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23 Claims. (CI 178—22)

1

This invention relates to the enciphering of
telegraph sighals and barticularly to the en-
ciphering of teletypewriter sighals,

More particularly this invention is an improved
enciphering system for enciphering signals trans-
mitted by a modern teletypewriter in a manner
to provide a neat printed record of an enciphered

- message by a mechanism which dispenses with the

well-known key tape.

An object of this invention is the improvement
of enciphering systems for telegraph signaling.

A more particular object of this invention is
the improvement of systems for enciphering per-
mutation code teletypewriter signals.

Ancther object of this invention is the provision
oI an improved system for the modification of
bermutation code combinations resulting from

the random enciphering of permutation code

“combinations for teletypewriter signaling which
latter combinations include functional code con-
binations such as line feed, carriage return, fig-
ures, etc., so that such functional code combing-
tions do not appear in their regular form at ran-
dom in the enciphered message. | o

Another object of this invention ig to devise an

Improved system to produce a neat, compact typed
record of randomly enciphered teletypewriter per-

mutation code combinations which include func.

tional code combinations. | | |

Another object of this invention is the en-
ciphering of permutation code telegraph signals
by means of a system of cams which produce the
enciphering permutation code combinations.

A method of enciphering teletypewriter signals
which is well known in the art is the key tape
method. In this method permutation code Com -
‘binationg such as Baudot code combinations are

punched in a tape in random sequence. Kach of

the permutation code combinations, representing
for instance a letter in a werd in a message which
is to be enciphered, is modified by one of the code
combinations in the key tape. For instance, if the
first of the five code elements corresponding to
the letter is a marking element and the first of
the iive code elements of the enciphering symbol
in the key tape is also a marKing element, the en-

ciphering mechanism may be arranged so that s |

marking element will be produced as the corre-
sponding first element in the resultant enciphered
symbol. If the second of the five code elements
corresponding to the lefter is a spacing element
and the second of the five code elements of the
enciphering symbol is a marking element a spac-

ing element will be produced in the enciphered

symbol. And, in general, where corresponding

10

15

20
in a text to be enciphered is represented by
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- original text reappears:
50 |

68
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elements in the permutation code combination
for the text letter and in the permutation code
combination for the enciphering symbol are alike,
marking elements will be produced and where
they are unlike spacing elements will be produced
in the enciphered symbol.
- In order to decipher the resultant code com-
binations transmitted to the distant receiver, it
IS necessary to have a key tape at the receiving
station which is identical with that used in en-
ciphering the symbols at the transmitter. The
recerved permutation code combination for a pars-
ticular enciphered character is matched with the
same code combination in the key tape and the
original permutation code combination corre-
sponding to the letter in the text is thereby pro-
duced. This will become more apparent from the
following. |

Let it be assumed that the Baudot permutation
code combination for a particular letter in g word
| { where - represents a current or
marking signal element and — represents a no
current or spacing signal element. Let it be as-
sumed that the permutation code combination
with which it is combined in the key tape to form
an enciphered permutation code combination is
+ =~ — — 4. In the enciphering mechanism
is arranged so that corresponding like signal ele-
ments in the two combinationg produce a -+ or
marking signal element and unlike elements pro-
duce — or spacing signal element the result and
enciphered symbol will be: |

ok — 4+ — — Text
RN - Key tape

Enciphered

t | i

If now the enciphered permutation code com-
bination is transmitted to a distant station and
matched against the identical code combination
in & Key tape with which it has been enciphered
In a mechanism which is also arranged to produce
& marking signal element when corresponding sig-
nal elements in the received enciphered code com-
bination and in the key tape are alike and a Spac-
ing signal element when they are unlike, the per-
mutation code combination of the letter of the

4+ 4+ ~ Enciphered
+ — — — 4 Key tape
+ — 4 — — Text

In order_ to minimize the possibility of the de-
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ciphering bf_ an enciphered massage by unauthor-

 ijzed persons, it has been determined that a key

tape having about one million randomly occurring
permutation code combinations 1s

long. The practical equivalent is produced by

the use of two key tapes &t each station instead

of one. Each of the tapes has slightly less than
~ one thousand code combinations.
‘have slightly di
tions.
tape at a particular station 1S _
particular code combination in the second key
tape, say the first code combination
produce an
is then combined with the code

combination of

the text to produce an enciphered symbol. Themn

the second key tape 1s stepped to the next com-
bination. Each of the code combinations in the
first key tape is then combined with the second

reguired. If
- one million_.codescombinations were punched in a -
single key tape the tape would be -excessively

The tapes
erent, numbers of code combina-
Fach of the combinations in the first key
combined with &

, therein, to
enciphering code combination which

2,408,023
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- ciphered message Ol

A

the enciphered combinations are arranged in
groups of five separated by a space, ten groups
In the arrangement per Patent
1,416,765, however, 1t is necessary to type the en-
o, teletypewriter receiver be-

- fore it can be transmitted. In producing the en-
 ciphered message a teletypewrlier receiving n-

10

strument is actually part of the enciphering
mechanism. As stunt combinations appear and

“are recognized by the sensing circuits in the en-

ciphering circuits, conditions are imposed on vari-

ous complementary contrel
tend into a teletypewriter receiving printer which

conductors which ex-

.. forms part of the. enciphering mechahism, per se.

15

20

code combination in the second key tape and sO -

on. The number of enciphering code combina- -

tions which can thus be produced is equal to the

~each tape. he comk
and effort of producing
very considerably reduced as
length of and the time and €l

single key tape providing a corresponding num-
 ber of enciphering code combinations. However,
the two key tape arrangement In this respect still

compared with the

leaves much to be desired as the tapes tear easily

and become multilated and worn ii used for any
- considerable length of time. o

- The invention herein corrects this condition by
o arrangement wherein a system of cams is used
ror enciphering instead of paper tapes. '
is achieved in part by using four sets of five en-

ciphering cams each at each station. The start-
adjustable -

ing positions of each of the cams 1S _
with respect to the starting position of each of
the others. This greatly lncreases the number
of different enciphering sequences obtainable be-
fore repetition is necessary.. . | | R

" As is well understood in the art, in modern tele-

| typewriter tranmission systems, in’ '_addit_ion' to
code  combinations

fransmitting permutation _
representing letters and numbers it is also neces-
sary to. transmit. other combinations to perform
certain functions.

o space between words. It is necessary to trans-
rait ancther particular code combination to ad-
just the receiving teletypewriter so that charac-
ters are typed on the succeeding line. ~Ancther
particular code combination 1s required to return
the carriage of the receiving teletypewriter to
the normal starting position. In addition, a, par-
ticular code combination is required to shift the
receiving mechanism so that it prints figures in-
«tead of letters and yet another to readjust the
receiving teletypewriter to again print letters.
 When the code combinations '

3 MESSAgE are combined with the random enciph-

ering code combinations, any one of the code com-

 binaticns which performs the functions enumer-
‘ated above may be produced In random fashion.
- Reference is |

Vernam, May 23, 1922- - which discloses an ar-

teletypewriter receiver stunt combinations are

each translated into two-letter combinations.

Furt_her in the &rr&ngeme:at per Patent 1,416,765

of -code combinations in.

ort, of producing a.

This

. For instance it is necessary to
transmit a particular code combination to insert.

for the text of

From eight to thirteen conductors

are employed

in the various embodiments interconnecting the

teletypewriter receiver and the other parts of the |

enciphering circuit per Patent 1,416,765. 1In such
an arrangement, chvicusly the teletypewriter re-

ceiver forms part of the enciphering mechanism
per se. It is controlled over the local conductors

and adjusted as necessary in response to the ad-

jacent controls to print neat copy. If the tele-
typewriter enciphering mechanism other than
the teletypewriter receiver in Patent 1,416,765
were in one city and the receiver were in a dis-

tant city. it would be necessary to interconnect

30

the separated components of the apparatus in
Patent 1,416,765 by from eight to thirteen con-
ductors or their equivalent. The arrangement in
Patent 1.416,765 is not intended to be and is not -

 operated in such manner, but attention is called

to this aspect of the operation of the apparatus

of Patent 1,416,765 in order to point ocut one of

the important aspects of applicant’s invention.
In applicant’s arrangement it is not necessary

 to type the enciphered message or to punch it 'in .

40

a tape before 1t is transmitted. The enciphered

combinations are transmitted directly as they are . '
produced. The randoinly appearing stunt com-

binations are modified as they appear and are

transmitted directly from the enciphering mech-

anism to the distant city without the intermedi-

ary of a teletypewriter receiver. ‘Spaces are in-

troduced between groups of five combination and
line feed and carriage return  combinations are
introduced after each ten groups of five com-

 binations each without employing a teletype-

50

writer receiver in the enciphering ‘mechanism

At-the distant station the enciphered message,

 in accordance with this invention may be re-
" ceived directly in enciphered foI'm On 2 teletype-

writer receiver which will print ten groups of five
enciphered letters each to a line. If it is desired

‘the message may be simultaneously punched in a

tape which is then used to control the deciphering '

- mechanism which is part of this invention.

If it is preferred the enciphered message may

ao Petypedin enciphered form, ten words of five let-

ters each to a line at the transmitting end. When |

- in this form, the enciphered message may be de-
- livered. to commercial companies for transmission
~ over commercial lines.. As an aid in such opera-

made to Patent 1,416,765, G. S.
| | 25 =Y _ / 70
rangement. whereln- randomly - enciphered tele-
“typewriter code combinations corresponding 10

5 tion, the apparatus of the invention herein Is ar-
ranged so.that part of the message, such as the

address and sighature may. be in plain text and
part may be enciphered. In response to the ap-

pearance of “particular seguences of three code
‘combinations, either in the tape bearing the plain

text or in the tape bearing the enciphered mes-
sage- the enciphering and deciphering mecha-

 pisms of the invention herein will be controlled to

s

shift from plain text to enciphered: combinations

and vice versa
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A feature of this invention is an arrangement

in which four sets of cams cooperate in pairs of
sets to establish a resultant enciphering permuy-
tation code combination, - | '- :

- Another feature of this invention is an ar-
-rangement by means of which the starting posi-
tion of each of the cams of each set is individually

adjustable with respect to the starting position of

each other cam in the group and the starting pOo-
sition of the cam group is adjustable with re-
spect to the starting position of other cam groups.
Another feature of the invention is a system of
clutches which clutches are controlied in different
manners in response to the random appearance of
functional code combinations in the enciphered
text at different times to permit the transmission
of other non-functional code combinations in
their stead as well as the introduction of certain
functional code combinations when required.
Another feature of the invention is an arrange-
ment in which randomly enciphered permutation
code signal combinations including stunt combi-

nations translated into non-stunt combpinations

are produced and transmitted from one station to
a distant station without the intermediary of g
teletypewriter receiver at the transmitting
~ station.

These and other features will become appar-

ent from the following description when read with .

reference to the associated drawings exemplifying
one embodiment of the Invention, in which: |

Fig. 1 is an introductory sketch explaining op-
erations underlying the invention; -

Fig. 2 is a diagram used in explaining the rela-~

tionship of the major apparatus units involved in
teletyping a message, enciphering the message,
transmitting the enciphered message and receiv.-
Ing an enciphered message in enciphered form on
a receiving page teletypewriter:

~ Fig. 3 1s a diagram used in explaining the rela-
tionship of the major apparatus ynits involved in

teletyping a message, enciphering the message,

transmitting the enciphered message, receiving
the enciphered message on a typing reperforator,
deciphering the message and receiving the de-
ciphered message on a receiving page teletype-
writer; - | - |
- Fig. 4 is a diagram showing the manner in
which the drawings per Figs. 5 to 13 should be
arranged, each in relation to the other, to form
an operative system: |

Figs. 5 to 13 show the apparatus and circuits of
the enciphering and deciphering system of this
invention; | | |
~ Figs. 14 to 17 are development diagrams used in
explaining the arrangement of the four sets of
enciphering cams: | B

Figs. 18 and 19 show details of the enciphering
cams and enciphering auxiliary cams respec-
tively; | | o

Fig. 20 shows details of the arrangement for
changing the settings of the various enciphering
‘cams so as to vary the sequence of the encipher-
ing combinations; and | |

Figs. 21 to 27 are time charts used in explaining
the relative times of occurrence of various opera.
tions. | |

| Genemz description of operation

Refer now to Fig. 1 which is an introductory
sketch for use in explaining the basic operations
underlying the invention, |
~ In Fig. 1 four sets of enciphering cam-operated
contacts are shown, cam set contacts I, 2, 3 and 4.
‘The cams will be described more fully below,
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There are five rotatable cams in each set. Fach
cam, not shown in Fig. 1 controls an individually
adjustable element or armature such as armas-
tures 6 to 10 controlled by cam set 1. FRach ar-
mature is operated to engage one or the other of
its two contacts such as 11 or {2, depending upon
the cutting of its respective cam. Successive per-
mutation code combinations of the contacts as-
sociated with each cam set are established in re-
sponse to the rotation of the cams. | S

‘The contacts associated with cam sets | ang 2
cooperate as a group to control the operation of
relays 15 to 19. Similarly, the contacts ass0cCi-
ated with cam sets 3 and 4 cooperate as g5, group
to control the operation of relays 30 to 34. If g

particular cam in cam set No. 2 Presents a raised

suriace in a particular position on its periphery to

-armature 21, the armature will be operated so as
- 10 engage its contact 22. If simultaneously a

raised: surface on the periphery of the corre-
sponding cam in cam set No. { is presented to
armature 6, armature ¢ will engage contact 12,

‘Under these circumstances a cireuit may be

traced from ground through contacts 22 and 12 in
series and through the winding of relay i5 to
battery, actuating the armature of relay 15 to en-
gage 1ts contact 23. If the periphery of the cam
presented to armature 21 in cam set No. 2 is de-
bressed, the armature will engage contact 24. It
the periphery of the cam presented simultane.
ously to armature 6 in cam set No. § is depressed,
armature 6 will engage contact (1. Under these
circumstances a circuif may be traced from

ground through contacts 24 and (i in series and
the winding of relay 15 to battery, operating the

armature of relay 15 to engage contact 23 as here-
tofore. If either one of armatures 2{ and 6
Is actuated to the left and simultaneously the
other of these two armatures is actuated to the
right there will be no path available to energize
relay 19. Under these circumstances the arma-

ture of relay 15 will engage contact 25. In order

o energize a relay such as 1§ therefore it is obvi-
ous that each of the armatures such as 21 and 6
must be in corresponding positions. The arma-

tures of relays 15 to 19 will be operated in con-

formity with the resultant of the permutation
codes established by the cams of cam setg No,

and No. 2. Similarly, the armatures of relays 30

to 34 will be controlled by cam sets 2 and 4.

