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1

. This invention relates to secrecy cipher sys-
tems, and more particularly to such systems de-
signed for use in connection with teletypewriter
systems employing the Baudot code.

Heretofore it has been proposed to encipher the
characters of a teletypewriter message by com-
bining the successive characters of a message with
successive characters of a key consisting of an
endless series of characters arranged in an ar-
bitrary and random manner, The Baudot code
pulses sent out for each message character will
then be a resultant of the Baudot pulses repre-
senting the key character superposed on those
representing the character to be transmitted.

Ordinarily each character is represented by five
Baudot impulses which may be either marking
or spacing, and the identity of the character is
determined by the successive arrangement of the
bulses as to their marking or spacing condition.
If a pulse of a message character to be trans-
mitted is ‘marking and the corresponding pulse
of the key character is also marking, then a
marking pulse will be sent out. If both pulses
are spacing, a marking impulse will be sent. If,
however, one impulse is marking and the other
spacing, then regardless of which is which, a
spacing impulse will be sent out.

If, as has been heretofore proposed, the key
pulses are derived from a random succession of
enciphering characters recorded on a teletype-
writer tape of such length that all of the messages
ever sent would not use all of the enciphering
characters so recorded, each message sent out
would be scrambled to such extent that it would
be impossible to. decipher it without knowing
what key characters were employed and in what
order. If the key characters were arranged in
an absolutely random manner, there would be no
way of predicting when a given character would
be repeated, and no way to determine in what suc-
cession the key characters followed each other.
With a message enciphered in this manner it
would be impossible to “break” the code. At the
receiving machine an identical key is provided
which combines with the scrambled signals on the
line to return the message to plain text.

As a practical matter, however, the ideal con-
ditions for complete security mentioned in the
preceding paragraph may not always be neces-
sary or desirable. To meet these conditions it is
necessary to have at each end of each circuit
duplicate random keys with as many characters
as there are in all of the plain text messages to
be transmitted. Consequently it is desirable to
use compromise measures involving simpler ar-

10

16

20

25

30

35

40

45

50

65

2

rangements. In view of the difficult problems
involved, recourse has been had in the past to the
expedient of using a key tape in the form of an
endless belt of considerable length, so that the
succession of key characters is not repeated until
a considerable interval has elapsed. In order to
lengthen the interval during which no repetition
of the arrangement of the scrambling characters
will oceur, it has been proposed to use two end-
less key tapes, each with a different successive ar-

Tangement of characters, and each having re-

corded thereon a different number of characters.
Each character on one tape is combined with a
character upen the other tape, and the resultant
set of Baudot impulses is used to encipher the
Baudot impulses of the actual message character
to be transmitted. Since the number of char-
acters on each tape is different, a repetition will
not ocecur when all of the characters on one tape
have been transmitted and it starts again with the
first character in the series.  This is for- the
reason that the first character will now be com-
bined with a different character on the second
tape from that with which it was previously com-
bined. Therefore, no repetition will oceur until a
number of characters have been transmitted
which is a product of the numbers of characters
on the two tapes. ) )
Whether the enciphering system is one using
a single tape or one using two tapes combined,
the teletypewriter at the receiving station is so
arranged that it combines the enciphered mes-
sage transmitted by the sending station with
enciphering characters recorded upon tapes ex-
actly like those used at the transmitting sta-
tion. Each set of the resultant Baudot code
impulses will correspond to that representing the
original character of the message transmitted.
In combining two Baudot codes one with an-
other, various methods may be used. The meth-
od most commonly used is that previously re-
ferred to, in which two like impulses com-
bine to produce a marking pulse, and two
unlike impulses produce a spacing pulse. For
example, if the character desired to be trans-
mitted is represented by the code combination
mark-mark-space-mark-space, and this charae-
ter is enciphered at the transmitter by being com- -
bined with a key character represented by the
code combination space-mark-space-mark-mark,
the enciphered character actually transmitted
will be that represented by space-mark-mark-
mark-space. When this combination is combined
at the receiving station with the enciphering
character space-mark-space-mark-mark, the re-
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sultant character printed at the receiving sta-
tion will be that represented by mark-mark-
space-mark-space, which, it will be observed, is
_the original message character. Anyone tapping
the line, however, will get the character repre-
sented by space-mark-space-mark-mark.

With an enciphering or deciphering arrange-
ment employing either a single key tape or two
combined key tapes, it is desirable to change
the setting of the tapes before an actual repeti-
tion of the order of characters occurs. This may
pe done by the parties at the transmitting and re-
ceiving stations having a previous understanding
as to the points in the key tapes at which mes-
sages will start from time to time. A different
starting point in the key tape may be used for
each message, or the tapes may be reset to start
at a new point after a certain amount of: time
has elapsed. If the new settings are agreed upon
in advance, it would be very difficult for an un-
authorized person to break the cipher. When the
messages are transmitted more or less continu-
ously, day in and day out over a long period of
time, it is practically impossible to agree in ad-
vance upon the settings. Therefore, it becomes
necessary for one station to advise the other as
to the point at which the enciphering tapes are
to be reset before each change in setting occurs.
This information would, of course, be sent in
cipher form. Hence there is little or no likelihood
that it would furnish a clue which could be
used in an attempt to break the cipher.

These resettings of the tapes at the transmit-
ting and receiving stations necessarily occur fre-
quently, and it is very difficult and cumbersome
to reset a tape.
provide some method of producing enciphering
combinations which will readily permit reset-
ting the enciphering apparatus to start the series
of key characters at a new point. In accordance
with the present invention, therefore, it is pro-
posed to use a series of selector switches instead
of one or more tapes to provide the enciphering
code combinations,

Specifi-allv a step-by-step selector switch hav-
ing a large number of contacts on each of its
banks is used in lieu of a tape. In the case herein
illustrated the number of contacts on each bank
is twenty-two, but it may be a larger or smaller
number as desired. Six banks of conta-ts alto-
gether are provided for each switch, five being
used to produce the elements of the Baudot ccde
(of which there are five for each key character),
while the sixth bank is used for indicating pur-
poses, as will be described later.

Each one of the five banks of each switch or
selector is used to determine one of the five im-
pulses of the Baudot code combination. Each of
the contacts in a given bank is activated in one
of two ways corresponding to marking or spac-
ing. For example, each contact may be activated
either by a connection to a positive source or by a
connection to a negative source. If preferred,
some of the contacts may be connected to a source
of any polarity, and the others may bhe made
dead or idle contacts. . Still another possibility
would be to ground some contacts and connect
others to battery. The contacts in each bank
are in any event activated in a purely random
manner in one or the other of the two possible
ways provided by the plan.

If only one switch were employed to form the
enciphering code combinations, the combina-
tion of its wipers to corresponding contacts in
the five banks would determine the five pulses
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of the enciphering code. After each code com-
bination has been transmitted, the wipers of the
switch would then be moved to the next contact
on each bank to produce a new enciphering code,
ete. A switch thus arranged would be equivalent
to an endless tape having a number of char-
acters recorded upon it equal to the number of
positions of the switch.

Inasmuch, however, as each switch bank has
only a limited number of contacts (in the case
assumed. twenty-two), it is desirable to employ a
series of switches each having five banks of con-
tacts, so that the resultant code combination will
be determined by the combined action of all of
the switches. In such case the setting of the first
and second switches in the series at any given
time may be used to determine a set of five Baudot
code units. These units in combination with the
setting of a third switch may in turn produce
another set of five Baudot code units, This second
set of Baudot code units might, when combined
with the setting of a fourth switch, produce &
third set of Baudot code units, which in turn
combine with the setting of a fifth switch to
determine a fourth combination of Baudot code
units, and so on for any desired number of
switches. Various other ways may be devised
for using circuits extending from switch to switch,
or controlled by a series of switches, to determine
Baudot code combinations for enciphering pur-
poses.  In any case the set of Baudot code units
so produced may then be used to scramble the
character to be transmitted, after which a new
code combination may be produced by advanc-
ing one or more of the switches to its next step.

