‘a time, the cylinder alphabets counting

two Step‘e

- from 1 will appear successively in the aper-

3D

tuire u1 11‘1 the .following sequence:

11,18, 15, 17, 19, 21, 23, 27, 29. 2
46810141618202224262813.

5. 9.

0

315

6{)

G

and nnder ald suppemtmm result in a mu-
tation series identical to said series of num-
bers.

If however, the member 1 which 1s sup-
pO%d at the beginning of the operation to
have occupied the posmon shown by full
lines in Fig. 2, changes its position for in-
stance at the first
cylinder alphabet number 4 will appear in
the aperture 81 and not the alphabet num-
ber 3. If the member 31 is not moved at
the next manipulation, the alphabet number
6 will appear, while, 1f the member had
changed its pomtlon alphabet number 5
would instead have appeared. Thus the
movement of the member 81 normally serves
to produce quite the same effect regarding
the relative displacements between the al-
phabet of the member 31 and the cylinder

-alphabets as if the cylinder were turned al-

ternately 2, 3, or 1 steps. Butl since empty
spaces on the circumference of the cylinder
an necessitate one or several extra manipu-

Jations and the effect of such spaces will be

dependent upon the chance position of the

member 31, 1. e. of the composition and
chﬂnce posﬂtmn of the chain 24" 24° which

~ position 1 1ts turn dependq 11pon the ar-
rangement and chance position of the pin-

Certain

t 5,1

ylmder movement, the

wheel 12, it is consequently clear that, by
utilizing s‘ud conditions, an enormously com-

phcated series of qlphaoet changes can be

attained, the character of which cannot be
ew:preaqed by any generally applicable and

analytically usetul Torm ula, becauee one and

the same effect can ha ve--seveml clifferent
cavses.

Thus for instance a sub"-ecmeﬂt reading
off -on alphabets numbers 1 and 5 can de-
pend upon any one of below explained sup-
})OSIthI‘JS

(a) Rotation ot ¢ the cylinder from 1 to 3,
0111ptv ﬂTaLe on 3. and rotation of the cﬂm-
der to 5, the chain being unmoved or hav-
e two 1de11‘t1ca1 links S‘]LLG&SIVEIY In Op-

erating position.

() Rotation of the cylmdel. from 1 to 8.

‘a high link of the chain being moved mto

operation position, which results in reading-
off position 4, empty space 4, rotation of the

cylinder to 5, "which becomes reading-oif po-

sition, bec ause a high hnk of the chain is
in moved into operative position.
(¢) Rotation of the cylinder from 1 to 3

with reading-off position 2 on account of a
high link of the chain being moved 1nto op-
.cmtlv position, empty space on 2, rotation
of the cvlmdeL to 5, which become% reading-

off position, because a low link of the cham

is moved into operative pObltmn
‘Supposine the cvlinder to contain an odd

number, 2N-1, of baﬂ"q 5, the pin-wheel to

be arranged for & pins, the number of

. ch‘un hrﬂﬁ to be Ik and sa 1d different num-
Ibers to have no

length of period will be P=

in comipon, the
(2N-1) S. K
manipulations:; and if a certain number T
of empty spaces occur on the (,v iinder, the
period will be P=(2N-1-T) 5. K sign
substitutions, as a periodicity, can, of course,
occur only when all clphermn members have
returned to their initial positions relatively
to each other.

Those parts in the above described appa-
ratus, which influence the composition of
the mpher are easily and conveniently ac-
cessible for re-arrangement or exchange.
For this purpose the end walls 33, 36 of the
casing are arranged as remov 1ble lids, and
that wall of the cover, which 15 adjacent to
the chain 242, 24", can be opened on hinge
37.  When the order of the bars 5 of the
cylinder 1s to be changed, the disk 33 1s re-
moved and 1id 38 loosened. Then a pin 35
1s removed, which locks the cylinder on the
shaft 2, whereupon the cylinder can be
pulled out. When the pins 15 of the pin-

factor

wheel 12 are to be placed in other positions
the nuts 14 and 13 are screwed off, where-
upon the end 36 is loosened and the Pi-
wheel 12 ]Julled out.

Having now described my invention what
I claim i1s:

1. In an apparatus for enciphering and

<GB

90

100

110

115

120

125

130




v

deciphering messages the combination of, a
casing formed in one of its side walls with
a reading off aperture, a rocking member
provided with a series of signs visible
through said aperture in both poszitions of
salcl rociking member, a stepwise rotatable
cylinder having on its circumference a plu-
rality of axially extending series of signs
visible nccording as the said cylinder is ro-
tated through said aperture the one after
other-at the one or the other side of the al-
phabet of said rocking member, a stepwise

° movable member for arbitrarily operating

- saxd recking member, and mean: for arbi-

|
) |

o
b

23

[

g
N |

trarily moving said movable member, sub-

stantially ag and for the purvose set forth.
b y

2. In an apparatus for enciphering and
deciphering messages the combination of, a
casing formed in one of its side walls with
an elongated reading off aperture, a rocking
member 1n said casing hsving a series of
s1igns visible through said aperture in both

Ppositions of sard rocking member, a step-

wize rotatable cylinder having on its cir-

cumrerence a plurality of axially extending

series of figures displaced in relation to one
another and wisible sccording as the said
cyilnder 1s rotated through said aperture

the one after the other at the one or the

other side of the alphabet of said rocking
member, means for rotating said cylinder, a
stepwise rotatable pin-wheel, a toothed
wheel operated by said pin-wheel, a prism
rigidly connected to said toothed wheel, and
a movable endless chain operated by said
prism, the sald chamn being composed of
links of two different shapes, and adapted

ratus,

to one

ture, |

cL Ly

to operate the. said rocking member, sub-
stantially as and for the purpose set forth.

3. In a ciphering and deciphering appa-
a casing having a reading-off aper-
wure, a rocking shutter having a normal se-
ries of signs thereon visible at all times
through said aperture, a stepwise rotated

cylinder, a plurality of series of signs ar-

ranged 1n cipher order on said cylinder and

longitudinally thereof, said aperture being

0% sufiicient width te simultaneously expose

the shutter and an adjacent cipher series
anc means to shift sald shutter at intervals
sicie or the other of said aperture for

correlation to a cipher seriss at such aper-

4. In a ciphering and deciphering appa-

atus, a casing having a reading-off aper-
ture, & rocking shutter having a series of

‘characters thereon and visible at all times

through said aperture, a stepwise rotsted
cylinder, a plurality of exchanceable cipher
sories of characters arranged on said cylin-
der and extending longitudinally of the cyl-
1

to simultaneously expose said series of char-
wcters of the rocking shutter and an adja-
cent cipher series of characters, mechanism

operatad with said cylinder to irregularly

rock

saicl shutter into one or the other of
o

two positions, said mechanism including

eans to permit a change of such irregular

movement.

In testimony whereof I have heretunto
subscribed my name this 10th day of Sep-
tember 1924, '

ARVID GERHARD DAMM.

wder, sald aperture being of sufficient width

45
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