~ The code resultant relays 35 to 39 are con-
trolled through the cooperation of relays 15 to
{9 and 30 to 34. IXf the armature of s relay
such as 19 in one group is actuated to s par-
ticular position and the armature of a corre-
sponding relay such as 30 in another group is

actuated to a corresponding position the circuit

extending from ground such as 4! will be closed

through the contacts in series and the winding
of relay 3% to battery. If the armature of g relay
such as 15 in one group is actuated to a par-

ticular position and the armature of g relay
such as 30 in the other group is actuated to a
n0n-corresponding position the path through the
relay contacts will be open and the winding of

the corresponding code resultant relay will be |

deenergized.

As a result of the above-described operations
the resultant of the permutation codes estab-
lished by cam sets |, 2, 3 and 4 wil] be set up
by relays 35 to 39. Transmitting contacts 80 to
84 will be set permutatively in conformity with
the permutation code combinations of the mes-
sage text. The armatures of relays 45 to 49
will be controlled by the settings of contacts



~ ciphering code combinations,

7
80 to 84. If a contact such .as ‘80 is closed, .2
~ circuit will be: established from ground “through
" contact 80 and the winding:of relay 45 to batiery,
operating
tact 50. If a contact such as 80 is open the
srmature of a relay such as 45 will be -actuated
to engage a contact such as Bl. The code com-
binations established on the armatures of relays
45 to 49 will be combined with the enciphering
_resultant code combinations established by re-
lays 35 to 29. If the armatures of relays in
corresponding positions on
lays 45 to 49 and on the ‘enciphering code re-
“sultant relays 3% to 339 are both in corresponding
positions, circuits will be established from ground

the armature of relay £% to engage con~

10

the message text re-

15

through contacts such as 85 and 50 in series anagd -

the winding of a relay such as relay 89, closing
contact 60. If the armatures of relays suchh as

ing on relays 55 to 59 to
65 to 69 in proper order and the transmission of

tributor 18.
- rings.
- oped condition.

2,408,023
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two code combinations, the invention herein 1s
arranged so that each of the randomly enciph-
ered code conibinations appearing on relays 9o
to 59 is sensed to detect a stunt combination

while the preceding code combination is being

transmitted.

- The transt er-' o-f.the-' code combinations app-ear-
the distributor relays -

| control of dis-
This distributor has two palrs of
These rings are indicated In the devel-
One pair of rings, solid ring 11
and segmented ring 72, which are connected to
the single  transmission channel formed by the
two line conductors, controls the transmission
of the enciphered code combinations. The sec-

the code combinations are under

~ ond pair of rings, grounded ‘solid ring 13 and

a5 and 51 are not actuated to corresponding

positions, there will be no closed path -available
for operating a corresponding relay such as relay
55. - The permutation code combinations estab-
lished by

bination of the message text with the permuta-

tion ‘code combination resulting from the oper-

ation of cam sets | to 4 will be established on
the armatures of relays 5% to 99. |

20

combining the permutation code com-

25

If all that were required were the transmis- -

sion of encivhered permutation code combinsa-
tions resulting from the modification of the mes-
sage text code combinations by the resultant en-
the code combina-
tions appearing -on the .code resultant relays 39
to 39 could be combined directly with the
~ combinations appearing

_tr.ansmitting%contacts 80 to 84. The three groups

of relays, namely, the ciphered text transmit-

30

code
on the message text

3D

ting relays 45 to &9, the storing relays 55 to 59

and the distributor relays §8 to 53 are introduced
to permit the sensing of the enciphered text code
combination to detect, among the random code

40

combinatlons appearing, the code combinations

which -~ would if transmitted cause a receiving

teletypewriter to respond by returning -its .car-
riage to the starting position, operating the line
feed mechanism operating the spacing mecha-

nism, shifting to the upper or lower case or in-

troducing 2 space at undesired times. 1n short,

these relays prevent the random transmission of

functional or stunt combinations as they are

‘known in the art and introduce functional com-

binations at proper times to print the enciphered

text in o neat pattern, namely, in five-character

groups, ten groups t0 a line.

. In order to perform these functions consider-

- able apparatus in addition to that disclosed in

Fig. 1 and shown on ‘the detailed circuit and

apparatus drawings herein is required. For in-

stance, in order to determine if a stunt code com-

bination has been established at random on re-
lays 55 to 58, circuits are established in series
through contacts, which are shown only in the
more detailed drawings, when the stunt code
" combination appears. Under such circumstances
the stunt code combination Is not transmitied.
The single stunt combination is replaced by a
two-letter combination. The first letter of the
two-letter combination is always an E. The sec-
ond letter may be any |
ing upon the particular function. ‘Ihe combina-
" tion corresponding to the fu ction is changed

by modifying the fifth element of -the combina-
tion. o | -

In order to do this, that is, permit the transia-
tion of a random stunt code combination into

seemented ring 14, controls the times of frans-.

fer of the enciphered code combinations from the
group of relays comprising relays 99
eroup of relays comprising relays 65 to 9. Rings

to 59 to the

11 and 12 are interconnected by one palr of
brushes 76 and 17 and rings 18 and 74 are inter-
connected by a second pair of brushes 18 and T9.
Both pairs of brushes are carried by one rotat-
able arm, not shown in introductory Fig. 1 but
indicated as arm 101 in Fig. 6. . |

1f o code combination appearing OIl the con-
tacts of relays 55 to 28, when sensed by the se-
ries circuit through auxiliary contacts on these
relays shown in the more detaileq drawings, IS

not a stunt combination appearing at random,
after the preceding code combination has been

transmitted by means of relays 63 to 69 and dis-
tributor rings 12 and 11, the code combination
will be transferred at the proper time under con-
trol of rings 73 and 14 to the transmitting mech-
anism. It will then be transmitted. TIf, however,
it is a random stunt combination, the combi-
nation corresponding to the letter E will be es-
tablished on relays 63 to 69 as soon as the pre-
ceding character has been transmitted. During
this interval -the code combination correspond-

5 ing to the -random stunt “will be modified by

changing the fifth element only. The changing of

‘the fifth element of any of the five stunt com-

~ pinations results in the formation of a code com-

5

pination corresponding to a particular one of
five=letter combinations. Then the resulting let-
ter combination will be transferred to the trans-

mitting apparatus for transmission as the sec-

ond lefter of the two-letter combination substi-
tuted for the random stunt combination.

~The above will serve as an introduction to the
detailed description to foliow. | |

- It is pointed out that in order to perform~'other

Gl

G4

one of five letters depvend- '

functions such as to introduce a combination
for a space-at the proper interval, to separate the
code combinations into groups of five ‘symbols
(or code words as they wil be called herein) and

in ‘order to introduce Pproper code combinations

at the end of a line, etc., a counting mechanism,
5 system of clutches and controls therefor are
included in the detailed drawings. Further, the
substitution of two combinations for one Intro-
duces complications. For instance, a complica-
tion arises when a random stunt combination oc-
curs in position to be transmitied as the fifth
element of a code word and the letter E and the
second letter of the two-letter ‘combination must
be separated by a space. Another occurs when a

~ random stunt combination-appears in position for
~ transmission as the last combination in the last

5

code word of a line;, Caring for these and other
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conditions requires that the system of Fig, 1 be
elaborated into the detailed system of the inven-
tion shown on the other drawings herein which
will now be described. | |
Refer now to Fig. 4. Fig. 4 shows the manner

in which Figs. 5 to 13, inclusive, should be ar-

ranged each in relation to the other to form an
operative system. |

The keys in Fig. 5 may be operated in giff
ent manners tg obtain different operating ar-
rangements as shown in Figs. 2 and 3. | |
~In the arrangement shown in Fig. 2 a sending
and receiving page teletypewriter equipped with a
periorator is indicated by the left-hand rectangle.
It 1s connected to a cipher unit which enciphers
and transmits the
~ Indicated by the middle rectangle,
unit transmits the message 10 a receiving-only
page teletypewriter which prints the enciphered
message In five-letter code words, ten words to a
line. The receiving-only page teletypewriter is
represented by the right-hand rectangle. It may

be located at the same station as the enciphering -

apparatus shown in the two left-hand rectangles.
or if desired, if may be located at the office of
the local commercial telegraph company or at
an office in a distant city. The enciphered mes-
sage in this form may, if desired, be transmitted

er-

10

15

message. The cipher unit is.
The cipher

20

lh
(]|

over the facilities of a commercia] telegraph com-

pany. Thereafter, the received message may bhe
deciphered and printed as it appeared in the orig-
Inal text by running the message through the ci-
phering unit and modifying it by means of the
code combinations resulting from camsettingscor-
responding to those used in criginally encipher-
Ing the text.

Fig. 3 shows an arrangement wherein, as rep-
resented by the successive rectangles from left to
right, a sending andg receiving page teletypewriter
with perforator, perforates andg records s plain
text message. The plain text message is im-
pressed on the cipher unit which enciphers and
transmits the message directly to a distant sta-

30

35

4()

10

are incorporated herein by reference ag part of

the present specification

With the keys in Fig. 5 in the positions shown,
a circuit may be traced from battery 561 through
the receiving selector magnet 9862, contact 503
of key 5084, teletypewriter transmitting contacts
°05 and contact 506 of key 504 to ground 5017,
energizing the sending and receiving teletype-
writer., The sending and receiving teletypewriter
is equipped with a well-known periorator which
perforates the code combinations of the charac-
ters and stunt functions of the message typed
on the teletypewriter in g well-known manner.,
The perforated tape is stored on a storage reel
398. The perforated tape containing the mes-
sage-1o be. enciphered is then
perforated tape supply reel 181 in Fig, 7 and is
run over roller 702 through tape lever roller 783
and roller 704 gver the sensing pins 765 to 709
under the influence of the tape feed mechanism
710 in a manner to be described more in detail
hereinunder. The code combinations gppearing
in the tape are modified by the mechanism of the
ciphering unit in g manner to be described and
are impressed on the transmitting distributor
60f. The enciphered signals are impressed on s
circuit which may be traced from ring 602 of the
distributor through conductor 603 into Fig. 5
where the circuit extends through contacts 5909
and 310 of key 504, contact 511 of key 512 through
selecting magnet 513 of the receiving-only tele-
typewriter 8§25, through contact 514 of key 512,
contact 515 of key 516 through the selecting mag-
net 3t7 of the typing reperforator 026, contact
918 of key 516, contact 519 of key 520 and resist-
ance 921 to battery 522. The opposite side of the
transmitting circuit extends through brushes 6§04
and 685 in series through the outer ring of dis-
tributor 601, conductor 606 which extends into
Fig. 5 and through contact 523 of key 820 to
ground 924. TUnder these circumstances, the
enciphered message wil] be printed by the receiv-

- Ing-only teletypewriter 525 ang will be reper-

tion. The enciphered message is received in the

distant station by a typing reperforator which re-~

perforates and prints the ciphereq message. The

civhered message is impressed on the cipher unit -

which deciphers the message. Then the deciph-
ered message is received on a receiving~-only page

- teletypewriter which prints the deciphered mes-

sage.
The reference numeral 527 in Fig. b represents
a teletypewriter set which comprises g receiving
printer, a keyboard operated type perforator and
a keyboard operated transmitter. A set which
combines these units is disclosed in Patent 1,965,
072 granted July 10, 1934, to C. W. Burcky et al.
The receiving printer ynit which is contemplated
~ In the Burcky et al. patent is disclosed in full de-
tail in Patent 1,904,164, granted April 18, 1933,

to S. Morton et g].

- The reference numera] 525 in Fig. 5 represents

a recelving-only teletypewriter. Such a receiving

teletypewriter is
tioned Patent 1,965,572,

"The reference numeral 2028 in Fig.'5 represents .

a typing reperforator. Such g mechanism is dis-
closed in Patent 2,273,909, granted February 24,

1942, to C. W. Swan. S |
The reference numersl 625 in Fig. 7 representg

a tape transmitter. Such g transmitter is dis-
closed in Patent 2,055,567 granted September 29,
1936 to E. F. Watson. -

The disclosures of the aforementioned patents

disclosed also in the above-men-

o0
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forated by the typing reperforator 90286, This set-
up corresponds generally to the arrangement
shown in PFig. 2 except that a typing reperforator
is connected into the system also so that the
enciphered message will be both printed on the
receiving-only teletypewriter and reperforated by
the typing reperforator. |

While the system is thus arranged, a distant
teletypewriter switching system indicated by rec-
tangle 528 is connected by means of conductors
929 and 520 through loading 531 in such manner
that g calling signal 532 may be operated to sig-
nal an incoming message. Conductor 529 is ex-
tended through resistance 522 and contact 534 of
key 820 through calling signal 532 to eround.

Conductor 53¢ is connected through contact 535

of key 920 to ground.

The keys may be operated in a, manner to pro-
vide the arrangement indicated in Fig, 3. For
this condition, as indicated in Fig, 3 after the
message has been typed and reperforated and
thereafter enciphered, it is transmitted to g dis-
tant station. In order to transmit from the ci-
phering unit to a distant station, keys 512, 516 and
920 in Fig, 5 are actuated. The transmitting gdis-
tributor is then connected through conductor 603,

0 contacts 509 and 510 of key 504, contacts 5326

5

and 937 of key 512, contacts 538 and 539 of key
916, contact 548 of key 520 and resistance 533 to
conductor 529 which extends to the distant sta-
tion. Conductor 606 is extended throuch con-
tact 541 to conductor 530 which extends also

transferred to g =



- 608 (Fig. 6).
‘will be driven at a speed of 1800 revolutions per
~ minute. The motor is connected through a spur

11

to the distant statiomn. In;response'to the ring-

ing of a bell such as 532 gt the distant station,
keys corresponding to Keys 520 and 512 will be

operated at the distant station. This closes & cir-

cuit which corresponds to the circult which ex-
tends through contact 8i8 of key 5208, contact

518 of key 516, selector magnet 517 of the typ-

ing reperforater 528, contact 55 of key 65{6, con-

tacts 537 and 536 of key 5{2, contacts 519 and

509 of key 5064, conductor 602, inner solid con-
~ ducting ring 682 of transmitting distributor 601,

brushes 604 and 605 in series through stop seg-
ment 687 of distributor 60Gl, conductor 606 and
contact 541 of key 528 to conductor 530. DBai-

tery will be supplied from the distant station.

The winding of the selector magnet correspond-
ing to selector magnet 517 inthe typing reperiora-

tor at the distant station will be connected in

)
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enCiph'ering cams 181 to 185, The ratios of gears

630, 631, 638 and 633 are such that shaft 6490

rotates once while shaft 623 rotates 32 times.