If, for example, the first switch is stepped to a
new setting after each code combination has
peen transmitted, and the second switch is ar-
ranged to take one step each time the first switch
has stepped through a complete rotation, the
Baudot code combinations set-up on the five
banks of the first switch will, after each has been
combined with a code combination determined
by the second switch, be combined with a different
Baudot code combination set up by the second
switch after it moves to a new position.
will occur each time the second switch is advanced
one step by the first switch making a compiete
revolution.

The second switch may in turn be arranged so
that when it completes one rotation it will cause
the succeeding switch to advance one step. The
succeeding switch may be arranged so that when
it completes one rotation it will advance the next
switch one step, and so on for all of the switches.
By such an arrangement five switches, each hav-
ing five banks of twenty-two contacts, is capable
of producing as many as 5,153,632 Baudot code
combinations before a similar sequence or repeti-
tion in the ciphering key reoccurs. :

The use of step-by-step switches in the matter
above described has a great advantage over the
use of perforated tapes, in that the switches may
be arranged to be stepped manually by the opera-
tion of keys to any desired setting when it is de-
sired to start enciphering from a new setting.
An arrangement of switches such as above de-
scribed also has the advantage that, if each switch
is provided with an additional bank of contacts
and a lamp is connected to each contact thereof,
the setting of each switch will be visually indi-
cated by the lamp that is lighted when its wiper
rests upon a barticular contact.

Further details will be clear from a detailed de-
scription of the invention when read in connec-

This.
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tion with the accompanying drawings, Figures
1 (@) and 1 (b) of which illustrate the preferred
embodiment of the invention.

In the drawings RL is a receiving circuit upon
which the characters to be enciphered or deci-
phered are impiessed. This circuit terminates in
a winding OW: of a receiving relay RR. Nor-
mally, when no message code combination is being
received, a marking signal (which may be a cloged
circuit impulse) passes into the circuit RIL: and
holds the armature of the relay RR against its
marking contact, so that negative battery is con~

10

nected to conductor 10. When a space signal is -

received the armature is shifted to its space con-
tact and positive battery is connected to the
conductor {0.

The characters, after being enciphered or de-
ciphered in a manner to be described later, are
transmitted to a distant station or a local tele-
typewriter over g circuit TT, by means of a trans-
mitting relay TR, which may include two oper-
ating windings OWn ang OWp, and & holding
winding HW:i. The conductor 18, which is con.
trolled by the receiving relay RR, is connected te
the junction point {1 of said operating windings,
and the other terminals of said windings con-
nected to conductors 12 and 183, respectively, upon
which the key pulses are applied, as will appear
hereinafter.

In order to properly time the superposition of
the character impulses with the key impulses, and
to properly time the transmission of the combined
code impulses to the transmitting circuit TL, a
distributor TD is provided. This distributor is
of the general type employed in regenerative tele-
graph repeaters, and has a rotating brush TB
Which rotates over two segmental rings. The
outer ring includes eight segments, a normal seg-
ment 0 upon which the brush rests when it is not
rotating, a start segment Sis, code segments i, 2,
3, 4 and 5, and a stop segment Stp. The inner
ring consists of a smajl segiment 4. connected
over conductor 5 to the conductor id, and
& large segment {6 connected by conductor i7
to the holding winding HW?r of the receiving re-
lay RR. The purpose of the winding HWr will
be pointed out later. The distributor is of the
start-stop type, and is released by means of a
release magnet RM in response to the start im-
pulse received from the circuit RI.

The key is produced by means of g series of
selectors or switches A, B, C, D and E. FEach
selector has six levels or banks of segments or
contacts, herein shown as twenty-two in number
for each bank of each switch. The first, second,
third, fourth and fifth levels of the switch are
used to formulate the key code combinations,
and the sixth level is used to control lamps for in-
dicating the positions in the switches, as will ap-
bear more clearly hereinafter. FEach selector hag
a wiper for each bank of contacts, and the con-
tacts of banks or levels 1 to 5, inclusive, are con-
nected either to positive or negative battery in
an arbitrary and random order.

The five brushes of selector A are connected to
the brushes of selector B through relays Fi, Fe,
F3, F: and Fs, respectively. ‘'The armatures of
said relays are connecteq through relays Gi, Go,
Gs, G4 and Gs, respectively, to the brushes of
selector C. The armatures of this second set of
relays are in turn respectively connected through
the windings of relays H; to H;, inclusive, to the
brushes of selector D, and the armatures of the
last-mentioned relays are similarly connected to
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6

the brushes of selector E through the windings
of relays K1 to Ks, inclusive. ’

Each armature of each relay of the sets F, G
and H is, when attracted, connected to ‘negative
battery, and when released is connected to posi-
tive battery. The armatures of the set of relays
K1 to Ks, inclusive, when attracted, are connected
over their front contacts to eonductor 12, when
released, are counected over their back contacts
to conductor f3. These conductors, it will be re-
called, are connected, respectively, to the wind-
ings OWn and OW5 of the transmitting relay TL.

The brushes of the several switches may be ad-
vanced step-by-step by means of stepping mag-
nets Ma, Mp, Me, Ma and M, respectively, Each
stepping magnet has associated therewith g 1ock-
Ing relay, the relay A being agsociated with the
stepping magnet My, the. locking magnet B: be-
ing associated with the stepping maghet Me, ete.
A stepping cam SC associated with the distributor
TD is arranged to close a contact at the time the
stop impulse is being transmitted, as will be de-
scribed later. This contact completes a ecircuit
for the stepping magnet Ma to advance the wipers
of the selector A one step after each code com-
bination has been transmitted. The operation
of each of the stepping magnets of the other
switches is controlled by the preceding switch, as
will appear later. '

Each of the selectors is provided with" a sixth
level of contacts equal in number to those of the
other levels. In the case of selectors A, B, C and
D, each. of these contacts except the last one is
connected through a lamp to battery, so that
when the wipers of the switches are resting upon
a particular contact, the lamp corresponding to
that contact in the sixth level will be lighted.
The last contact in the sixth level of each of
these four switches is connected to a circuiit
which operates the stepping magnet and the as.
sociated locking relay of the succeeding switch.
A lamp is also included in the circuit of the last
contact of the sixth level of each of these
switches, to indicate that the switch is in'the posi=
tion corresponding to said contact. In the case
of selector E, the last contact of the. sixth level
is connected through a lamp to battery just as
are the other contacts of that level, and no step-
ping circuit is associated with said Jast contact
for there is no succeeding switch to be operated.

With this arrangement of stepping circuits, se-
lector A is advanced after each character has
been transmitted by the closing of the circuit
over conductor {8 which controls the stepping
magnet Ma. When the selector A is advanced to
its twenty-second step, a circuit is completed over
conductor 19 for the stepping magnet My of the
selector B. Selector B, therefore, is advanced
one step for each rotation of selector A. When
selector B has been advanced to its last contact,
a . circuit is likewise completed over conductor 20
for the stepping magnet M. of the selector C,
which in turn is advanced one step for each ro-
tation of selector B. In a similar manner the
last contact of the sixth level of selector C con-
trols the stepping of selector D, and the last con-
tact of the lower level of selector D in turn con-
trols the stepping of selector &, :

An important feature of the invention is the
provision of the keys Ka, Kb, Ke, Ka and Ke, which
are associated with conductors 18, 19, 20, 21 and
22. By means of these keys each selector may
be advanced manually step-by-step to any. de-
sired position.. The operator is,” therefore, able
at any time to reset any and all switches to pew.