Each of the other three sets of enciphering cams

in coupler to shaft 623 in the same oceneral man-

ner as explained for the first set of enciphering

cams. The ratios of the gears which Intercon-

nect the second set of enciphering cams 171 1o

175 to shaft 623 are such that shaiv 644 rotates
once while shaft 623 rotates 1024 times. The

‘ratios of the gears. interconnecting shafts 623 and

- 8&2 are such that shaft 642 which drives the third

series with transmitting distributor 60i. The

enciphering cams &t the distant station will be

set to start in the same positions as used in en-.
ciphering the code. The enciphered message re-

ceived by typing reperforator 5({1 at the distant

station will be pla,cedon.the'tapefsupply reel cor-

responding to reel 701 at the distant station. As

message with the same cam combinations as were

. used in enciphering the original text, the origi-

nal text will be produced on the distributor cor-
responding to distributor 601 at the distant sta-
tion and can, by the operation of the keys ot the
distant station, be impressed on the selector mag-
net corresponding to magnet 813 of the receiv-
ing-only teletypewriter 825 at the distant sta-
tion. | N

Genemldescm”pﬁtm of relationship of
| - major components

At this pomt-a oceneral description of the rela-~

tionship of the major components of the cipher-

ing mechanism per se will be glven.

In the upper left-hand corner is shown a motor
In one embodiment this motor

gear 609 and a cooperating spur gear 610 through

o result of modifying the resulting enciphered
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main clutch 611 to main shaft 612. When the

mechanism of the invention is to be operated sO
as to encipher 75 words per minute, the ratio of

gear 610 to gear 609 will be 47 to 12. Shaft 612
- will, therefore, rotate at approximately 4569.5 rev-

olutions per minute. Securely fastened to shaft
612 are o pair of cooperating heveled gears 613
and 614. The ratio of the beveled gears is 1 to 1.

Gear 614 is connected to shaftl. 616 through brush i

clutch 615. Distributor arm | 91 is rigidly secured
to shaft 616 so that distributor arm 18 i rotates at
the same rate as shaft 612 when the driving and
driven portions of brush clutch 619 are In engage-
ment. The couniing mechanism is driven through

worm 617 which 1s rigidly secured to shaft 612

and with cooperating worm gear 618 through
count wheel clutch 619. The ratio of the worm

gear and the worm is such that the count wheel

shaft 626 rotates once while main shaft 612 rotates
59 times. 'Beveled gear 6271 which is rigidly se-
cured to main shaft 612 and cooperating. beveled
gear 621 which drives the main cam shaft 623 Ior

the enciphering cams have & ratio of 1.to 1. Bev-

eled gear 621 drives the main enciphering shaft
623 through code clutch 622. Rigldly secured 10
shaft 6§23 are four sets of Spur gears.

worm 538 and worm gear 639 which is rigidly se-
cured to- driving shaft 640 for the first set of 5]

_ | Gear 638
is coupled to gear 83f. Gear B31 In turn drives

648 through clutch 6359.

<et of enciphering cams 161 to 765 rotates once
while shaft §23 rotates 31 times. The rauios of
the gears integconnecting shaft 623 and shaft 643
which drives the fourth set of enciphering cams

751 to 755 are such that shaft 843 rotates once

while shaft 623 rotates 961 times. Shaft 640 is
coupled to shaft 844 through enciphering cam set
clutch 648. Shaft €41 is coupled to shaft 649
through clutch 649. Shaft 642 1S coupled to shaft
Shaft 8§43 is coupled to
shaft €47 through cluich 6E1. Bearing sup-

port 852 provides a fixed bearing for each of the

enciphering cam shafts. _

Fach of the enciphering cam- shafts, such as
644 is arranged so that 1t may be oriented with
respect to its respective driving shaft, such as 640,

by means of a clutch member such as 848. The
right-hand end of spring 683 engages the left-

hand side of the lower bearing in bearing support
852. The left-hand end of spring 553 engages
the right-hand end of the driven member ~of

clutch 648. Shaft 644-may be disengaged from its

respective driving membper 6490 by drawing the
<haft to the right by means of dial knob 694
which is rigidly secured to the right-hand end of
shaft 644. Each of the other enciphering gear

shafts is similarly arranged. This mechanism is

used in setting up the enciphering code com-
bination sequence or key as it is called. The set-
ting of each enciphering cam set shaft is ad-

" justable as a unit. The setting of each individual

cam on the shaft is also adjustable. This mech-
anism will be explained in detail below. |
Transmitter shaft 655 is coupled to main shaft
612 through clutch 624. Rigidly secured to the
transmitter shaft 655 are the 5 transmitiing cams
111 to 115 and the tape advance camn T116. The
transmitter cams are driven at the same speed as
that of main shaft 6{2. The transmitting mecha-
nism per se is well known in the art and is shown
in part diagrammatically: Each time shaft 695

rotates, tape advance cam 116 actuates its fol-

lower 117 on bar T!8 moving the bar counter-
clockwise: about its fixed center 719 against the
influence of spring 720. Bar T18 carries at its

~ upper end pawl 121 which engages with ratchet

60

722 rotating shaft 723 which in turn rotates tape

feed wheel 1i0. For each rotation of shaft 655
the tape 724 is advanced longitudinally one step
so as to present a new code combination which is
punched in the tape laterally, to the sensing pins
7105 to T09. '
positions of the raised surfaces on the periph-
eries of the sensing pin cams T{i and Ti2 are In
such relation to the position of the raised sur-
face on the periphery of tape advance cam T10
that the tape 124 is advanced to the next succeed-

ing position after pins. 7105 to 109 have been with-

drawn. ‘Transverse sections of tape 124 are
punched or unpunched in 5 positlons in a manner

to correspond to the code combination for a par-
ticular character or stunt function. The 5 areas

5 are presented to the 5 pins '195 to 769. Where an

As will be explained below, the.
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area Is punched, the corresponding bell crank,
such as 725, is rotated, in a counter-clockwise
direction about its respective fixed center, such as
126, under the influence of its spring 127 and pin
109 secured to the right-hand end of the hori-
zontal arm of the bell crank is admitted through
‘the punched opening. The lower end of the ver-
tical member of the bell crank carries a contact
such as 728 which engages with a cooperating con-
tact such as 729 closing the contact. Where an
unpunched area corresponding to a particular

element in g code combination is presented to its

respective pin, the pin is not admitted and the
associated contact remains open. Each code
combination appearing in each transverse section

of the tape will be sensed simultaneously by pins

185 to 708. The pins will be admitted or with-
held in accordance with the permutation code
combination. The associated contacts will be
closed or open in accordance with the code com-
bination. When the raised surfaces on the Sens-
Ing cams engage their respective followers, the
pins will be withdrawn in unison. Thereafter
the raised surface on the tape advance cam will
engage its follower and the tape will be moved
forward to the next transverse position presenting
- & new combination to the pins.

The enciphering cams

There are four sets of enciphering cams. Each
set comprises 5 cams. Refer to Fig. 20 which
shows two adjacent cams such as 181 and 782 on
shaft 644. Each cam of each set has a driving
member such as 78{a, which is rigidly secured to
its respective cam shaft and an adjustable driven
member such as 1816 which is rotatable with re-

spect to the shaft. The periphery cf the cam

fiange, such as 781g, is cut to correspond to the

patiern of the corresponding cam diagram -per='40

rigs. 14 to 17. | o |
A Tixed position of reference such as 181C is
stamped on the driving member of each cam.
The driving member and the driven member
engage through corresponding serrations on their
respective left and right-hand edeges. The mem-
bers are normally maintained in engagement

2,406,023
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through the compression of a coiled spring such

as 18{d. The number of serrations corresponds
with the number of positions on the particular
cam which are numbered as T8fic. Finger holes
such as 181h are provided to facilitate setting the
cams in the position desired. The driven mem-
ber, such as 781b, may be disengaged from itg
driving member by forcing the driven member to

the right against the influence of its asscciated

50

'I-lf'
LN
"-'t

spring, such as 78{d. Then the driven member )

i1s rotated to the new code position and released
to reengage with the driving member. |

Reference to Figs. 14, 15, 16 and 17 shows the
manner in which the cams are arranged. In Big.
- 14, five cams are shown in the developed condi-
tion. A cross-hatched area on the cam indi-
cates a raised surface in a corresponding POSi-
tion on the periphery of the cam. A blank ares
indicates a depressed surface in the correspond-
ing position on the periphery of the cam.  Where
an area on the periphery of the cam is raised the
cam follower for the respective cam, as indicated
in g, 7, will be depressed.

All of The cams are rotatable each with respect
to the other and with respect to the shaft driving
the particular set of cams. Each cam is arranged
so that the numbers appearing opposite each in-
dicated cam position in Figs. 14 to 17 will appear
opposite the corresponding position on the cor-

(U

76

14
responding cam flange. The numbers indicated
in Figs. 14 to 17 are the setting numbers which
are used to arrange the cams for any given en-
ciphering key geries. |

Attention is called to the fact that each of the
Cams in cam sets No, 1 and No. 2 has thirty-two
positions numbered 0 to 31, whereas, each of the
cams In cam sets Nos. 3 and 4 has thirty-one posi-
tions numbered 0 to 30. Secured to the right-
hand ends of each of the cam shafts 644 to 041
are dials 654 to 657 respectively. Dials 654 and
699 are each calibrated and marked from 0 to 31.
Dials 656 and 657 are each calibrated and marked
from 0 to 30. |

Each cam set is orientable with respect fo its
driving shaft such as §40. The driving and driven
members of the cam set clutches such as clutch
648 are arranged to engage through serrated
edges on the members. The number of serrations
on the members of a particular cam set clutch
corresponds with the number of cam positions on
the particular set as indicated in Figs. 14 to 17.
Each cam set may be drawn to the right by means
of its corresponding dial such as 654 against the

.- Influence of its corresponding spring 653 which

IS compressed between the driven member and
the bearing. The cam set driven shaft such as
644 may be rotated to a new cam set position.
When the dial is released the cam set driving and
driven members may reengage in the new cam
set code position. | | |

Keys obtainable from the cams

The five cams of cam set No. { as shown in
Fig. 14 are arranged so that each of the thirty-
tWo possible combinations in a 5-element 2-COon-
dition code may be obtained from the cams. The
cams in cam set No. 2 are also arranged to pro-
vide each of the thirty-two possible combinations
in g b-element 2-condition code. It is pointed
out, however, that cam No. [ in cam set No. 1
corresponds to cam No. 5§ in cam set No. 2 except
that where g raised surface appears on the pe-

. Iiphery of cam No. | in set No. 1, a depressed sur-

face appears on cam 5 in set No. 2.
cams 2, 3, 4 and 5 in cam set No. | correspond to
cams &, 3, 2 and | respectively in cam set No. 2
except that where a surface is raised in one it is
depressed in the other. Similarly, cams 1, 2, 3,
4 and 5 in cam set No. 3 correspond to cams 5.
4, 3, 2 and I respectively in cam set No. 4 except
that where a surface is raised on one it is de-
pressed on the other. In the case of cam sets 3
and 4 it is not possible to obtain each of the
thirty-two combinations in a 5-element 2-~condi-
tion code in a rotation of either cam set alone as
there are but thirty-one of the thirty-two possible
code combinations on each of these cam sets. -

The number of different settings that can bhe
obtained on cam sets | and ? is 32,768, while the
number obtainable on cam sets 3 and 4 is 31,744,
For any one set, however, there are thirty-two
character combinations on cam sets { and 2 and
31 character combinations on cam sets 3 and 4,

From the description above of the speed of ro-
tation of the various shafts it should be apparent

Similarly.

‘that shaft 644 rotates once for each thirty-two

rotations of shaft 612. In rotatine once, the
five cams comprising set No. 1 will present thirty.
two different code combinations to their respec-
tive followers. Cam shaft 645 rotates once while
main shaft 612 rotates 1024 times. Shaft 645,
therefore, rotates only once while shaft 644 ro-
tates thirty-two times. The code cams mounted
on shaft 645, therefore, will present only one code
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combination. to ‘their

2,406,028

respective fOllow.ers duriﬁg" |

the interval while shaft 644 is rotating through

a. complete revolution and setting up thirty-two |

different combinations of the cam followers as-
sociated with shaft 664. After a single code com-

bination established on the enciphering cams

‘mounted on shaft 645 is matched with each of
the. thirty-two code combinations established by
the cams on shaft 624, the cams on. shaft €45
will be rotated to the nexi position. From this

it should be apparent that each one ol the code

combinations of cam set No. 2 will be matched
successively with each of the thirty-two code com-
binations established by cam set No, |. As & re-

sult of this, it should be apparent that for a par-

ticular setting of each of these two sets of cams
it is possible to obtain 32 times 32 (32 X

w1

i

" lished by cam set No. &.

32) or

1024 different code combinations. Cam sets 3

and 4 are matched in the same manner to pPro-
vide 31 times 31 (831 X 31) or 961 combinations.
The resultant of each set is then matched to-
gether to produce the entire key which will have
1024 times 961 (1024 X 961) or 984,064 combina-

tions in the key before it starts to repeat. - This
icient to encipher

number of combinations is su
text punched in a tape for thirty-six hours of con-

fore, each equipped with a siXth or guxiliary cam.
These. cams are-cam 130 which is rigidly secured
to shaft 640 of cam set No. i and cam 181 which
is rigidly secured to shaft 542 of cam- set No. d.
Auxiliary cam 738 controls the operation of lock-
ing relay 91! in Fig. 8. Locking relay 9¢i in turn
controls the operation of relays 28i to G895 on
which the codes established by enciphering caimns
No, 2 are set up. Similarly, contact 733 associ-
ated with auxiliary cam- 781 controls locking re-

‘lay 912 which in turn controls relays 866 to §10

which respond to the code combinations estab-
Cams 730 and 73! are
arranced go that each controls its asscciated con-
tact so that it is open in but one carl position.
During this open position cf the auxiliary cam

contacts, the code combinaticn of the slower speed

cams will be transferred to relays 201 to 809 and
905 to 919. When contacts 732 and 783 close,
relays 991 to 985 and 906 to §19 will lock and re-
main locked until contacts 732 and 133 agaln

open. During this interval they are not respon-

- sive to the code combinations established by the

tinuocus traffic at seventy-five words per minute.

As each cam set has approximately 32,000 pos-
sible settings, the total number of. combinations
each comprising 984,064 characters that can be
obtained is, therefore, 32,000 or about 0 106,

Gear ratios

As mentioned above the shaft of enciphering
- cam set No. | is geared down from the high speed
" shaft in the ratio of 32 to 1. That is t0 say, €11~
ciphering cam. set No. | makes 1 revolution for 32
revolutions of distributor brush arm 181 of dis-
tributor 881. As a result of this the cams of cain
set No. | will rotate through % of 360 degrees oT
111, degrees, while brush arm (01 rotates through
a,.complete revolution. Fig. 13 shows a part oif
the profile of the enciphering cams of cain set
No. i. One degree on the code cam per Iis. 18,
therefore, represents .011 of a.second of the revo-
tution of brush arm i81. The cam does not start

to rise or fall until .0285 of a second, a little more

than 2 degrees on the cam has elapsed and com-
pletes its rise or fall within 1 degree or .011 of &
second. 'This brings the rise and fall of the-cams
within the time space allotted to the transmitter
change as shown on the time chart per Fig. 21.
The. setting points of the cams and dlals are ar-
ranged so that they are very positive. |

Enciphering cam set No. 3 is geared down in the
ratio of 31 to 1 as mentioned above, but the rise
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and fall of the cams take place at the same time

as the rise and fall for cam set No. |. Since.cam
set No, 2 is geared down from the brush shaft In
the ratio of 1024 to 1 while cam set No. 4 is geared
down in the ratio of 961 to 1, these cam sets ro-
tate at.an extremely low rate of speed. The rase
of speed. is so slow that it cannot be registered
during the transmitter change time. Further it
is registered only once for each revolution of cam

 'sets Nos. | and 8. In order to insure a positive

registration at the proper time the code combina-
tions established by cam sets Nos. 2 and 4, as will

appear ‘in the detailed description below, are

transferred to separate groups of relays each
comprising 5 relays. Cam sets Nos. 2 and 4 are
offset with respect to cam sets Nos, | and 3 so
that they have no tendency to change during the
zero conditions of cam sets Nos. | and 3.

~ Enciphering cam sets Nos. | and 3 are, there-
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slow . speed. cams. and the slow speed c¢ams can
change into-the positions of the succeeding code
combinations without affecting their operation.
The details of the cam cuttings of an auxilary

enciphering cam such as 138 are shown in Fig. 19.

It is pointed out that as & result of the fore- .
ooing described operation the code combinations
established on the slow speed enciphering cam
sets Nos: 2 and 4 will always be established on
their associated sets of relays at the zero posi-
tions of their respective high speed cam sets NOs.
fand3.

| | The distributor

Attention is called to the arrangement of dis-
tributor 691. The distributor face is equipped
with 4 rings. The outer rings 882 and 637 are
interconnected by brush 6§84 and 689 and coop-
erate as a pair. The inner rings 669 and 661
are interconnected by brushes

7 segments, namely, a stop segment, a start seg-

‘ment and 5 segments for the 5 elements of

the 5-element code combination. The stop po-
sition of the brush is 49 degrees in from the
left-hand edge of the stop segment instead
of the usual 30 degrees of standard teletype-
writer transmitting distributors. Ring 602 Iis
a solid continuous conducting ring. Ring 650

is divided into 2 segments, the shorter of the

segments subtends the same angle as does the
stop segment on ring 607. The longer segment
of ring 668 comprises the balance of the ring.

Ring 661 is a solid. continuous conducting ring

which is connected to ground 664. Rings 689 and
661 control certain functions in the circuit In
which it is necessary that the timing be quife ac-
curate and for this reason the functions are con-
trolled by distributor rings rather than by cam-
driven contacts. |

The transmitier -

The operation of transmitier 625 in Pig. T is
so adjusted with respect to the operation of dis-
tributor 601 in Fig. 6 that the withdrawal of the
sensing pins 785 to 189 does not start until brush
arm 101 of the distributor is in engagement with
the left-hand portion of start segment 669,
Sensing pins 705 to 709 are completely withdrawn,
tape 124 is stepped to the next succeeding posi-
tion and the sensing pins 785 to 7139 are again pre-
sented to the tape elements for the succeeding

662 and 663 and
cooperate as a pair. The outer ring comprises
a5
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code combination during an interval of 25 milli-
seconds from the time brush 605 of brush arm
181 engages the left-hand edge of the start seg-
ment. During this period brush arm 101 will
have swept onto segment No. { and will have

veen in engagement therewith for an interval

of 7% milliseconds. |
The count wheel

As mentioned above, the count wheel mecha-

nism is coupled to the high speed shaft through
a reduction of 59 to 1 so that it makes one revo-
tion for each 59 revolutions of the high speed
shaft or one revolution in 7.67 seconds at 75 speed.
The counting cams 666 and 667 are arranged so

My |

10

~ that the cams thereon rise or fall in an interval

of 1 degree,
about the periphery of the cam. Cam 667 has

Count wheel 666 has 9 risers spaced

one riser. KEach wheel controls a single follower

to close a single contact. Cam 666 closes con-
tact 669 nine times in one revolution. Cam 861
closes contact 8§10 once per revolution. Cam 6§68
- controls its follower so as to open and close con-
tact 669 in accordance with the following table:

Degree position count wheel 666
Count wheel 666 ?eﬁl?i%gﬁ Begin | Be | Begin | Be
riser No. number to rise | risen tofall | down
| S Ca 23.4 24. 4 28.4 {  20.4
2 e e 11 60.0 | 61.0 5.0 6o. 0
5 17 g6. 6 97.6 101.6 102. 6
§ o 23 | 133.2 1342 138.2| 139.2
B P 29 169. 8 170. 8 174, & 175. 8
6. . 35 206. 4 207.4 | 211.4 212. 4
T e e 41 | 243.0 | 244.0 ) 248.0 249, 0
< S i « 47 1 279.6 | 280.6 | 984.6 285. 6
.t S 53 alag. 2 317.2 | 321.2 322. 2

Cam 667 controls its follower so a5 to open and
close contact 670 in accordance with the follow-

~Ing table: _ | |
o Degreepﬂsztiﬂn COTL?’L?? wheez 667

Count wheel 667 ?eﬁlfl]i‘lﬁgil ‘Begin | Be | Begin| Be
riser No. number torise | risen | tofall { down
30 el 59 392. 8 3063.8 | 357.8 358. 8

The information in the above tables is based upon
the devotion of 6.1 degrees of the count wheel
shaft to 1 revolution of the high speed shaft with

20
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The clutches

From the foregoing it is apparent that 5 major
clutches are employed in the ciphering system per
se as follows:

(1) The main clutch
(2) The brush clutch

- (3) The count wheel clutch
- (4) The enciphering cam clutch

(8) The transmitter cluteh

Certain additional features of these clutches will
be described at this point.
The main clutch 611 is of g well-known type

} 'which engages anywhere when its associated

magnet 6715 is energized. When magnet 615 is
deenergized cam 676 is forced to the right against
the compression of spring 611 as follower 678
rides up on the raised cam surface. The inner
face of follower 678 engages an abutment 619 on
the driven member of the clutch to stop the

- clutch in a fixed definite position. The relation-
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ship of main clutch 611 and brush clutch §15 is
such. that rotatable brush arm 101 is always
stopped in a fixed definite position on distributor
601, known as the stop position. Brush clutch
613, enciphering cam clutch 622 and transmitter
clutch 624 are so arranged that when their re-
spective magnets are energizeq the clutches will
not engage until the stop position of the brush
is reached. When their magnets are deenergized
the clutches will not disengage until the stop po-
sition of the brush is reached. :
The maximum time required to insure the stop-
ping or starting of a clutch at the brush stop posi-
tion from the application or removal of the po-
tential to or from the clutéh magnet does not ex-
ceed 40 milliseconds. - As explained above, the
count wheel clutch disengages immediately when -
its magnet is energized. 'As soon as the count
wheel is disengaged from the driving membey of
the clutch, spring 668 restores the count wheel to
the zero position. Whenever the count wheel
magnet 612 is deenergized, therefore, the count

- wheel mechanism will reengage the driven mem-

45
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6 degrees’ rotation of the count wheel allocated

to the operation and release of g contact.

The driven portion of the count wheel mecha-
nism is coupled to the driving portion of the
mechanism through clutch 619. The clutch in
turn is under control of count wheel clutch mag-
net €12, When magnet 672 is energized in 2 man-
ner to be described below the clutch is opened

immediately, When the magnet is deenergized

the upper and lower portions of the clutch engage
and count wheel shaft 626 is rotated clockwise
against the tension of spring 668. When the
clutch is disengaged, the count wheel shaft 628
1S restored to its zero position. The time allotted
to the restoring operation is not more than 260

milliseconds. | -
When the clutch is released, however, the

count wheel shaft 626 does not begin to rotate

until the rest position of brush 101 is reached.

The maximum time required upon the removal of

£
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current from the clutch magnet to insure that it

will engage at the end of the brush revolution
does not exceed 50 milliseconds.

75

ber at the zero position of the count wheel.

Auziliary contacts

In addition to the above-described mechanism
associated with the main shaft, a cam 680 is rig-
1dly secured thereto. The cam operates a fol-
lower 681 which closes 2 auxiliary contacts 5§82
and 683 successively. The cam 680 is so arranged
that follower 681 remains in engagement with a
depressed surface of the periphery of cam 680
until the 143-degree of rotation of the main shaft
is reached, when the downward motion of fol-
lower 681 starts. Follower 681 is fully depressed
in the 159-degree rotation position. Follower 8§81

‘starts to rise again at the 332-degree rotation po-

sition and has fully risen by the 351-degree of ro-
tation. | | -

The high speed count cam 684 is also rigidly
secured to the high speed main shaft §12. Cam
684 actuates a follower 685 to open and close a
single high speed count contact 686. Motion of
the follower is such that contacts 685 is open at
the zero position but is fully closed when shaft
612 has rotated to the 18-degree position. The
contact does not start to open until the 261-de-
gree rotation position is reached and is fully
opened at the 277-degree position.

~The cipher unit is also equipped with a tape
lever 140, the function of which is to prevent op-
eration of the mechanism unless a supply of

punched tape is being fed into the tape transmit-
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ter 625.

left-hand end of tape lever 748 which rotates

about a fixed pivot 741 is in a raised position.
When there is not sufficient slack In the tape,

VWhen there is sufficient slack in tape
724, roller 783 is in a lowered position and the

roller 793 is raised rotating lever 740 about pivot

161 and opening tape feed contact 742. "Ihis, as

will be seen below, opens the main clutch to pre-
 vent tearing of the tape. The tape lever mech-
gnism is so arranged that contact 742 will open or

close due to the increase or decrease ol an amount
of tape equal in length fo the noermal distance
between successive code combinations in the tape.

Keys, lamps and switches .

A two-way Key, the code. decode }:ejz ll_ﬂl' in

10
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785. Cam set 2 comprises cams T/ to T75. Both .
sets are in Mg, 7. Relays 831 to 835 register
the resultants of cam sets 3 and 4.  Cams Tbl
to 165 comprise cam set 3. Cams 781 to 193 com-
prise cam set 4. Both sets 3 and 4 also are in
Fig. 7. It is pointed out that the relay apparatus
in Fig. 9 cooperates in performing these functions.
This wil] be described in detail below. The t0-
tal number of code combinations which are es-
tablished on relays 821 to 825 before repetition

is 1024, while the total number of code combi-
nations established on relays 831 to 839 before

 repetition is 961.

Fig. 11, is provided for controlling the ciphering -

" mechanism te function either in encoding or de-

coding a message. When the Key 1s in the posi-

t+ien shown, the mechanism is arranged for en-

ciphering and lamp 1109 is lighted to indicate

this condition. When key & (8¢ is operated to ils
‘alternate position, the mechanism is arranged fcr
‘decoding and lamp 1182 is lighted to indicate this .
- gondition. - S

Yoy 506 in Fig. b is a one-way key which may

' he operated to connect the keyb_(ja'rd- 885 of the

perforator transmitter to the line comprising con-
ductors 528 and 528 for communication pUrposes.
Lamp 542 is lighted over an obvious circuit when
the keyboard is connected to the line and extin-
suished to indicate the alternate condition. |
Fieys §i2 and 56 contrel the connection of the
receiving-only teletypewriter 525 or the reperfo-

rator 526 or both, depending upon the {ype of re-

corded message desired when coding, decoding Or
ceceiving from a line. The lighting of lamps 933

" and 544 indicates that the typewriter, perforator

and the receiving-only teletypewriter respective-
ly, are connected and the extinguishing of the
lamps indicates that they are disconnected. - -

~ Line key 528 is a two-way key for connecting
the enciphering sst 0. the line or arranging it for

local use. Tamp 545 is lighted only when the

- enciphering set-is conne cted to the line.

- &tart key 1861 in Fig, 10 is a one-way key used

for controlling the starting and stopping of the

20

The combined resultants of the code combina-

tions of relays 821 to 825 with relays 831 to 835

nre rogistered on relays 811 to 815. Relays 811

to 815 are known as the code ‘resultant relays.
Relays 811 to 816 are the source of the ultimate -
code series and will have a series of 084,064 code
combinations registered in them before repetition
can take place. A | SR

Relays 801 to 896 in Fig. 8 are the next in the

series. They are actuated by the contacts of the

transmitter pins Tila to 115q. The pins are

< controlled by the code combinations Cf the plain

text message in tape 724 in Fig. 7. Relays 1Hit
to (115 in Fig. 11 are controlled in response to
the combination of the code combinations on code

resultant relays 811 to 815 and the transmitter re- . '-

~ lays 881 to 885. The code combinations which are
‘aetually transmitted over the line connected to

- the 'di’s_tribﬂtmr. 881 in Fig. 6 first appear on relays
“11i1 to 1415, Relays 1011 to {1015 In Fig. 10 the
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output of which is impressed on the distributor
601 are introduced into the series to provide an

overlap so that one charactér may ke transmit-
. ted while the following one is prepared. It 1s

pointed out that there are a large number O0f

contacts on each of relays (i1 to 115, Afterune -

code combination to be transmitted to the line is

“established on relays ({11 to 1115, if these relays

have been operated in such a manner that they
would transmit 2 stunt combination to the line,
the stunt combination is recognized by chain cir-

- cuits, conforming to the particular stunts, eX-

 tending in series through the contacts of relays

enciphering mechanism in conjunction with the

trols the restoration of any mechanism which is -

locked up in the circuit to its normal condition

tape lever described above. Key 18081 also con-

when the key is actuated to the position for stop-

ping the operation of the enciphering mechanism.,

Line use

'The en_cipher_ing mechanism is arranged for use
with either a teletypewriter exchange 100p O with
a, private wire loop or for local use only. It .18

“arranged for attended-only teletypewriter ex-

change operation, It is not arranged for unat-

tended service as such operation is not con’_side'red

desirable in enciphering service.