2,401,507

7

positions to start a new -succession of key code
combinations. : : ) :

TFurther details of the invention will be evident ’

from g description of the operation which is as
follows:. Referring to the receiving circuit RL,
this circuit may receive either code combinations
corresponding to plain fext message characters
locally produced, or enciphered characters sent
from a distant station. The receiving relay RR
received these code combinations, and by trans-
mitting them through the windings OWas or OWp
of transmitting relay TR, causes them to be com-
bined with the key determined by the setting of
the selectors. A to E, inclusive, as will appear
later. If the received characters are message
characters in plain text form, they will then be
transmitted to the line TL enciphered.. If, on
the other hand, the receiving circuit RL is re-
ceiving characters already enciphered at a dis-
tant  station,” they will ‘be combined with the
proper key combinations set up by .the selectors
A to E inclusive to produce in the transmitting
circuit TL deciphered characters corresponding
to the original plain text message characters.

When no code combination is being received,
the circuit RL receives a continuous marking im-
pulse corresponding to the stop signal transmit-
ted after each code combination. -Each -code
combination consists of a start impulse, which is
always a spacing impulse, followed by five Baudot
code. impulses representing. the character to be
transmitted. The fifth Baudot code impulse is
in turn followed by a stopping pulse, which as
already stated, is always a marking pulse and
acts to hold the armature of receiving relay RR
against its marking contact.. The five impulses
of the Baudot code may be either marking or
spacing impulses, depending upon the characters
which they represent. .

_ Upon receiving a start signal in the form of
a spacing impulse, the winding OW: of receiving
relay RR shifts the armature of said relay from
marking to spacing, and plus battery is thereby
connected over conductor {0 to point i1, and
thence over conductor 15 to segment 14 of the
inner ring of distributor TD. From this point
the circuit continues over the brush TB of the
distributor, over segment 0 of the outer ring of
thie distributor, and through the release magnet
RM to negative battery. The release magnet is
accordingly operated and releases the brush arm
of the distributor, so that the brush TBpasses
from segment 0 to the start segment St

‘At this time the start impulse is still being re-
ceived by the relay RR and a circuit is completed
from ‘positive battery, over the spacing contact of
relay RR, over conductor 19, through the operat-
ing winding OWp of the transmitting relay TR,
over conductor 23, stop segment St; and brush TB
to the long segment i6. of the inner ring, thence
over conductor 17 and through holding winding
HW: of receiving relay RR to ground. Current
now flows int the holding winding of the receiving
relay RR in such a direction as to hold the arma-
ture against its spacing contact so long as the
prush in the distributor remains on the start seg-
ment Stt. The operating winding OWp of the
transmitting relay TL is energized over the cir-
cuit above described and operates to shift the ar-
 mature of the transmitting relay TL from its
marking to its spacing contact, so that plus bat-
tery is connected to the transmitting circuit TL:
to send a start signal to the distant station.

‘The transmitting relay TR is provided with a
holding winding HW¢ connected between ground

10

8
and the armature of said relay, so that said wind-
ing receives current in a direction tending to hold
the armature of relay TR upon the contact to
which it was last moved until an impulse is re-
ceived to shift it to  the opposite contact. The
holding winding HW: of the relay RR, en the
other hand, functions to hold the armature of the
iatter relay upon the contact to which it has been
operated, until after the brush of the distribu-
tor moves off the contact of the outer ring of the
distributor corresponding to the impulse being re-
ceived. This prevents any possibility of the suc-

. ceeding impulse shifting the armature of the re-
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ceiving relay RR to -its opposite contact. before
the -corresponding impulse has been transmitted
to line LL, since the receiving winding OWr of the
receiving relay RR produces a weaker pull upon
the armature than that caused by the holding
winding HWr.

After the brush moves away from the start seg-
ment S, the holding winding HWr is released and
the brush passes to segment number [ In the
meantime the first impulse of the Baudot code:is
being received in the operating winding OWr of
the receiving relay RR. If this happens to be a
marking. impulse, negative battery will be con-
nected to conductor t1. While this pulse is being
received, the brush of the distributer TD passes .
over segment number | of the outer ring of the
distributor and. the scrambling operation takes
place in a manner appearing presently. By this
operation the first impulse of the Baudot code
combination will have superposed thereon an im-
pulse determined by the setting of the selectors
A, B, C, D and E, and specifically this superposed
key impulse is determined by the first level of
contacts and the corresponding brushes of said
selectors. .

Let it be assumed that the selectors are in the
positions shown in the drawings, i. e. the brushes
of selector A upon the 6th segment, the brushes of
selector B upon the 18th segment, the brushes of
selector C upon the 14th segment, the brushes
of selector D upon the 20th segmsnt and the
brushes of selector E upon the 14th segment, It
will be evident that the relay Fi is not operated
since both of its terminals are connected to nega-
tive battery over the 6th contact of selector A,
and the 18th contact of selector B, respectively.
The armature of relay Fi will, therefore, rest upon
its back contact. :

Tt will also be evident that relay Gi is not oper-
ated, as -plus battery is connected to the back
contact of relay Fi and the brush of selector C
rests on & conbact connected to positive battery. -
Relay Hi, however, will be actuated because one
terminal is connected to the positive back con-
tact of relay G and the other terminal is con-
nected to the negative 20th segment of selector
D. The last relay of the series, relay K, is not
operated since one terminal of its winding is con~
nected to the negative front contact of relay Hi,
and its other terminal is connected over the brush
of selector F' to the negative 14th segment in the
first level of said selector. The armature of relay
K will, therefore, rest.upon iis back contact.
which is connected to conductor 3.

Assuming a marking signal is being received by
receiving relay RR, a circuit is completed from
negative battery over the marking contact of re-
lay RR, over conductor 18, through operating.
winding OWp of the transmitting relay TR, over
conductor 13, back contact of relay Ki to segment
number | of the distributor TD. Thence the cir-
cuit continues over the brush of the distributor
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and the long segment 16, over conductor i1, and
‘through the holding winding HW: of the receiv-
ing relay RR. Relay RR, therefore, holds its ar-
mature upon its marking contact so long as the
brush of the distributor is passing over segment
number |.

It will be noted that there are two controls
over the circuit above traced, one exercised by
the receiving relay RR and the other by the
relay Ki. In the case assumed the first of these
controls corresponds to a marking impulse, but
the control by the relay Ki corresponds to a
spacing impulse. This will result in transmit-
ting a spacing impulse to line TL because cur-
rent is transmitted through the operating wind-
ing OW5s in such a direction as to shift its arma-
ture to its plus or spacing contact. 1f, however,
the pulse received by the relay RR had been a
spacing pulse, the armature of the relay RR would
have been connected to positive battery and both
controls would have been spacing controls. Cur-
rent would then flow through the operating wind-
ing OWyp in the opposite direction. This would
result in shifting the armature of the relay TR
to its negative or marking contact and a mark-
ing signal weuld be sent to the line. .

. As soon as the brush passes off segment num-
ber 1 of the distributor, the second impulse of
the Baudot code may be received as holding
winding HW: is deenergized. Assuming that this
pulse is a marking impulse, the armature of relay
RR will assume its marking position and nega-
tive battery will be applied to the conductor 0.
The nature of the pulse to be transmitted to
the outgoing circuit TL, however, will be deter-
mined by the circuits controlled by the brushes
of the second level of selectors A to E, inclusive.