Detailéd opemtz’oﬁ 0 f't'he_ cz‘_xrcﬂif

Hereinafter follows a complete description of

1114 to 1115, During the interval while the pre-- '

ceding character which has been transfered from
relays (£l to 11§35 to relays {011 to 1015 is being
transmitted, the combination corresponding to the
stunt will be modified before transier to relays
1611 to 1615, - S
The manner in which the overlap feature func-

‘tions is as follows: Attention is called to the fact

that the face of distributor 601 differs in two re-
spects from the face of the conventional distribu-
tor. These differences are: (1) the rest position

- ofthe brush is 49 degrees clockwise from the left-
" hand end of the stop segment instead of the con-

GO

_ventional 30 degrees, and (2) there are two pair
~of rings instead of the usual single pair. ~Aside
from the change in stop position the outer pair of

" rings is arranged in the conventional manner Ior

the detailed operation of the enciphering mech-

As an introduction to the delscriptiori of the

detailed operation of the systems of Figs. 5 to. 13,
applicant first will call attention to the circuit

apparatus in these figures which perform func-
tions analogous to those described in the intro-
ductory schematic per Fig. 1. Relays 821 to 825

- in Fig. 8 register the resultant of enciphering cam

sets | and 2. Cam set | comprises cams 18110

70

the transmission of a 5-element start-stop permu-

‘tation telegraph code. In the case of the add-

ed pair of rings, rings 660 and 661, ring 661 is
a solid continuous conducting ring,. while ring

660 is divided into two seements. One of the seg-

ments, segment 696, a5 explained above, subtends
the same angle as the stop segment on the outer

“ring. ‘The remainder of the ring is devoted to the

75

second segment. The long segment 697 is used
to lock relays 1011 to 1015, When brush 662 1s

‘on segment 697 ground, is supplied to the upper or
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locking windings of relays {8if to (3{5. Seg-
ment 696 is used to operate relays {011 to 1015,

When brush 662 is on segment 885 relays 1011

to i858 are completely unlocked and groungd is

applied through the contacts of relays 11ii to

1115 to transfer the code combination

appearing
on these relaystorelays i1 to {815, o

Let it be assumed that the system is starting
Irom rest. Motor 688 as well as motors (not

shown) of Fig. 5, depending upon the particular
arrangement of the apparatus in Fig. 5, are oper-
~ating. Start key 1841 in Fig. 19 is in the position
indicated, and relay 1817 in Fig. 10 is operated
over g circuit from ground through contacts b

and ¢ of key {884, winding of relay 1617 and re-

sistance 1333 to battery, operating the contacts

of relay 1847 to the positions indicated. Brush

- 181 is in the rest position as shown on distributor
face B81. 'The cams of code sets | to 8 have pre-
vicusly been set to the start of the particular code
combinaticn required. The code resultant will
- be established on relays 81! to 815 in the follow-

ing manner: Relays 9{f and 9{2 are in the con-
ditions indicated. These relays are under con-

trol of relay {07 as well as the sixth cams 738
and 18! associated with cam sets | and 3 in Fig,

6 and the series circuits through the windings of |

relays 811 and 912 are open at each of these

places. A circuit may he traced from ground .

through contact 9f{a which extends through con- 20

ductor 288 in Figs. 9, 8 and 7 to contacts TT{a to
1i5a in parallel where it forms into five parallel
‘branches, Contacts TTla to T15a will be open or

. closed depending upon the particular code com-

bination established by the code cams of code set
2. Where a particular contact is closed the cir-
cult will be extended through the corresponding
conductor of the conductor group 228{ to 285
which extend through Figs. 7, 8 and 8, through
~ the top windings of relays 881 to 805 and resist-
ances 021 to 825 to battery. Where a contact of
the group T7{a to 775a is closed the corresponding
relay in the group §8{ to 985 will be operated.

9,406,025
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their respective a contacts. From the above it
mmay be seen that the code combination estab-
lished by cam set No. 2 is transferred to relays
981 to 905 and continuous paths may be estab-
ished from ground through either the ¢ or b con-~
tacts of relays 981 to 925 through the contacts
of cam set No. | provided the ¢ cam contact is
closed when the ¢ relay contact is closed, or the
b cam contact is closed when the b relay contact
is closed. | |

A circuit may also be traced from ground
through contact 912¢ to conductor 210 which ex-
tends through Figs. 9, 8 and 7 to five parallel
branches at contacts 75ia¢ to 755¢ associated
with cam code set No. 4. The circuits will be ex-
tended through such of the contacts as are closed
to conductors 241 to 2{5 which extend through
Figs. 7, 8 and 9 to the top windings of relays 906
to 819 and resistances 526 to §30 to battery.
Where g circuit is closed the corresponding relay
in the group 886 to 810 will be ocperated and
where the circuit is open the corresponding relay
will be released. Where g, relay is relegsed g cir-
cuit will be established from ground through the
b contact of the relay to conductors 241 to 249
which extend through Figs. 9, 8 and 7 to the b
contacts associated with cams 761 to 768% of code

- cam set No. 3. Where a particular b contact is

40

- Where g contact of the group T7ia to T75¢ is open

the corresponding relay in the group 801 to 985
will be unoperated. Where g relay of the group
- 881 to 888 is unoperated a circuit will be estab-
lished from ground through the b contact of the
assoclated relay which extends through cenduc-
tors 191 to 195 through Figs. 9, 8 and 7 to con-
tacts 1810 to 785D of cam set No. §. If the sur-
face of a particular cam in cam sets 781 to 785 is
raised the corresponding circuit will be extended
through conductors 18f to (85 which extends
through Fig. 7 into Fig. 8 and through the wind-
ings Of relays 821 to 825 and resistances 851 to
855 to battery. In response to this where a cir-
cuit is closed the armature of the corresponding
relay in the group 22! to 825 will be actuated to
the left to engage its gssociated a contact. In
the case of such of the relays of relay group 961
to 885 as are operaved the corresponding b con-
tact will be open and the corresponding g contact
will be closed. Under these circumstances a, cir-
cuit may be traced from ground through the Cor-
responding a contact and the corresponding con-
ductors in the group 1¥i to {75 which extend

‘through Figs. 9, 8 and 7 to contacts 181ia to 185a

~on cam set No. {. Where 5 surface on any of
cams T81 to 183 is depressed the path will be ex-
tended through conductors {8f to 185 over g path
heretofore traced through the windings of relays
821 to 825 energizing corresponding relays.
Under these circumstances the armatures of these
relays will again be operated to the left to close

b0
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closed a circuit will extend to conductors 231 to
255 which continue through Figs. 7 and 8 through.
the windings of relays 831 to 835 and resistances
861 to 865 to battery. Where g circuit is closed
the armature of the corresponding relay in the
group 83( to 835 will be actuated to engage its
assoclated @ contact. In the case of such of the
relays in the group 906 to 910 as are operated
the corresponding a contact will be closed. A cir-
cuit may then be traced from ground through
such of the a contacts of relays 596 to 910 as are
closed to corresponding conductors in the con-
ductor group 221 to 225 which extend through
Figs. 9, 8 and 7 to the a contacts of cams T6i to
765 of cam set No. 3. In the case of such of
these contacts as are closed 2 circuit will be ex-
tended over a path heretofore traced through the
windings of relays 831 to §35 energizing the wind-
ings and closing the corresponding ¢ contacts.
From this it should be apparent that the code
combinations established on cam. code set No. 4
are transferred to relays 906 to 919. If corre-
sponding ¢ or b contacts on both the relays 906
to 910 and code cam set No. 3 are closed the
armatures of relays 831 to 835 will close their
respective a contacts. If corresponding contacts
on relay group 986 to $19 angd their corresponding
cams in code cam group No. 3 are not closed the
armatures of relays 831 to 835 will engage their
respective b contacts. As a result of the fore-
going operations the code combinations estsb-
lished on code cam sets | and 2 have been com-
bined to control relays 82f to 825 and the code
ccmbinations established on code cam sets 3 and
% have been combined to control relays 821 o §35.
The combinations appearing on these two sets of
relays are now to be combined to control the code
resultant relays 811 to 815 and how this is per-
formed will now be explained.

In order to form a continucus path from
ground through particular contacts of relays 821
to 828 and corresponding contacts on relays 831
to 839 to energize the top windings of relays
811 to 815, it is necessary that the armatures

~of a particular pair of relays such as 821 and

831 be both actuated to corresponding positions.
That is to say, if both armatures are actuated
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as shown in the drawings to the left a circuit

may be traced from ground through contacts
~ 83la and 821a in series through the top winding
of relay 8i1 and resistance 8%{ to batiery ener-

' gizing the top winding of relay 811. If the arma-

tures of relays 821 and 831 are both actuated to
the right the circuit will extend from ground

H

through contact 83{b and contact 82ib through

the top winding of relay 811 and resistance 87|
to battery energizing the top winding of relay
8il. If the armature of one relay of a pair,

i)

such as the armature of relay 821, is actuated to. '

the right and the armature of the other relay

of the pair, such as the armature of relay 83,

is actuated to the left, there will be no continu-

ous path through the top winding of relay 811.
Where the top winding of any of relays 881 to

815 is energized, the corresponding armature will

be actuated to
contacst. -

‘The tape is placed in the transmitter and
drawn into position such that the first code com-
bination is sensed by pins 785 to T09 of tape

transmitter 625,  Where pins are admitted
through the tape the corresponding « contact

is closed. In the case of each one of the trans-
mitting cam contacts which is closed & circuit
' may be traced from ground through the cor-
responding @ contact of the group Tila to T15a.

through corresponding -conductors oif the con-
ductor group 25! to 255 which extend through

the left to engage its assoclated ¢

- 24 . -
b and ¢ contacts of key 1001, A circuit may now
be traced from ground 664 in Fig. 6 through ring
661 of distrlbutor 5081, brushes 663 and 662, seg-
ment 68§ and conductor (03 which extends
through Figs. 6 and 10, contact {817c through
the ¢ contacts of relays 1018 to 1021 into Fig. 11
where it is formed into five parallel branches at
the left-hand armatures of relays {1l to 1114
and the left-hand contacts of relay 1124, Atten-
tion is called ‘to the fact that the left-hand con= -
tacts of relay 1124 are connected in series through
their respective armatures to the contacts and

armatures of relay {115. The reason for this will =~
‘be explained below. Where the armatures of re-

Iays 1{il to {1115 and 1124 are operated to close

their left-hand contacts the parallel branches

will be extended through conductors t51 to 1bH
through Fig, 11 into Fig. 10. Conductor {ol ex-

tends through contact i821d through the bottom

winding:: of relay (011 and resistance {023 to
battery. Conductor 152 extends through contact
1918d and the bottom winding of relay 612

through resistance 1025 to battery. Conductor

153 extends through contact 1818d, bottom wind-

(R
o |

ing of relay 1013 and resistance 1027 to battery.
Conductor 154 extends through contact 10204,

 bottom winding of relay 1014, and resistance 10289

~to battery. Conductor 155 extends directly-
" through the bottom winding of relay 1015 and

30

Fie. 7 into Fig. 8 and through the winding of

the corresponding relay of the relay. group 80|
to 885 to battery operating the relays associated
with the closed contact. The code combination
appearing in the tape will be set up on the con-

tacts of relays 801 to 885. Attention is called to
the fact that in the case of relays 802 to 805

more contacts than can be accommodated con-
veniently on one relay are required to form chain
sensing circuits. Conductors 252 to 255 are there-
fore multipled through the windings of relays

842 to 845 and resistance 8982 to 8939 to bat~

tery. The reason for this will become apparent,
below. | | I - -

Refer now to relays 811 and 881. Let it be
assumed that the armature of relay 811 has been
actuated to close its a contact. Further let it
be assumed that contact Tilg 1s open so that
relay 801 is released. Under these circumsiances
o circeuit may be traced from ground through
contact 8ila, contact 881f and conductor 131
which extends through Figs. 8, 12 and 11 through
the windings of relay I 1{1 and resistance 1131 to
battery energizing relay lilil. In the case of
each of the relays of relay group 811 to 815 the ¢
contact of which is closed there will be & closed

circuit extending through a corresponding relay

of the group {1{1 to 1115 provided the transmit-

ter relay in the group 801 to 889 is released.

If the armature of a relay of the group 811 to

815 engages its respective b contact there will be
o closed circuit extending through the winding
of a corresponding

tion is called |
tacts of relay 819, instead of being conhected di-

rectly to the contacts of its corresponding relay

805 of the transmitting relays, is connected in- -

stead first through the contacts of relay 808,
The reason for this will be explained below..
 Start key 1001 in Fig. 10 is now actuated to

its alternate position. Relay [8i7 1s thereupon

released as its operating circuit is broken at the
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7. Provided there 1s su
loop between rollerg 7192 and 704, tape lever con-
-~ tact 142 will be closed and a circuit will extend

5

iy |
|
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‘resistance (031 to battery. The code combina-

tions which have been established on the arma-
tures of relays 1111 to 1115 will. be transferred
to relays 10it to (015, S o -
Simultaneously with the operation of key 1001
to its alternate position the main clutch, the brush

cluteh, the code clutch and the transmitter clutcn

are controlled so as to start the operation of their
associated mechanisms. The manner In which
this is performed will now be described. A cir-

cuit may be traced from ground through contact

(00la to conductor 122 which extends through
Tigs. 10, 11 and 7 to tape lever contact 142 in Fig.
icient tape.in the tape

through conductor 122 into Fig. 6 and through

the winding of main clutch magnet 615 and re- .

sistance 690. to battery, energizing magnet 675
which permits main clutch 611 to engage. A cir-
cuit may also be traced from battery through re-
sistance 691, brush clutch magnet 660 to con-
duector 191 which extends through Figs. 6, 10, 11
and 12 and through contact 1202d, contact 1205¢,
and contact 1221d to ground, permitting brush
clutch 615 to engage. Key 1103 is actuated simul-
taneously with key 1001 establishing a circuit
from ground through contact 1183c, winding of
relay 1117 and resistance 1189 to batiery operat-
ing relay (117. A circuit may also be traced from
battery through resistance 693 and code clutch

magnet 694 to conductor 114 which extends

through Figs. 6, 7, 8, and through contact 1120«,

contact (117D, contact 11161 to conductor 119,

relay in the group 111l to
{115 provided the corresponding transmitter re~
lay of the group 88{ to 805 is operated. Aften--
to the fact that the ¢ and b con- .

75

Conductor (19 continues from Fig. 1l into Fig.