If we trace through the circuits controlled by
these brushes, it will be seen that relay Fe is not
operated as positive battery is connected to both
terminals of its winding. Relay Gz is operated
as one of its windings is connected to positive
battery over the contact of relay Fa, and the other
terminal is connected to negative battery over
the wiper of selector C. Relay H: is also oper-
ated, being connected to negative baitery over
the contact of relay Gs and to positive battery
over the wiper of selector D. Finally, relay Ka
is operated, one of its terminals being connected
to negative battery over the contact of relay He,
and the other ferminal being connected to posi-
tive battery over the second level brush of selec-
tor B. The armature of relay Kz is, therefore,
held against its front or marking contact.

A circuit for the operating winding OWnx may
now be traced as follows: From negative battery
over the marking contact of relay RR, over con-
ductor {9, through the winding OWa of relay
TR, over conductor 12, front contact of relay Ko,
second contact of distributor TD, over the brush
of the distributor to the long segment §§ of
the inner ring of the distributor, thence over con-
ductor {7, and through the holding winding HW:
to ground. This current will pass through the
winding HWr in such a direction as to hold the
contact of the receiving relay RR against its
negative or marking contact so long as the brush
in the distributor rests upon segment number 2.
This prevents the succeeding received impulse,
if in the opposite direction, from shifting the
armature of the receiving relay to spacing until
the distributor has completed the transmission
of the resulting impulse to the sending circuit
TL. The current flow through the winding OWn
is In such a direction as to activate the armature
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10
of the sending relay toward its negative or mark-
ing contact and a marking impulse is sent to
the line.

If, however, the received impulse had been a
spacing impulse, positive battery would have been
connected to the operating winding OWn, and
current would have flown through this winding
in the opposite direction. Hence the controls
exercised by relays RR and Ko would have been
spacing in the former instance and marking in
the latter instance. This would result in shifting
the armature of the transmitting relay TR to
its positive or spacing contact,. The current
through the holding HW: of the receiving relay
RR would also be reversed and would, there-
fore, hold the armature of the receiving relay
RR upon its spacing contact so long as the brush
of the distributor is upon its contact number 2,

As the brush of the distributor TD leaves con-
tact number 2, the holding winding HW: of the
receiving relay RR is deenergized, and relay RR
is now free to respond to the third impulse of the
Baudot code received from ecircuit RI., If we
€Xamine the circuit conditions in the third level
of the series of switches, it will be evident that
relays Fz and G3 are energized, but that relay
H is deenergized. Since the brush of selector E
is on the positive contact of the third level, the
relay K3 is connected to positive battery at both
its terminals and is deenergized.

With this condition existing, if the third im-
pulse of the Baudot code received from circuit
RL is a marking impulse, a circuit will be com-
bleted when the brush of the distributor reaches
the segment 3, from negative battery, over con-
ductor 18, through operating winding OWp of
relay TR, over conductor 13, back contact of relay
K3, third segment of the outer ring of the dis-
tributor TD, over the brush to the long inner
segment 16 of the distributor, and thence over
cenductor 17, through the holding winding HW:
of the receiving relay RR to ground. The cur-
rent flowing through the winding HW, is in such
a direction to hold the armature of relay RR
against its marking contact. Since the relay RR
is In marking condition due to the third received
impulse, and since the relay K3, which records
the enciphering condition for this impulse, is in
spacing condition, the current flows through the
winding OWp in such a direction as to impel the
armature of the relay TR to its spacing contact so
that a positive pulse is sent out to the line TT..

It will, of course, be evident that if the third
character impulse had been a spacing pulse, the
armature of relay RR would have been connected
to positive battery and the current fHow through
the windings HW: and OWp would have been
reversed. This would cause the holding winding
HW: to hold the armature of relay RR against
its spacing contact so long as the brush of the
distributor is upon segment 2 of the distributor.
The current through the operating winding OWp
of relay TR would now be flowing in such a direc-
tion as to cause the armature of said relay to
rest upon its marking contact, and g negative
marking pulse would be sent to the line, both
relay RR and relay K3 being at this time in spac-
ing condition.

Similarly, when the brush arm reaches segment
4, if the fourth received impulse of the Baudot
code is a marking impulse, it will be evident from
inspection that relay K4 in the fourth level of
the switches is also in marking condition and,
therefore, the transmitting relay TR will shift its
armature to its marking contact, if it is not al-
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ready resting there. The circuit in this: instance
will be from negative battery, over the armature
of relay RR, through the upper operating win-
dow  OWu, over conductor 12, front contact of
relay Ka, 4th segment of the distributor, and
thence over circuit elements previously traced
to the holding winding HWr. Obviously, if the
4th pulse of the Baudot code corresponding to
the character to be enciphered happened to be a
spacing impuilse, the current flow through the
winding OWx would be reversed and the arma-
ture of the relay TR.would be shifted to its spac-
ing contact, so that a positive pulse would be sent
over the cutgoing line TL.

Tinally, considering the fifth impulse of the
received Baudot cede, it will be evident from in-
spection that relay Ks for the existing setting of
the switches is energized and, therefore, in mark-
ing condition. Comnsequently, if the 5th received
impulse is a marking impulse, the current will
flow through the upper operating winding OWn
in sueh a direction as to shift the contact of the
reiay TR to its marking position to send out a
negative pulse to the line TL. If the received
impulse is a spacing pulse, however, the flow of
current will be in the reverse direction, and the
winiding OWn will shift the armature of the relay
TR to its spacing contact and send out a positive
pulse ‘to the line TL.

As soon as the wiper of the distributor TD
leaves segment number 5 of the olter ring, wind-
ing HW: will be deenergized and relay RR will re-
spond to the stopping impulse, which is always a
marking impulse. The relay RR will, therefore,
have its armature on its marking contact and a
circuit will be completed from marking battery
over said armature, over conductor 10, through
the operating winding OWp of relay TR, over
conductor 24 to the stop segment in the oufer
ring of the distributor, and thence over the brush
to the long inner segment 16, from which point it
proceeds over conductor {7 and through wind-
ing HWr to ground. So long as the brush is upon
the stop segment, the holding winding HWr will
hold the armature of the relay RR upon its mark-
ing contact to prevent it from responding to the
succeeding starting impulse (f one immediately
follows) before the cycle of operations is com-
pleted. . While the brush passes over the stop-

ing segment, the operating winding OWp of the
relay TR shifts the armature of ~said relay to
its marking contact so that a negative stop im=~

pulse will be sent to the line TTL. Since the hold- .

ing winding HW; receives current in such a di-
rection as to tend to hold the armature of relay
TR against its marking contact, the marking im-
pulse sent to the line will continue even after the
brush of the distributor leaves the stop segment,
and indeed, will be maintained until the succeed-
ing start impulse sets up a new cycle of opera-
tion to encipher a new- character.. . o
Coming back to the distributor TD, as the wiper
leaves the stop segment it will come to rest on the
zero segment of the outer ring engaging with
the armature of the release magnet RM: Re-
lease magnet RM, however, will not be operated
until the succeeding start impulse comes in from
the circuit RL. The succeeding starting impulse,
which is always a space impulse, will shift the
armature of the relay RR to its spacing contact
and operate the release magnet RM over con-
ductors 19 and 15, as previously described, to
start a new cycle of operation. -
Let us now return to the condition existing
while the brush of the- distributor TD was pass-
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ing over the stop segment, and thereby trans-
mitting the stop impulse to the line TL. During
the entire rotation.of the distributor up. to this
point the various selectors A,.B, C, D and E were
all set at the positions illustrated in the drawings
to impose upon the relays K1 to Ks, inclusive, an
enciphering combination for scrambling the.re-
ceived Baudot. code in accordance with the set-
ting of the switches. When' the. brush reaches
the stop segment, however, g switch-controlling
cam SC momentarily closes its contaet and con-
nects ground to conductor 18 and thence-over the
key Ka, over right-hand back contact of relay Ar,
through the winding of the step magnet Ms to
positive battery. -Step. magnet Ma is- energized,
and as it pulls up its armature, the pawl of the
armature (not shown) is advanced to engage a
retw tooth: in the stopping ratchet wheel of the
selector A. i

At its right-hand contact step magnet Ma opens
the short circuit about the right-hand winding of
relay A: (which is also connected to conductor
i8), so that relay A1 is energized:. At its right-
hand front contact relay Ai is locked up over
its right-hand winding so long as the contact
made by the cam SC remains closed. When the
relay A: locks up, it opens at its right-hand arma-
ture the circuit previously traced -through the
stepping magnet M., which is released to ad-
vance to selector A one step so that all of its
brushes now rest upen the 7th contact. The other
celectors remain as before. "As soon as the cam .
SC releases its contact the circuit over con-
ductor 18 is opened and locked-up relay A is
deenergized o that the circuit of- the stepping
magnet Ma is prepared for a new stepping im-
pulse, which will occur when the cam SC again
closes its contact after another rotation of ‘the
distributor. ' :

With- the selector A advanced to its seventh
contact, a hew serambling condition is set up in
each bank upon the relays Ki to Ks, inclusive.
If we trace the circuits, it will be evident that
in the first level, in accordance with the new set-
ting, relays F1-and Gui will be energized, relay Hi
will be deenergized; and relay Ki will be ener-:
gized to ghift. its armature to marking condition.
Tracing through the circuits of the other levels,
it will be evident that relay Ki will-be deenergized,
relay Xx will be energized, relay Ka will be ener-
gized and relay Ks will be deenergized. -Conse-
quently the new scrambling code will be mark-
space-mark-mark-space, whereas the previous

y serambling code was space-mark-space-mark-
5 mark. In other words,inthis instance each puise

of the group of five is reversed, except the 4th
one which is unchanged. This is due to the fact
that in the 4th level the wiper of selector A passes
from a 6th contact, which was negative to a Tth
contact which is also negative, whereas the wip-
ers of the other levels of selector A all happened
to pass from a contact of one polarity to a con-
tact ‘of opposite polarity. ,

It will be noted that the 6th level of each of
the ‘selectors has a set of contacts which are
conmnected through individual lamps to positive
battery. With all of the selectors in the posi-
tion shown in the drawings the brush of the 6th
bank of selector A is resting upon the 6th con-
tact, and, therefore, the 6th lamp of the group
associated with selector A will glow, indicating
that the selector is in.its 6th position. At the
same time the lower brush of selector B is.on
its 18th contact so that its 18th lamp glows.
Also the lower brush of ‘selector € is on its 14th
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contact and causes the 14th Jamp in its group
to glow while the lower brush of selector D is
on its 20th contact causing the 20th lamp of that
group to glow. Finally, the lower brush of selec-
tor E is upon its 14th contact 50 that the 14th
lamp of the last group glows. These lamps in-
dicate the setting of each of the switches. When,
as above described, the selector A was advanced
from its 6th to its 7th contact, its 6th lamp will
be extinguished and the glowing of the 7th lamp
will indicate the new setting of said selector.
Similarly other changes in the setting of any of
the selectors will be indicated by the appropriate
lamps.

When selector A has finally been advanced to
its 22nd contact, a circuit is completed over its
lower brush and the 22nd contact of its 6th level,
through the last lamp of the series, and thence
over conductor {9, contact of key Kb, back con-
tact of relay Bi, through the winding of step
magnet Mp to positive battery. Step magnet
My upon drawing up its armature advances its

pawl to a new tooth of the stepping ratchet,

but it does not move the ratchet until the step
magnet is deenergized, which occurs as soon as
the relay Bu is locked up upon the opening of the
short circuit of its winding by the right-hand
contact of step magnet My, Selector B is, there~
fore, advanced from its 18th position to its 19th
position. Thus we now have g condition where
selector A is upon its 22nd position, selector B in
its 19th position, while the other selectors re-
main in the position shown in the drawings.

As soon as the distributor DT completes an-
other revolution to utilize the new setting, it

connects ground to conductor 18 again, thereby .

advancing the selector A from its 22nd posi-
tion to its first position. The wiper of selector
A in passing from its 22nd contact opens the
locking ecircuit for the relay Bi of the selector
B, which extended over conductor 18 and the 22nd
contact of the lower contact of selector A to
ground over the lower wiper of selector A. Re-
lay B is restored to normal go that the step mag-
net Mu is now ready to receive g new impulse
after the selector A has again been advanced
step-by-step to its 22nd contact. In the mean-
time twenty-two new scrambling codes have been
set up and utilized before the selector B is again
advanced.

In g similar manner, when the selector B has
been advanced to its 22nd contact, a circuit for
step magnet M. is established and selector C
is advanced from its 14th to its 15th position.
Each time the selector B is rotated the selector C
is advanced to a new position until it finally
reaches its 22nd position, when it causes the mag-
het Ma to step the selector D from its 20th to its
21st position. Finally, after selector D is ad-
vanced to its 22nd position, stepping magnet M.
of the selector E advances said selector from its
14th to its 15th position.

To recapitulate, each time the selector A is ad-
vanced twenty-two steps, selector B is advanced
one step. Each time selector B is sdvanced twen-
ty-two steps, selector C is advanced one step.
Each time selector C is advanced twenty-two
steps, selector D is advanced one step, and finally,
each time selector D is advanced twenty-two
steps, selector E is advanced one step. Thus it
is necessary for selector D to rotate over each of
its twenty-two steps twenty-two times before the
selector E makes one complete rotation step-by-
step. This multiplying of the steps necessary for
any preceding selector to be advanced before a
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succeeding selector is advanced one step, results
in a possibility of 5,153,632 successive scrambling
codes being set up before the succession of key
codes begins to repeat itself. Moreover each one
of these 5,153,632 combinations is indicated by
the glowing of the lamps connected to the lower
levels of the five selectors.

As will be observed, keys Ka, Kb, K, etc., are
brovided in the conductors 18 to 22, inclusive.
By operating any one of these keys the corre-
sponding selector may be advanced one step man-
ually. If atany time, therefore, the sending oper-
ator desires to change arbitrarily to a new setting
of the selectors which contrel the key, he will
simply send a message to the receiving operator
to inform him what the new setting is to be.
Thereupon both operators will manipulate their
keys Ka to Ke, inclusive, a proper number of times
to advance each of the five selectors A,B,C,Dand
E to its new setting, after which communication-
may be resumed as before,

By arbitrarily resetting the enciphering ar-
rangement from time to time before the succes-
sion of over five million combinations repeats.
itself, it is possible to prevent repetition of the
complete succession of scrambling characters, and
only such repetition of individual characters-
takes place as will inevitably occur even under:
random conditions. Obviously, since we only
have thirty-two characters in ordinary teletype-
writer operation, even when these characters fol-
low each other in a random mnanner, each char-
acter will inevitably be repeated a large number.
of times in g total of 5,153,632 possibilities, and
we may even find the same group of several
characters repeated in the same order several:
times in such a large range of possibilities. But
even here these few repetitions will have no mean-
ing to one attempting to “break” the cipher, be-
cause each time they will appear in g different
environment of preceding and following char-
acters. :

It will, of course, be evident that the positive
and negative connections to each of the contacts
of each of the levels of the several selector
switches should be determined on-a wholly arbi-
trary and random basis, so that the resulting-
enciphering key will have g random base the
sequence of which will not be repeated over 5,153,-
632 operations. )

While this invention has been discussed in cer-
tain specific arrangements which are deemed de-
sirable, it will be obvious that the general princi-
ples herein illustrated may be embodied in cther

-organizations widely different from those illus-

trated without departing from the spirit of the
invention as defined in the appended claims.