12 through contact (20ie, contact 1203f and con-

tact-1284a to ground, energizing code clutch mag-
net 694 and permitting the code clutch to engage.
A circuit may also be traced from battery through
resistance 400 and the winding of tape trans-

mitter clutch magnet 401 to conductor {19 which

extends through Figs. 6, 10, 11 and 12 to contact
[201e, from which point it has been traced to
eround at contact 1204a. The transmitting
clutch magnet is energized, permitting the trans-
mitting clutch to engage. - | -
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As long as brush 695 remains in engagement
- With stop segment 697 the transmitting circuit
through conductors %93 and 6%€ will remain
closed. When brush arm 0] has moved into
rosition so that brush 605 engages start segment
665 the transmitting circuit will be open to send
the characteristic start signal of the 5-element
start-stop telegraph code. As soon as brush §82
engages segment 683 a circuit will be established
from ground 684 through ring 66{, brushes 663
and 652 and segment 89 to conductor 82 which
extends from Fig. 6 into Fig. 10 where it divides
into five parallel branches at the o contacts of
relays 181l to 1815, Such of these relays as have
been operated will ke locked through their re-
spective @ contacts and corresponding resistances

10

15

~of the group {822, (624, 162871028 and 1930 (¢

battery. | |

In tracing the circuit by means of which the
codes set Up on relays {{i{f to {{i5 were trans-
ferred to relays i8f1 to I0{5 it was shown that

ground for the operation of relays 18{1 to [0i5

was supplied through segment 898 of distributor
681. As soon as brush 882 sweepg off segment 5§96
the energizing circuits by means of which relays

(G881 to 1015 are operated will no longer be avail-

able. This condition will prevail for the major
part of a cycle of operations. Relays 1148 to {115

20

- traverses segment 696

290

are therefore in condition 50 that a new combi-

nation may be established for these relays and
relays 1001 to 1015 will remain unaffected there-
by. Such of relays {811 to (015 as were operated
by the preceding combination will remain locked
- and those of them that were unoperated will re-

main released.
It was shown above that while brush arm 81

30
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was in the stop position conductors 683 and 656

were interconnected through brushes 604 ang 685.
During the interval while brush 885 is in engage-
ment with segment 665 the transmitting circuit
1s open. Conductor 598 is connected to conductor
{84 which extends into Fig. 10 and connects the
- five parallel branches at the b contacts of relays

iGEi to 1818, In the case of such of these relays

as are operated a circuit will be extended through
the corresponding 9 contact of the relay and con-
ductors 185 to {89 to the five character forming
segments of distributor &8i. As brush 685 en-
gages each of these segimments successively, the

circuii interconnecting transmitting conductors °

606 and 683 will be open or closed depending upon

the condition of contacts §81{b and #215b.
While the code combination corresponding to

the first enciphered character is heing {rans-

mitted the system is free to prepare the succeed-

ing character.
Refer now to Fig. 21 which shows the time chart

for straight coding or deccding. On this charit
the time infervals allotted for the various oper-
ations are indicated. From the chart it is ap-
parent that the transmitter 829 is changed during
the interval while the brush is traversing the
start segment and 2 portion of the first of the five
character forming segments. As soon as brush
662 enfers segment 868 the sensing pins of the
transmitter begin to withdraw. 'They are com-
pletely withdrawn, the tape is stepped forward
and the pins are again presented to the tape
within 30 milliseconds of the start of operatiocns.
The group of relays 834 to 885 associated with the
tape transmitter then take up the new combina.-
tion in the tape. Simultaneously with this action
the code camg change their position causing the
individual code relay groups to take Up new coni-
binations. Then the code resultant relays are
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set. The new combination of code resultant and
tape transmitting relays then set up a new com-
bination on relays {111 to 115 The new combi-
nation is therefore, as is apparent from the chart,
available on relays i1il to i{i5 long before the
brush reaches the stop segment. This interven-
ing time which has been made availahle by the
overlap system of relays §iii to 1115 and relays
1011 to 1015 will be used for functions to be de-
scribed later. S | .
- When the brush 605 reaches the stop segment
607 and opens the circuit through segment 80
relays (@1 to 1815 are unlocked and ground is
applied through segment 8586 to relays 1{1! to
(115 which in turn causes relays 1811 to {815 to
take up the new combination present on relays

111 to 1115, Brush arm (01 wil] not stop again

before the tape runs out and therefore the release
and the resetting of relays 1011 to {815 must
take place during the interval while brush €81
The relays performing
this funection must therefore be relatively fast.
The operations of the enciphering relays, the
transmitter, and the distributor are repeated to

encipher each succeeding code combination ap-

pearing in the tape until the enciphering mech-
anism is stopped. The operation of the system
for deciphering is the same gs qescribed for
ciphering except that the tape punched in ac-
cordance with the received enciphered code is
substituted for the tape punched in accordance
with the message text and code combinations
corresponding to the message text are rroduced
instead of enciphered code combinations,

Time chart for basic coding

Referring to the time per Fig. 21 it will be seen
that the total time of a revolution of brush arm
101 at a speed of operation corresponding to
seventy-five words per minute is 130 milliseconds.

-When brush 881 engages segment §60 an interval

of 30 milliseconds is required to reset the trans-
mitter. Concurrently with this, the code cams
are changed and relays 821 to 825 and 83{ to 225
are reset. Then an interval of 20 milliseconds is

‘allotted for the resetting of relays 881 to 805 and

{11 to 1115. Reference to the chart rer Fig. 21
indicates that by the time brush 885 has reached
the end of the second character forming segment
m transmitting the previous character the new
character is in place on relays l{ii to [{i5.
When brush §62 sweeps off segment 8§60 cnto seg-
ment 696, 7 milliseconds is allotted for resetting
relays I10f{ to 18{5. Ample time is available
therefore to complete the resetting before brush
662 reengages segment §60. -

Plain text transmission

Attention is called to the fact that it is pOssi-
ble to arrange the mechanism herein so that
signal code combinations appearing in the trans-
mitter tape are transmitted without modification
by the enciphering mechanism. It will be ob-
served that code resultant relays 811 to 8§!5 are
each equipped with two windings. These relays
are under control of relay {117, When relay 1141
is released a circuit may be traced from ground
through contact {117a to conductor 143 which
extends from Fig. 11 through Fig. 12 into Fig. 8
where it forms into five parallel branches extend-
ing through the bottom windings of relays 811
to 819 and resistances 881 to 885, respectively, to
battery, energizing the bottom windings and op-
erating the armatures of these relays so as to
engage with their respective ¢ contacts. Under
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this condition ground is connected through the

armature and o contact of each of these Teé-

lays and through corresponding contacts on the
tape transmitter controlled relays 891 to 805 to
control the operation of relays: iiif
From this it should be apparent that the mecha-
nism will not be responsive to the enciphering
code cams because notwithstanding the condi-
tions of these cams the armatures of relays 81§
to 815 will be unafiected. - o
" During the interval while the mechanism is
arranged so that it transmits the code combina.-
tions appearing in the tape without modification
the code cams are arranged so that they cannot
rotate. This is effected by maintaining the code

~ clutch open under control of relay f117. While

relay |17 is released the circuit which extends
through the winding of code clutch magnet 694
and conductor [14 is open at contact (1116, Un-
der this condition the code cams cannot rotate.
When relay 1117 is operated the code clutch is
closed and the code resultant relays 811 to g%
are again under control of coding relays 821 to
825 and 831 to 835 and the system is in condition
for regular coding. Relay 11T is under control
of the operator by means of a special signal to
be explained below. | T

Translation of a stunt combination into tw0 non-
| ‘stunt combinations
As above mentioned, the system -hél,r-einf 1s ar-

ranged to translate any enciphered signal com-
bination, which results in & stunt combination ap-

pearing at random, into two non-stunt combina- -
tions. - This means that if as a result of com- -

- bining the code combinations appearing on code

resultant relays 811 to 815 with the plain text
combinations appearing on relays 801 to 805 a

combination is formed on relays (111 to 1I15
‘which would cause the teletypewriter to per-
form some one of its stunt functions, the stunt
signal combination is changed into two combina-
tions each corresponding to 2 character instead
of a stunt. It is necessary to translate the stunt
combination into two letter combinations as all
signal combinations must be kept within the lim-
its of the twenty-six letters of the alphabet.

“There are six stunt combinations in modern

teletypewriter operation as follows:  Letters,
blank, figures, carriage return, line feed, and
- space. The letter combinations that have been

chosen to represent the stunts are: EL for line
feed, BH for space, EO for carriage return, EK

for letters, EJ for figures, ET for blank.

Because the letter E is used for the first let-
ter of each of these combinations the letter E
must also be considered as a stunt and there-
fore the letters EZ are transmitted instead of the

 letter E where the letter E appears in the nor-

mal text. -~ | |
Attention is called to the fact that the combi-
nation identifying the second letter of each of
the above combinations is the same as the com-
bination for the stunt except that the fifth pulse
is changed, that is to say, where the fifth pulse
of a stunt combination is a marking pulse it will
be changed to a spacing pulse, and vice versa. .
or instance, the combination for line feed 1S
. . —, where minus represents the space
condition and plus represents the marking con-

dition.. The second letter of the combination into.

which the line feed combination is translated, as
shown above, is I.. The code combination for L
is — 4+ — — . It will be observed that the
fifth pulse of the line feed combination has been

to 1it5, -
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changed from a minus to a plus while the other
four elements remain unchanged. The second
letter of each of the other combinations is cor-
respondingly modified. | | |

For instance, D
 8Bpace - — — 4 H —— |
Carriage return. — O 1
Letters - T | _
FiguUres —w—e—-—- 1 - - J
Blank __ o — —_ T 1
B i | 4L

In each of the above combinations the con-
dition of the fifth element for each of the stunts

and for E shown in the left-hand column has

been changed to the opposite condition in form-

ing the substituted letter in the right-hand col-

" In order to translate_ any of the above stunt

combinations and the letter E into its correspond-

ing two-letter combinations a cycle ol operations
extending through three revolutions of brush arm
101 is involved and this will now be described.

Tt has been explained above that the code re-
sultant combinations appearing O relays 8il to
815 are combined with the transmitter tape com-
hinations appearing on relays 881 to 885 and the
enciphered combination first appears on relays
tifl to 1115.. When the combinations appear on
relays {111 to ¢115 the code combinations iden-
tifying the preceding character which has been
established and locked on relays 1811 to 1015 is
being transmitted by distributor 6ei. Attention
was heretofore called to the fact that relays f141

o 1115 are each equipped with a large group of

contacts. These contacts are arranged In such
manner that a number of circuits can be estab-

1ished in series to form a continuous closed path

for each different code combination identifying |
o stunt combination and the combination for the -

letter BE. While the previous enciphered combina-

tion is being transmitted by the distributor &0,

" if g combination which would result in a stunt is

40

established on the contacts of relays {1if to 1119,

the closed circuit through the relay contacts will
operate an auxiliary group of relays in such man-

" ner as to introduce a combination for the letter

-t
o

g |
|
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T which will first be transmitted. Thereafter the
condition of the fifth element of the combination
corresponding to the stunt will be reversed so as

‘to translate the stunt combination into the coni-

bination for the particular letter forming the sec-
ond letter of the two-letter combination as indi-
cated above. As part of this operation, it is nec-
essary to stop the tape transmitier 625 and the
code cams so as to permit the introduction of
the second combination as two combinations are

transmitted instead of the single stunt combina-
tion., R |

- Reference to Fig. 22 shows the relative __times_
of operation of the diflerent mechanisms in-
volved in this cycle of operations. This will now

be described in. detaill.

During the first of the three revolutions of
brush arm 181 of the cycle of operations, the

stunt combination corresponding to the preced-

ing enciphered character is transmitted, the stunt .
code combination appearing on relaysti{1 to 1115
i« recoghized and the code combination for the
letter E is established. | s

Auxiliary contact 682 closes when brush 662 is
on segment 660 and the armatures of relays 1111
to 1115 are in position. A circuit may then . be
traced from ground through contact 682 in Fig.
6 to conductor 118 through Fig. 10 into Fig. 11
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where it continues through contact {1Tc and
contact 1116m to the innermost right-hand ar-
mature of relay {i1¥.
will be determined by the particular combination
which iis.established on relays {11! to {1iB, For
instance, the combination for line feed, as men-
tioned above, is —~ If this combina-

L «iryj——

tion is established on relays (1i{ to (115, relay

{12 will be operated and the cther relays of the
group will.be released. Under these circum-

stances the circuit will extend through contact

ft11le, contact 1112¢, contact 1113b, contact 1114D,
and contact i 115¢ to conductor 138 which extends
from PFig. 11 into Fig. 12 through the winding of
relay 1201 and resistance (216 to battery, operat-
ing start relay 1201, |
-operated in gccordance with the combinations

From this point the path

When relays (1{l to 1115 are

o 30 _
relay 1210 operates it locks under control of re-
lay 207 over a circuit which may be traced from

battery through resistance 1222, contact t2€7b,

)

10

-
1:)

for the letter E, for space, for line feed, for car-

riage return, or for blank, the armatures of these
relays will be operated in such a manner that the
path extending through the relay contacts ter-
minates directly in conductor {38. The paths for
the other combinations will be traced hereinafter.

The operation of start relay 128 establishes
@ .circuit which may be traced from ground

through contact (28(b to conductor {68 which

extends from Fig. 12 into Fig. 11 through fthe
Jeft-hand winding of relay #1124 and resistance
1136 to battery, operating relay 1124, The oper-
ation of relay 1281 also prepares & locking path

which may be traced from battery through re-

sistance 1216, winding of relay 120! and contact
{20fc to contact 12100 which is open at this time
for a short interval until contact 6§83 closes which

‘happens almost instantly after the closure of con-~

tact 682 and the operation of relay 1201. When
-contact 683 closes g circuit may be traced from
-ground through contact §82, contact 883 to con-

ductor 1171 which extends from Fig., 6 through

‘Figs. 10 and 11 info Fig. 12 and through contact

-1204e, . contact 1203y, contact 12817, contact 1218d,
winding of relay 1210, contact {2975, and resist-

ance (222 to battery, opera,ting relay (219, When

relay (210 operates a circuit may be traced from

eround through contact 12108a and contact 12081a

to conductor 162 which extends from Fig, 12

through Fig. 11 into Fig. 10 where it continues

through the bottom winding of relay {82{ and re-

sistance 1041 to battery, operating relay [0821.
The operation of relay 128! also opens the clutch

‘magnets for the tape transmitter and the code

cams. In tracing the path for the energization
of the transmitter clutch magnet 461 it was shown
to extend through contact {281e, The path for
the energization of the code clutch magnet 6§94
extended through the same contact. The opera-
tion of start relay 1201 opened these paths, deen-
ergizing these magnets and stopping the opera-
tion of tape transmitter 825 and the four sets

of enciphering cams. The operation of relay 126¢

also prepares a locking path for relay 207 which

may be traced from ground through contact 1284d

to contact 1287a which is open at this time.
The-operation of relay {218 locks relay 1281 by

closing contact (2i8b. The operation of relay
1210 would operate relay 1241 at this time over

a path from battery, through resistance (224,
contact 12{0e and through the winding of relay
1211 to ground, if it were not for the fact that
the path through the winding of relay {2ii
to.ground is short-circuited by the path through
contact 121ia, contact 12087, contact (2839, con-
tact (284¢, and conductor {17 which extends from
Fig. 12 through Figs. 11, 10 and 6 and auxiliary

confacts 683 ‘and €82 to direct ground. When

o
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winding of relay 1210, contact 12{0c, to conduc-
tor 156 which extends from Fig, 12 through Fig.
11 into Fig. 10 where it extends through contact
10080ia and the start kKey to ground. As explained
above, the reason for stopping the transmitfer
and code shafts at this time is that these shafts
must be prevented from rotating during the next
revolution while the code combination for an
extra letter, the letter E is introduced. The
transmitter and code clutches are arranged to
actually stop the rotation of the transmitter and
code shafts at the .end of their respective revolu-
tions and not when the magnet circuits are ac-
tually opened. The code and transmitter shafts
will continue to rotate until the brush stop po-
sition for this revolution is reached.

When relay 1921, otherwise known as the letter
E relay, is operated, contact {€Zid is opened.
This disconnects the circuit which formerly In-
terconnected contact (1ila and the bottom wind-
ing of relay i8{1., The bottom winding of relay

5 1814, when contact 102{c is closed, is connected

through the chain circuit extending through the
a contacts of relays 1920, 1018 and (948 to con-
ductor 103 which extends through contact
{8{7Tc, through Fig. 10 into Fig. 6 where it con-
nects to segment 696 of transmitter 68!, When
brush arm {61 ig in such position that brushes

- 682 and 662 connect ground 664 to segment 688,

4{)

gill
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eround wil] be applied to this circuit. The oper-
ation of relay 102! by opening contact (021a
disconnects the ground which was formerly con-
nected in parallel to the a contacts of relays
ftil to 115 and §1124. Relays ittt to 1§15 there~
fore lose control momentarily of relays (011 to
18i{5. The auxiliary contact remains closed until
brush 682 engages segment 686. Segment 696
applies ground by way of relay i02f, to operate
relay {0ff. Since ground is disconnected iromi
relays 1411 to 1115, none of the other relays 94
to I8!5 can be operated. The combination for
the letter B which, as noted ahove, is

. . —

)

is established on relays {Gil to 1845, When relay
1021 operates it locks through circuit extending
from segment 686 through conductor (€3, con-
tact 10210, top winding of relay 1021 and resist-
ance 1040 to battery. Relay {24 is also locked
from ground 8§64 through ring 601, brush 663,
hrush 662, segment §36, conductor ms from Tig.
6 into Fig. 10, contact i2i7c, conductor 103, con-
ductor 151, from Fig. 10 into Fig, 11, through con-
tact -1424¢, richt-hand winding of relay 1§24 and
resistance {137 to battery.
When the auxiliary contact 683 opens, the cir-
cuit to ground which short-circuited the path
through the winding of relay {21 to ground Is
cpened and relay 121! operates. When relay
121| operates, it prepares a path from the auxiliarv
contact through contact 21 b which will be used
on suceeding closures of the auxiliary contact.
All that is necessary is that relay 12§11 be op-
erated hefore the auxiliary contact again closes.
If the brush shouid stop the time will not en-
ter the next revolution but will elapse during the
stop time of the brush.
At the end of the first revoluilon, therefore,
the combination corresponding to the previous
enciphered combination has been transmitted and

the combination corresponding to the letter & has

been established ocn relays {01t to 1818 so that it
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may be transmltted durmg the next revolution of
brush arm i0{. It is particularly pointed out
that the combination for the letter E was com-
pletely established before brush 662 engaged seg-
ment 686. . |

Revolution No. 2 -

When brush 862 engages segment 650 the com-
bination for the letter E which had been estab-
lished on relays 1841 to 1915 is locked up on these
relays and the combination is transmitted. At-
tention is called to the fact that the cembination
for the stunt which gppeared on the contacts of
relays L1111 to $115 is still established on the con-
tacts of these relays because the transmitter shaft;
and the code shaft are at rest. When the auxil-
iary contact 682 again closes it will reestablish
the condition for the reenergization of relay 1201

over the path heretofore traced but since relay

1201 is Jocked this will have no effect. The clo-
sure of the second auxiliary contact 583, how-
ever, operates relay 1287. The path for this may
be traced from ground through contacts 682 and

683 to conductor 11T which extends from Fig. 6

through Figs. 10 and 11 into Fig. 12 where it con-
tinues through contact {204e, contact 1283¢, con-
tact 1201f, contact 12§ib, winding of relay (237

10

25

and resistance 1223 to battery. The operation

of relay i207 releases relay 1210 by opening con-
tact 1287b. The release of relay 120 in turn
releases the letter E relay (821 by opening con-
tact (218a. The locking path for relay {1021 was
previously removed when brush 662 moved off
segment §6906.
over the path from ground through contact 1201d,
 contact 1207a, winding of relay {287, and re-

 gistance 223 to battery which was previously
prepared by the operation of relay §281.

30

When relay 1207 operated it locked

39

The

operation of relay 1287 also establishes a closed

path around contact {201le which was opened to
deenergize the code clutch magnet 5§94 and the
transmitter clutch magnet 481, The closed path

40 the cam combinations:

around contact 120le may he traced from con-

ductor {19, through contact {207¢ to contact

1203f from which point the circuit to ground is

completed as heretofore through contact 1204a.
The magnets of the transmitter and code clutches
are thus
cannot rotate until the brush stop position is
reached, as the code and transmitter clutches
are designed to start only at the brush stop posi-
tion as well as to stop only at this position.

-~ Start relay (201 was operated when the stunt
combination appeared on the contacts of relays
fitd to (ii5. Since this combination is still
present on these relays, relay 1201 is held oper-
ated by the stunt combination. Relay {124 is in
- turn held operated by relay 120f. Relay 1211 is
also ma,mtamed operated as relay 1207 is oper-
ated.

With the letter E relay [02{ released and re-
lay 1124 operated the condition is such that when
brush 681 passes to segment 696 unlocking relays
{041 to 1015, relays 1011 to 1015 will again be
‘under the control of relays t1{f to 1118 and 1124,
It will be noted that if the stunt combination reg-
istered in relays fill to 1115 is such that relay
{5 is released, since relay §124 is operated, the
circuit is arranged so that the effect on relay
10(8 is the same as if relay {119 were operated.
Conversely, if relay 1115 is operated the effect on
relay [015 is the same as though relay (11b were
- released. This reversal of eff

tion of relay 1115 is obtained through the inter-
connection of the a and b contacts respectively

energized but their respective shafts

80
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and these relays. With relay uza;, operated the

circuit extending from conductor 183 through
contact 1i28aq is open gt contact 11iba if relay
{115 is operated., If relay 1115 is released the cir-
cuit through the a contacts of relays {24 and 111)
is closed. When, therefore, brush 601 passes to
seement 696 locking relay {124 as before, relays
1011 to (0I5 will register the stunt combination
that is present on relays (il to {115 with the
condition of the fifth element of the combination
reversed causing distributor 661 to send the com-
bination representing the second letter of the
stunt combination on the next revolution. The
stunt letters and the combinations representing

‘them have been listed above.

When auxiliary contact 682 opens at the end
of the revolution, rclay 129! releases, in turn re-
leasing relays 1287 and 121§, Relay HE& will re-
main locked, however, until brush §0{ passes off
segment §596. By this sequence of relay opera-
tions, the clutch circuit iz held continuously
closed. Therefore, at the end of the second rev-
clution the code combination for the letter E
which is the first of the two letiters into which
each stunt is translated has bheen sent and the
combination for the second letter of the stunt
combination has been set up on relays (81§ to
i815 for transmission during the next brush rev-
olution. Attention is called to the fact that the
apparatug is arranged in this condition before
brush 68! reaches segment 6986. |

| Revo-lution N 0. 3

During the third revolution of the brush, the
combination corresponding to the second stunt
letter is transmitted. Since the code and trans-
mitter cluiches are reengaged their respective
shafts rotate. The code resultant relays 811 to
819 are set in accordance with the resultant of
; the tape transmitting
relays 801 to 805 are set in accordance with the
next combination appearing in tape 724. The
combinations on each of these two sets of relays
are combined and set up on relays fift to {115.

,Enciphering now proceeds in the normal man-

ner. If another stunt combination appears im-

mediately the process just described wﬂl be re-
peated.

'Reference to Fig. 22 shows the relative times
of operation of the various apparatus units coop-
erating in stunt letter transmission for each of
the three revolutions of brush arm (81 during
the three revolutions in the cycle of operation.

Introduction of space after five characters

In the general description of the operation of
the circuit above it was explained that the inven-
tion herein is arranged to introduce a space after

~ each five combinations transmitted. This space

60

combination is generated automatically by the
apparatus after each five enciphered combina-

tions are transmitted. The manner in which this

6o

70

ect of the condi-

70

is performed will now be explained. In order to
introdice a space combination after each five
enciphered combinations g mechanism is included
in the invention herein to count the number of
combinations transmitied and identify each fifth
combination. As explained above, a count shaft
628 is geared to the high speed shaft 612 through
a gear reduction arrangement which steps down
the number of rotations so that the count shaft
£28 rotates once for each fifty-nine revolutions of
the high speed shaft 612. Shaft 628 is equipped

with its. own individual count wheel clutch 0619.

Mounted on shaft 26 are two count wheels,




Count wheel §66 controls the introduction of the
Space combination so that a space combination
may be introduced after each five other combi-
nations. Count wheel 667 known as the fifty -
- ninth count wheel identifies the 1fty-ninth com-
bination so that the proper combpinations may be
introduced at this point to adjust the carriage

2,406,023
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also opens the circuits through magnets 694 and
&G0 for the code and transmitter clutches to stop -

- the operation of the mechanizm associated with

4

of the receiving device so that the letter corre-

-sponding to the next combination transmitted will

be typed at the beginning of the next line. This |

requires the transmission of two code combing.-
tions namely the carriage return and line-feed
combinations. - o

- As shaft 626 rotates coil spring 668 is tensioned.
When the count wheel magnet 872 is energized
and separates the driving and driven members

of the count wheel mechanism, shaft 626 is jm- =

mediately restored to its zero position, so that
the counting may proceed from the zero pOosi-
tion on each cycle of operation of the shaft wheel.

Since a space combination is introduced after
each five other combinations are transmitted it is
necessary to introduce a space combination after
- each of the following revolutions of shaft B26:
o, 11, 17, 23, 29, 35, 41, 47 and 53. Count wheel
6€6 identifies each of these positions. Since the
. end-of-line combinations must ee introduced
after the fifty-ninth combination has been trans-
mitted, wheel 67 identifies this position.,

The count wheel shaft 826 moves very slowly :

-as compared with the high speed shaft. Bor this
reason another contact, contact 688, under con-
trol of high speed count cam 884 on the high
- speed shait 6f2 determines the exact position in
a brush arm revolution where the revelution
counting mechanism becomes effeciive. The

times of operation of the various apparatus units

involved in the space and end-of-line counting is
- shown in Fig. 232, The count contact on the count
wheel 666 becomes effective a short time before
the revolution corresponding to the fifth com-
bination is entered. Contact 838 controlled by
the high speed count cam closes every revolution
but only during the revolutions corresponding to
each fifth combination and the fifty-ninth com-
bination does it become effective. Harly in each
fifth count revolution cohtact 689 closes. When
contact 688 closes, a circuit may be traced from
ground through contact {8168 in Fig. 10 to con-

ductor {13 which extends from Fig. 10 into Pig. § :

through contact 686 and contact 669, to con-
ductor (13 which extends from Fig. 6 through
Figs. 10 and 11 into Fig. 12 where it continues
through the winding of relay 1288 and resistance
218 to battery, operating relay (203. The oper-

ation of relay 1283 prepares a circuit which ex-

tends from contact §212b, which is open, throush
contact [283a¢ to conductor 159 which extends
from Fig. 12 through Fig. 11 into Fig. 10 where
it passes through the bottom winding of relay
(918 and resistance 1835 to battery. This cir-
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| instead of the combination

these clutches, while a space combination is in-
treduced. The operation of relay {203 by clos-
ing contact §293d also prepares a locking circuit
for itself which will be effective upon the oper-
ation of relay 1212 and the closure of contact
[212C, | | |

| Revolution No. 1
When auxiliary contact §82 closes ground is

subplied to the circuit trzced above extending

through the winding of relay {2]2 and relay (2142
operates. The operation of relay 1242 by closing
contact 1212b operates space combination relay

-{848 over the circuil traced above.. The closure

of contact 1212c locks relay 1283. When the fifth
count contact 669 opens, relay {202 will remain
locked under control of relay (212, The ener-
gization of code clutch magnet 694 and trans-
mitter clutch magnet 408 will stop their asso-
ciated shafts at the end of the revolution. When
relay 1212 operated, a circuit was established
rem battery through resistance 1227 and con-
tact 12127 which extended through the winding
of relay {213 to ground but the path through the
winding of relay 1213 to ground was shunted at
this time by the path through contact {213q
which extends to direct ground through contact
1203 by conductor {17 and the auxiliary contacts
€83 and 682. When the auxiliary contacts open,
therefore, relay (213 operates. The operation of
relay 818 performs functions corresponding to
those of relay 1921 except that it establishes the
combination for space, namely, e
for E, namely,
- — - —. During this revolution the fifth

- combination of a group of five combinations was

40
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cult will be effective when relay 1212 operates to

[0i8c. The operation of relay
1So prepares s circuit for operating relay

operate relay
4283

{212 when the auxiliary contact closes. This eir-
cuit may be traced from battery through re-

sistance 1225, contact 2080, winding of relay
4242, contact 1242d, contact 12030 to conductor

147 which has been traced through the lower
auxiliary contact 83, which is open at present. -

The operation of relay 1203 by opening contact
12029 opens the operating circuit of relay 1218

which extends through contact 1201 7. The reg-

~son for this will be made apparent later. The
operation of relay (223 by opening contact {2037

transmitted and conditions were established so

- that the fifth combination would be followed hy

a Space combination. The opening of contact
[9i18a disconnects the ground supplied through

- segment €928, conductor 102 and the contacts of '

relays {111 to 115 from the windings of relays
1841 to {045, The closing of contact 1818C con-
nects this ground through this contact and the
bottom winding of relay (812 and resistance
1027 to battery. Relay 1913 controls the third
element of the b-element code combination. The
third element will, therefore, be plus and each of
the other elements will be minus in conformity
with the code combination for a space. |

- Revolution No. 2

When relays {011 to (015 are unlocked, the
combination for the space will be set up on these
relays. Brush grm 161 will continue to rotate.
The combination for a space will be locked on
relays {8if to 1818 and it will be transmitted
while the tape transmitter and code shafts are
held up and the succeeding enciphered code com-
bination remains established on relays ifli to

115,

When the second auxiliary contact 683 closes,
relay {208 operates through contact (213b. The

- operation of relay 1208 closes the circuits through

the magnets of the tape transmitter clutch and

~the code clutch so that their associated shafts

will start to rotate at the end of the revolution.
‘This functicn is performed by the closure of con-
tact 1208e which shunts contact {2937, the open-

- Ing of which stopped the rotation of these shafts.