What is claimed is:

1. A system for fransmitting messages com-:
bosed of characters in the form of Baudot code.
combinations, means to encipher or decipher said
messages by combining the message code combi-
nations with successive cipher code combinations
representing characters which are unrelated to:
said message characters either as to order, group-
ing, frequency of occurrence, or relationship to.
each other, means to produce said cipher code
combinations including g plurality of multipoint
switches having wipers movable from point to
point of said switches, circuits controlled by said
switches to produce key pulses, said pulse being
of one character if an odd number of said:
switches rest upon marking points and being of.
opposite character if an odd number of said
switches do not rest upon marking points, and.
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means acting after a given message character
has been combined with key pulses to shift at
least. one -of said switches with respect to the
others to produce a new cipher combination for
scrambling a succeeding message character.

2. A system for transmitting messages composed
of characters in the form of Baudot code combi-
nations, means to encipher or decipher said mes-
sages by -combining the message code combina-
tions with successive cipher code combinations
representing characters which are unrelated to
said message characters either as to order, group-
ing, frequency of occutrence, or relationship to
each other, means to produce said cipher code
combinations including a plurality of multipoint
switches having wipers movable from point to
peint of said switehes, circuits controlled by
said switches to produce key pulses, said pulse
being of one character if an odd numper of said
switches rest upon marking points and being of
opposite character if an odd number of said
switches ‘d6 not rest upon marking points, means
geting after a given message character has been
combined with key pulses to shift at least one of
said switchies with respect to the others to pro-
duce a new cipher combination for combining
with o sueceeding message character, and means
to visually indicate the point-at which each switch
is set.

3. A ‘system for transmitting messages conl-
posed of ‘characters in the form of Baudot code
combinations, means to encipher-or decipher said

messages by combining the message code com--

binations with successive cipher code combina-.
tions representing characters which are unrelated
to said message characters either as to order,
grouping, frequency of oeccurrence, or relation-
ship te each other; means to produce said cipher
code combinations including a plurality of multi-
point-switches having wipers movable from point
to- point of said switches, circuits controlled by
said switches to produce key pulses, said pulse be-
ing of one character if an odd number of said
switches rest upon marking peints and being of
opposite character if an odd number of said
switches do not rest upon marking points, a dis~
treibutor ~for successively transmitting said key
pulses to combine them with cerresponding char-
acter pulses, and meahs synchronized with said
distributor to transmit a resetting pulse-after said
key pulses have been transmitted to ‘change the
setting of said switchies with respect to. each other
to produce a -new cipher combination for combin-
ing with a succeeding message character.

4. A system for tramsmitting messages com-.

posed of characters in the form of Baudot code
combinations, means to. encipher or decipher said
messages by combining the message code- com-
binations. with. successive cipher code combina~-
tions: representing characters. ‘which are unre-
lated to said message characters either as to or-
der, grouping, frequency of occurrence, or rela-
tionship. to each: other, means ‘to produce said
cipher code combinations ineluding a plurality of
multipoint switches having wipers movable from
point to point of said switches, circuits controlled
by said switches topreduce key pulses, said pulse
being of one. character if an odd number of said
switehes rest upon marking points and being of
opposite “character .if-an odd number of said
switches do not rest upon. marking points, & dis-
tributor for successively transmitting said key
pulses: to combine them with corresponding char-
acter pulses, means synchronized with said dis-
tributor to transmit a resetting pulse after said
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key pulses have been transmitted to change the
setting of said switches with respect to each other
to produce a new cipher combination for com-
bining with a succeeding message character, and
means independent of said resetting pulse and
controllable at will to reset any or all of said
switches to produce a desired relationship be-
tween them.

5. A system for transmitting messages composed
of characters in the form of Baudot code-combina-
tions, means to encipher or decipher said mes-
sages by combining the message code combina~-
tioms with successive cipher code. combinaticns
representing characters which are unrelated to
said message characters either as to order, group-
ing, frequency of occurrence, or relationship to
each other, means to produce said cipher code
combinations including a plurality of multipoint
switches having wipers movable from point to
point of said switches, circuits controlled by said
switches to produce key pulses, said pulse being
of one character if an odd number of said
switches rest upon marking peints and being of
opposite character if an odd number of said
switches do not rest upon marking points, a dis-
tributor for successively transmitting said key
pulses to combine them with corresponding char-
acter pulses, means synchronized with said dis-
tributor to transmit a resetting pulse after said
key pulses have been transmitted to change the
setting of said switches with respect to each other
to produce a new cipher combination for com-
bining with a succeeding message character,
means independent of said resetting pulse and
controllable at will to reset any or all of said
switches to produce a desired relationship be-
tween them, and means to visually indicate the
point at-which each set is set.

6. A system for transmitiing messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code combi-
nations with successive cipher code combinations
representing characters whnich are unrelated to
said message characters either as to order, group-
ing, freguency of occurrence, or relationship to
each other, means to produce- said cipher code
combinations including a series of multipeint
switches having wipers movable from point to
point of said switches, each of said switches hav-
ing its points activated to produce & marking or
a spacing condition, circuits controlled by said

- gwitches to produce key pulses, said pulse being

56:

60:

of one character if an odd number of said
switches rest upon marking points and being of
opposite character if an .odd number of said
switches do not rest upen marking points, and
means acting after a given message character has
been -combined with key pulses to shift at least
one of said switches with respect to the others to
produce-a new cipher combination for scrambling
a succeeding message character.

. A system for transmitting messages coml-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
nessages by combininig the message code combi-

_natiors with successive- cipher- eode - combina-

70.

75

tions representing characters which are unre-
lated 1o said message characters either as to or-
der, grouping, frequency of occurrence, or rela-
tionship to each other, means to produce said
cipher code combinations including a series of
multipoint switches having wipers movable from
point to point of said switches, each of sald
» switches having ifs points- activated to produce
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‘a marking or a spacing condition, circuits con-
trolled by said switches to produce key pulses,
said pulse being of one character if an odd num-
ber of said switches rest upon marking points
and being of opposite character if an odd humber
of said switches do not rest upon marking points,
means acting after a given message character has
been combined with key pulses to shift at least
one of said switches with respect to the others to
produce & new cipher combination for combining
with a succeeding message character, and means
to visually indicate the point at which each
switch is set. .

8. A system for transmitting messages -com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code combi-
‘nations with successive cipher code combinations
representing characters which are unrelateqg to
said message characters either as to order, group-
ing, frequency of occurrence, or relationship to
each other, means to produce said cipher code
combinations including a series of multipoint
switches having wipers movable from point to
point of said switches, each of said switches hav-
ing its points activated to produce a marking or
& spacing condition, circuitg controlled by said
switches to produce key pulses, said pulse being
of one character if an odd number of said switches
rest upon marking points and being of opposite
character if an odd number of said switches do
not rest upon marking points, g distributor for
successively transmitting said key pulses to com-
bine them with corresponding character pulses,
and means synchronized with said distributor to
transmit a resetting pulse after said key pulses
have been transmitteq to change the getting of
said switches with respect to each other to pro-
duce a new cipher combination for combining
with a succeeding message character, .

9. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code com-

binations with successive cipher code combina~

tions representing characters which are unrelated
to said message characters either as to order,
grouping, frequency of ocecurrence, or relationship
to each other, means to produce said eipher code

combinations including a series of multipoint’

switches having wipers movable from point to
point of said switches, each of said switches hav-
_Ing its points activated to produce a marking or
a spacing condition, circuits controlled by said

switches to produce key pulses, said pulse being:-

of one character if an odd number of said
switches rest upon marking points and being of
opposite character if an odd number of said
switches do not rest upon marking points, a dis-
tributor for successively transmitting said key.
pulses to combine them with corresponding char-
acter pulses, means synchronized with said dis-
tributor to transmit g resetting pulse after said
key pulses have been transmitteq to change the

setting of said switches with respect to each other:

to produce a new cipher combination for combin-
ing with g succeeding message character, and
means independent of said resetting pulse and
controllable at will to reset any or all of said
switches 10 produce a desired rélationship be-
tween them. . :

. 10. A system for transmittine messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code combi-~
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nations with successive cipher code combinations
representing characters which are unrelated to
said message characters either as to order, group-
ing, frequency of occurrence, or relationship to
each other, means to produce said cipher code
combinations including a series of multipoint
switches having wipers movable from point to
point of said switches, each of said switches hav-
ing its points activated to produce a marking or
a spacing condition, circuits controlled by said
switches to produce key pulses, said pulse being
of one character if an odd number of said
switches rest upon marking points and being of
opposite character if an odd. number of said
switches do not rest upon marking points, a dis-
tributor for successively transmitting said key
pulses to combine them with corresponding -char-
acter pulses, means synchronized with said dis-
tributor to transmit a resetting pulse after said
key pulses have been transmitted to change the
setting of said switches with respect to each other
to produce a new cigher combination for com-
bining with a succeeding message character,
means independent of said resetting pulse and
controliable at will to reset any or all of said
switches to produce a desired relationship be-
tween them, and means to visually indicate the
point at which each switch is set.

11. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages:by combining the message code com-
binations with successive cipher code combina-
tions representing characters which are unre-
lated to said message characters either as to or-
der, grouping, frequency of occurrence, or rela-
tionship to each other, means to produce said
cipher code combinations including a series of
multi-point switches having wipers movable from
point to point of said switches, a set of circuit
connections related to each of g plurality of points
of one of said switches extending to each of a plu-
rality of points of a second of said switches, a set
of circuit connections related to each of said plu-
rality of points of said second switch being ex~
tended to each of a plurality of points of a third
switch -when provided; and sets of circuit con-
nections in a similar manner being extended to
succeeding switches when provided, character
determining elements associated with the last
switch of said series, said character determining
elements being activated in accordance with the
circuits thus extended from switch to switch in
the series, means to combine the key pulses formed
by said character determining elements with the
pulses corresponding to message characters, and
means acting after s given message character
has been thus treated to shift at least one of said
switches with respect to the others to produce a
new cipher combination for combining with g
succeeding message character.

12, A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by mixing the ‘message code combina-
tions with successive cipher code combinations
representing characters which are unrelated to
said message characters either as to order,
grouping, frequency of occurrence, or relationshin
to each other, means to produce said cipher code
combinations including a series of multipoint
switches having wipers movable from point to
point of said switches, a set of circuit connections
related to each of a plurality of points of one of
said switches extending to each of 2 plurality of
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points of a second of said switches, & set of cir-
cuit connections related to each of said plurality
of points of said second switch being extended to
each of a plurality of points of a third switch
when provided, and sets of circuit conhections in
a similar manner being extended to succeeding
switehes when provided, character determining
elements associated with the last switch of said
series, said character detérmining elements being
activated in accordance with the circuits thus
extended from switech to switch in the series,
‘means to combine the key pulses formed by said
character determining elements with the pulses
corresponding to message characters, means act~
ing after a given message character has been so
treated to shift at least one of said switches with
respect to. the others to produce a new cipher
combination for combining with a sSucceeding
message character, and means to visually indi-
cate the point at which -each switch is set.

13. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means toencipher or ‘décipher said
messages by combining the message code corm-
binations with successive cipher code combina-
tions representing characters ‘which are unre-
lated to said message characters either as to
order, grouping frequency of occurrence, or rela-
tionship to each other, means to produce said
cipher code combinations includirig a series of
multipoint switches having wipers movable -from
point . to point of said switches, a set of circuit
connections related to each of a plurality of points
of one of said switches extending to each of a

plurality of points of a second of said switches, a ;

set of circuit connections related to each of said
plurality of points of said second switch being
extended to each of a plurality of points of a
third switch when provided, and sets of circuit
connections in a similar mannér being extended
to succeeding switches when provided, character
determining elements associated with the last
switch of said series, said ¢haracter detérmin-
ihg elements being activated in accordance with

the circuits thus extended from switch to switch

in the series, means to.combine the key pulses
formed by said character deétermnining elements
with the pulses corresponding to message char-
-acters, a distributor for successively transmit-

ting said key pulses to combine them with corre-

sponding message charactér pulses and means
synchronized with said distributor to transmit a
resetting pulse after said Key pulses have been
transmitted to change the setting of said switches

with respect to each otheér to pioduce a new.

cipher combination for combining Wwith ‘a suc-
ceeding message character.

14. A system for transmitting messages com-
rosed of chardcters in the form of Baidot code
combinations, means to eéncipher-or decipher said
messages by combining the message code com-
binations with successive cipher code combina-
tions representing characters which are unrelated
to said message characters either as to order,
grouping, frequency of dccurrence, or relation-
ship to each other, means to produce said cipher
code combinations including a series of multi-
point switches having wipers movable from point
to point.of said switches, a set of circuit connec-
tions related to each of a ‘plurality of points of
one of said switches extending to €ach of a plu-
rality of points of a 'second of said switches, a set
of circuit connections relatéed to each of said
plurality of points of said second switch be-

ing extended to each of & plurality of points of
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a third switch when provided, and sets of -circuit
connections in a similar mannetr being extended
to succeeding switches when provided, character
determining elements associated with the last
switch of said series, said character determining
elements being activated in accordance with the
circuits thus extended from switch to switch in
the series, means to scramble the Kkey pulses
formed by said character determining elements

“with the pulses corresponding to message charac-

ters, a distribittor for successively transmitting
said key pulses to combine themn with correspond-
ing message character pulses, means synchro-
nized with said distributor to transmit a reset-
ting pulse after said key pulses have been trans-
mitted to change the setting of said switches
with respect to each other to produce a new
civher combination for combining with a succeed-
ing message character, and means independent of
said resetting pulse and controllable at will to
reset any or all of said switches to produce a de-
sired relationship between them.

15. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or declpher said
messages by combining the messagé code com-
binations with -successive ciphéer code combina-
tions representing characters which are unrelated
to said message characters either as to order,
grouping, frequency of occurrence, or relation-

‘ship to each other, means to produce said: ‘cipher

code combinations including a series of multipoint
switches having wipers movable ‘frém point. to
point of said switches, a set of circuit connectmns
related to each of a plurality of points of one
of said switches extending to each of a plurality
of points of a second of said switches, a set of
circuit connections related toeach of said plural-
ity 'of points of said second switch being extended
to each of a plurality of points of & third switch

“when provided, and sets of circuit cornnections in

2 -similar manner being extended to succéeding
switches when provided, character detérmining
elements associated with the last switch -of said
series, said character détérmining elements being
activated in accordance with the circuits thus
extended from switch to switeh in the series,
means to combine the key pulses formed by said
character determining élements with the pulses
corresponding to message characters, a distribu-
tor for successively transmitting said key pulses
to combine them with corresponding message
character pulses, means synchronized with said
distributor to transmit a resetting pulse after
said key pulses have been transmitted to change
the setting of said switches with respect to each
other to produce a new cipher combination for
combining with a sticceeding message character,
means independent of said 1esettmg pulse and
controllable at will to reset any or all of said
switches to produce a desired relationship be-
tween them, and means to visually indicate the
point at which each switch is set.

16. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code combi-
nations with successive cipher code combinations
representing characters which are unrelated to
said message characters either as to-order, group-
ing, frequency of occurrence, or relationship to
other, means to produce said cipher code combi-
each other, means to produce said cipher code com-
binations including a series of switching stages,
each of said stages having a plurality of terminals,
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a set of character determining elements one cor-
responding to each unit of the Baudot code, said
character determining element being associated
with separate terminals of a final switching stage

of the series. a set of interstage conductors re- -

lated to terminals of the next preceding stage,
said conductors leading to terminals of said final
switching stage, and sets of interstage conductors
related to terminals of still earlier stages when
provided, each such set leading to terminals of
the next succeeding stage, the number of con-
ductors in each interstage set being evenly divis-
ible by the number of said character determining
elements, -said character determining elements
being activated in accordance with circuits ex-
tended from stage to stage in the series, means
to combine the key pulses formed by said char-
acter determining elements with the pulses corre-
sponding to message characters, and means act-
ing after a given message character has been com-
bined with key pulses to shift the connections of
a} least one of said sets of interstage conductors
with respect to the other sets to produce a new
cipher combination for combining with a succeed-
ing message character.

17. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code combi-
nations with successive cipher code combinations
representing characters which are unrelated to
said message characters either as to order, group-~
ing, frequency of occurrence, or relationship to
each other, means to produce said cipher code
combinations including a series of switching
stages, each of said stages having a plurality of
terminals, a set of character determining ele-
ments one corresponding to each unit of
the Baudot code, said character determining ele-
ment being associated with separate terminals of
a final switching stage of the series, a set of inter-
stage conductors related to terminals of the next
preceding stage, said conductors leading to termi-
nals of said final switching stage, and sets
of interstage conductors related to termi-
nals of still earlier stages when provided, each
such set leading to terminals of the next
succeeding stage, the number of conductors
in each interstage set being evenly divisible by
the number of said character determining ele-
ments, said character determining elements being
activated in accordance with circuits extended
from stage to stage in the series, means to com-
bine the key pulses formed by said character de-
termining elements with the pulses corresponding
to message characters, means acting after a given
message character has been combined with key
pulses to shift the connections of at least one

- of said sets of interstage conductors with respect
to the other sets to produce a new cipher combi-
nation for combining with a succeeding message
character, and means to visually indicate the
point to which each switching stage is so shifted.

18. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code com-
binations with successive cipher code combina-
tions representing characters which are unrelated
to said message characters either as to order,
grouping, frequency of occurrence, or relation-
ship to each other, means to produce said cipher
code combinations including 3 series of switching
stages, each of said stages having a plurality of
terminals, a set of character determining ele-
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ments one corresponding -to each unit of the
Baudot code, said character determining element
being associated with separate terminals of a
fina] switching stage of the series, & set of inter-
stage conductors related to terminals of the next
preceding stage, said conductors leading to ter-
minals of said final switching stage, and sets of
interstage conductors related to terminals of still
earlier stages when provided, each such set lead-
ing to terminals of the next succeeding stage, the
number of cenductors in each interstage set being
evenly divisible by the number of said character
determining elements, said character determining
elements being activated in accordance with cir-
cuits extended from stage to stage in the series,
means to combine the key pulses formed by said
character determining elements with the pulses
corresponding to message characters, a distributor

-for successively- transmitting ‘said key pulses to

combine them with corresponding message char-
acter pulses, and means synchronized with - said
distributor to transmit a resetting pulse after said
key pulses have been transmitted to change the
connections. of at least one of said sets of inter-
stage conductors with respect to the other sets to
produce a new cipher combination for combining
with ‘a succeeding message character.

19. A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
messages by combining the message code combi-
nations with successive cipher code combinations

_representing characters which are unrelated to

sald message characters either as to order, group-
ing, frequency of occurrence, or relationship to
each other, means to produce said cipher code
combinations including a series of switching
stages, each of said stages having a plurality of
terminals, a set of character determining ele-
ments one corresponding to each unit of the
Baudot code, said character determining ele-
ment being associated with separate terminals of
a final switching stage of the series, a set of in-
terstage conductors related to terminals of the
next preceding stage, said conductors leading to
terminals of said final switching stage, and sets of
interstage conductors related to terminals of still
earlier stages when provided, each such. set lead-
ing to terminals of the next succeeding stage, the
number of conductors in each interstage set being
evenly divisible by the number of said character
determining elements, said character determin-
ing elements being activated in accordance with
circuits extended from stage to stage in the series,
means to combine the key pulses formed by said
character determining elements with the pulses
corresponding to message characters, a distribu-
tor for successively transmitting said key pulses
to combine them with corresponding message
character pulses, means synchronized with said
distributor to transmit a resetting pulse after
said key pulses have been transmitted to change
the connections of at least one of said sets of in-
terstage conductors with respect to the other sets
to produce a new cipher combination for combin-
ing with a succeeding message character, and
means independent of said resetting pulse and
controllable at will to reset any or all of the con-
nections of said sets of interstage conductors to
produce a desired relationship between them.
+20.-A system for transmitting messages com-
posed of characters in the form of Baudot code
combinations, means to encipher or decipher said
‘messages by combining the message code combi-
nations with successive cipher code combina-
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tions representing characters which-are unrelated
to said message characters either as to order,
grouping; frequency of occurrence; or relationship
{o each other, means to produce:said cipher’code
combinations including ‘a series of ‘switching
stages, each of ‘said stages having a plurality -of
terminals, a set of -character determining ele-
ments one corresponding to -each unit:of the
Baudot code, said character:determining ele~
‘ment being associated with separate terminals of
4 final switching stage ‘of the series, a set-of in-
terstage’ conductors related to terminals of the
next preceding stage; ‘said. conductors:leading to
terminals-of said final'switching stage; and sets ‘of
interstage conductors related to terminals of 'still
‘earlier stazes when provided; each:such set lead-
ing ‘to terminals of ‘tHe next succeeding stage,
the number of -conductors-in-each-interstage set
being evenly divisible by thie number-of said char-
acter determining elements, said character de-
termining’ elements ‘being ‘activated ‘in accord-
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ance with circuits extended from stage to 'stagé

in the series, means to combine the key pulses
formed by said character determining- elements

with the pulses corresponding to message charac-
ters; a distributor for successively -transmitting
said key pulses'to combine them with correspond-
ing message character pulses, means synchronized
with said distributor to transmit a resetting pulse
after said key pulses have heen transmitted to

"change the -connections of at least one of said

sets of interstage conductors with respect to the

‘other sets to.produce a new cipher combination

for combining with a succeeding message charac-
ter, means independent of -said resetting pulse
and controllable at will to reset -any or all of the
connections of said sets of interstage conductors
to produce 4 desired relationship between them,
and means to visually indicate the reset condition
of said connections. s : : :
DONALD B. PERRY. .