The object of closing the circuits of the code and
tape transmitter magnets by the operation of re-
lay 1208 is to insure ample time for energizing the.
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clutch magnets.
opening. contact
in turn releases relay 1243
 release of relay 1203 also releases relays 1288 and
1213 and all of these relays are in the normal con-
dition. The sixth character combination is Now
available to be transferred to relays 1011 to 1015
when the end of the revolution s reached. The
opening of the auxiliary contact now causes no
action because relay 1203 is released. The release
of relay 1203 preceding
insures the continuity of the clutch circuit.
Consideration must be given in the introduction
of a space sighal combination as to its relation
to the insertion of a stunt letter combination.
This will now be described. | |

A stunt is the sixth c_hamcte'r_ N

Tf o stunt is the sixth of a group oi _character
~ combinations it will be recognized as such dur-

12080 releases relay 1212, Tiis

ing the transmission of the fifth character com-~

bination. That is to say, while the fifth char-

acter combination is being transmitted, the com-

bination for the stunt, if it is the sixth combi-

‘nation, will be present on relays ({1l to 11D,

Sinece the fifth count contact will be closed, re-
1ay 1203 will be operated in response to this mech-
anism as described above. Relays 1201 and 124
will be operated in response to the stunt combi-
nation. In the sequence oOf operations described
above, after relay 1201 operated, firsv relay 210

‘and then relays 1211 and 1207 operated. When

" the count mechanism and the stunt mechanism

The operatioh'of relay 1208 by

2,406,023

and relay (0f{8. The -

o
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the release of relay 1208
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another position and also prevents relays 1218,

1211 and 1207 from making a further count.

" In the revolution in which the space Is trans-
mitted, relay (018 supersedes relay (021. Relay
(208 operates closing the activating path for re-
lays 1210, (211 and {287 which causes relay 1267
to operate. This in turn releases relays 1212 and

1211 closing the code and tape transmiiter mag-
nets and allowing relays 1021 and 1013 to release.

The stunt letter is, therefore, set up as the sixth
character. Regular coding will now proceed.

Astuntis the fourth c-ha.mcte_r;'_.

If a stunt is the fourth character, there is no
interaction between the stunt mechanism and the
counting mechanism. The code combination fcr
the letter E will be transmitted as the fourth

combination and it will be followed by its associ-

ated code combination for the particular stunt as

the fifth combination. | | T

Introduction of line feed and carriage return after
- the fifty-ninth character

It has been explained above that a line typed
by a teletypewriter recelver connected to the en-

ciphering “transmitter herein will consist of 10

five-letter groups, each separated by a space.

 Fifty-nine code combinations are transmitted in

function simultaneously, however, when relay 1283

operates, relay 1210 is prevented from operating
due to the fact that contact 1203g 1s open and

the operating path for relay {210 when traced

above was shown to extend through this contact.
| At the end of the first revolution, relay {201
will release and when brush 662 passes onto seg-
“ment 660 in the second revolution, relay 1124
will release. | -

Revolution No.2

- -'When the 'a,uxiliary contact closes; relays 1281

and {124 will again operate. After relay 1203
operated, relays (212, 1213 and 1208 operated
in a manner which should be understood from the
foregoing. Since relay 1208 is operated, contact
{203¢ is short-circuited through contact 1208¢c
and relay 1218 can now operate. The operation
of relay 1201 further opened the count and trans-
‘mitter clutches so that they remained open at
the end of the revolution. When the auxiliary
contact opens, relay 1211 will operate. The code

‘combination for the letter E is now set up and

will be sent as the sixth character combination,
The second revolution of the introduction of the

space becomes the first revolution of the stunt

letter insertion. The succeeding revolutions will
continue as previously described. |

A stunt is the fifth character

Consideration must now be given to the con-
dition wherein a stunt is the fifth character.
This means that when the fifth character is being

40
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such an arrangement. Then the limit of practi-
cal line length is reached. After fifty-nine com-

‘binations have been transmitted - in accordance

with the invention herein, it is necessary to in-
troduce a line feed combination and carriage re-
turn combination in the coded message. To make
neat copy, the teletypewriter receiver connected
to the transmitter herein is arranged so that the
line feed inserts a double space between lines.
When transmitted over commercial lines encl-
phered messages are always double spaced. Cer-
tain teletypewriter receivers well known in the
art are so arranged that in response to a single
code combination they make the double line space
adjustment so that it is not necessary to trans-
mit two separate combinations. It is contem-
plated that such a teletypewriter receiver will co-
operate with the enciphering code transmitter
herein. | o

On the fifty-ninth revolution, contact 610 will |

close and a line feed and carriage return combi-
nation will be inserted in the following manner.

Reference to Fig. 24 shows the relationship of the
times of operation of the varicus apparatus uhits
involved in this operation. Contact 616, the fifty-
ninth count contact, closes a short time before
the revolution representing the fifty-ninth char-
acter combination is entered. Contact 686 con-
trolled by the high speed count cam B84 as eX-
plained above closes during every revolution.

| iny when contact 679 is also closed, however, is
it effective to operate the line feed and carriage

return mechanism.  When both of these confacts
are closed, a circuit may be traced from ground

through contact 1018b, conductor 113, contact

6

sensed on relays (i1l to 1115 the code combi- -

‘nation for the letter E of the stunt is being trans-
mitted as relay (203 is being operated. TIn the
stunt cycle, relays {281, {124, (210, 1021 and {211

have been operated and the tape transmitter and

code shafts have been stopped. In the fifth char-
acter revolution, relay 1203 operates which opens
the circuits through the cluteh magnets as yet

686 and contact 670 to conductor 1i{ which ex-
tends from Fig. 6 through Figs. 10 and 11 into
Fig. 12 where it continues through the winding
of relay {2084 and resistance 1219 to battery oper-
ating relay 1204. When relay 1204 operates it
prepares o path for the operation of line feed

‘combination relay 1019 in Fig. 10 which becomes

effective when relay {212 operates. This path

‘may he traced from battery through resistance
1037 and the bottom winding of relay 1619 to con-
ductor 160 which extends from Fig. 10 through .
PFig. 11 into Fig. 12 where it continues through
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contact {204c to contact 1212 whwh is open.
The operation of relay 1203 also opens the code
and tape transmitter clutches by opening con-
tact 12027 through which the energizing paths

for magnets 694 and 400 were traced. The op-

eration of relay {204 also prepares a path for
the operation of carriage return combination re-
lay 1029.
through resistance 1839, and the bottom winding
of relay 1820 to conductor {6l which extends
from Fig. 10 thrnugh Fig. 11 into Fig. 12 and
continues through contact 12044 to contact i214a
which is open at this time. The operation of

This path may be traced from battery

10

relay (284 by opening contact {284c opens the

‘activating path for relays {210, 1211 and 1207.
"When relay 1212 operates under control of the
auxiliary contact and closes contact 1212¢, relay
1204 will lock through contact (204e.
eration 1284 also closes a path for operating first
relay 1212 and thereafter relays 1213 and 1208.
The path for the operation of relay {212 extends
from ground through auxiliary contacts 682 and
623 to conductor 1i7 which extends from Fig. 6

through PFigs. 10 and 11 into Fig. 12 where it

continues through contact 1204f, contact 1219c,
contact 1212d, winding of relay (212, contact
12080 and resistance 1225 to battery. This path
will not be effective until the auxiliary contacts
close. The operation of relay 1204 also connects

open contact i213¢ through contact 1204g, con-

tact 1244c, winding of relay (214, contact 12090
and resistance 1228 to battery.

- Revolution No. 1

When the auxiliary contact closes, relay {212 :

operates in turn operating the line feed combi-
nation relay 1019. The operation of relay 1212
“locks relay 1204 so that when the fifty-ninth
count contact 810 opens, relay 1204 will remain
locked. As the clutch magnets of the tape trans-
mitter and enciphering code shafts are open, this
mechanism will stop at the end of the revolution.

In much the same manner that the letter E
relay 1021 set up the code combination for the

letter B and the space relay {018 set up the com- -

bination for a space, line feed relay 1619 will set,
up the line feed combination on relays 0f1 to
{015. The opening of contact 1019a disconnects
the ground supplied through conductor 103 from
the contacts of relays (i1l to [1{5.
of contact 10{9¢ will supply ground from con-
ductor 183 to the bottom winding of rélay 1012,
This circuit will be effective when relay 1012 is
unlocked to operate relay {012. The other re-

lays of the group (0it to 1015 will remain in the

released condition. The result will be that the
combination set up on relays 1811 to 1015 will

ba the combination for line feed which 1is, as
The operation of

shown above, ! .
relay 1019 also establishes a circuit from battery
through resistance 1832 in Fig. 10, winding of
relay 1016, through contact
ductor 299 which extends from Fig. 10 through

Fig. 11 into Fig. 12 where it continues through

contact 1289d to ground operating relay 1016.
The closing of contact ,
circuit from battery through resistance 1832,
contact 10164, and through conductor 112 which

extends from Fig. 10 into Fig. 6 and through the
winding of the count wheel restore magnet 612

and resistance 692 to battery, energizing magnet
672 The driven member of the count wheel

mechanism disengages from its driving member,
then tension spring §68 becomes effective to re-
store the count wheel mechanism to its Zero po-

The op-~

The closure -

(0% to con-

{016a establishes a

15

time.
restoration of the count wheel.

38
sition.. The count wheel mechanism is not per-
mitted to reengage for operation until a later
Considerable time is available for the
The opening of
contact 1016b disconnects ground from the cir-
cuit which extends through contact 686 of the
high speed count wheel to the fifty-ninth count

contact 670 and the fifth count contact 669 in

parallel., This prevents these circuits from being

effective while the count wheel mechanism is
- being restored.

At the end of the revolution relays 1213 and
{214 operate in 2 manner which should be under-
stocd from the foregoing description of corre-
sponding relays 211 and 1212. The operation of
relay 1214 by closing contact 1214b locks relay
1204. During this revolution the f{ifty-ninth
character is sent and the line feed is set up.

Revolution No. 2

00

25 a3
1212 in turn releases relay (0189,

1 0_

fore the end of the

During the second revelution in this cycle, the
combination for the line feed is transmitted while
the tape transmitter and code shafts are held up.
When the auxiliary contact closes relay 1208 op-
erates, releasing relay 1212, The release of relay
_ Relay {020 is
now operated over a path which extends from
hattery through resistance (839, bottom winding
of relay (820 to conductor {6f which extends

from Fig. 10 through Fig. 11 into Fig. 12 where it
continues through contact 12047k, contact (214a,

and contact 1212a to ground. The operation of

relay 1020 will continue to hold the count wheel

restore magnet energized, by extending the cir-
cuit from conductor 112 and contact (016a
through contact 1828e to conductor 290 which
extends through contact 12094 to ground. There

may he a slight tendency to release the count

wheel restore magnet 672 during the transfer
from contact 10{8e to contact 1028e, but as the
count wheel restore clutch cannot reengage be-
revolution, the count wheel
restore magnet will be reenergized hefore that

point is reached. Relay {020 is the carriage re-

turn combination relay. It corresponds in its
functions to the space combination relay {018,

. the line feed combhination relay 819 and the lat-

H0)

. |
'l

(0

(>

i

‘operates. |
rointed cut that the counting relay mechanism

the 3-revolution type.

ter B combination relay {821{. By opening con-
tact 18208¢ it disconnects ground supplied through
conductor 183 from the contacts of relays {1{1 to
1#!5. By closing contact 10828c it energizes the
bottom winding of relay (014. Since ground is
disconnected from. the energizing paths of the
other relays of the group {181 to 1215, relay 014

will be the only one of this relay group which

will be energized. The resulting combination will
be | which is the combination for
carriage return as shown above. Af the end of
the revelution relay 1208 and relay {213 will re-
iease and relay {215 will operate.

During this revolution the combination for the
line feed was transmitted and the combination
for carriage return was established.

Revolution No. 3

During this revolution the carriage return com-

‘hination is transmitted. The tape transmitier
‘and ccde clutch magnets are closed and the count

wheel is reengaged. The sixtieth character is
set up, o |
When the gsuxiliary contact closes relay (208

This in turn releases relay 1214, It is

associated with the fifty-ninth count circuit is of
‘When relay (214 releases
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relays 1020 and 1204 are released. The operation
of relay 1209 closed the clutch magnets by short-
circuiting ‘open- contact [204a through contact
12087 which reestablished the path to ground.
"When relay 1204 releases, relays (209 and 1215
alsorelease. When carriage return relay {020 re-
leased the circuit of the count wheel restore mag-
net 672 opens and the count wheel mechanism
~reengages at the end of a revolution.

Revolutwn No. 4

- During the fourth revolution the combmatmn

_for the sixtieth character is sent and the coding

operation continues normally. The sixtieth char-
acter is the first character printed on the suc--

-ceedmg line, .
A stunt is the szmtzetk character

If a stunt is the sixtieth character it will be rec-
- ognized as such during the transmission of the
fifty-ninth character. - Relays 1201 and 1{24 will
operate and release in the manner described

above, but their operation and release will be in-
as relay 1204, which is operated, cuts off

121 and 1207 and prevents. their
the

effective as

relays 1210,

operation. - During the second revolution

- same sequence of operation will occur as re]ay
| 1204 is stﬂl operated - - -

| _ Revolutaon No. 3 | _
| During. the third revolution relays (20f and

1124 again operate but now relay 1209 operates
and recloses the path for the operation of relays

1210, 1211 and 1207. As a result of this relay
{210 operates in turn operating relay 1021. This
‘sets up the combination for the letter E on relays
1011 to 1815, The tape transmitter and code
“clutch magnets are maintained open. From this
point forward the stunt letter insertion takes its
regular course, the combination for the letter I
being sent as the sixtieth character.

A stunt is the fifty-ninth chamdter

If a stunt combmatwn is the fifty-ninth com-
bination, the combination for the letter E will be
in the course of transmission as the-stunt com-

2,408,023
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proper destmatmn If - the coded message . is to

be transmitted by commercial telegraph com- .

~ panies it is of course necessary that the address

10

15

29

30
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‘bination is recognized as the fifty~-ninth charac-

ter. The operation of relay 1204 will prevent
relays 1210, 1211 and 1207 from counting further.
Relay 1021 will remain operated but it will be
superseded by the line feed combination relay
1018 and the carriage return combmatwn relay
£020.

When the revolution in thh relay {029 oper-
ates is reached, relay 1027 will operate releasing
relays 1210 and 1021.
carriage return relay (018 are thereafter released.

‘Relays 1811 to 1015 will take up the stunt letter

combination and regular coding will proceed.
A stunt is the fifty-etghth characier

If a stunt is the
nation there is no interaction between the stunt
relay circuits and the count wheel relay circuits.
The combination for the letter E will be transmit-
ted in the fifty-eighth position, the combination
‘for the particular letter into which the stunt
combination is translated will be transmitted as
the fifty-ninth combination and then the line
feed and carriage return combinations will be in-
tmduced to their normal positions. | -

| Automatzc shﬂft fmm plain text to codle

Line feed relay 1019 and

fifty-eighth character combi-

of)

] |
il

Ao

be in plain text. In some instances it is desirable -
that part of the message be in plain text and that .

part of the message be enciphered. The system of
the invention herein is therefore arranged so that

when it is in the normal condition it sends plain

text. When the mechanism is to be changed so
that the text is enciphered a group of character
combinations will be punched in the tape imme-
diately preceding the portion of the text which is
to be enciphered. In response to this the ap-
paratus of the invention herein will-be adjusted
so that the code combinations in the tape follow-
ing the sequence of control characters will be en-
ciphered. When it is desired to readjust the ap-

~paratus so that it no longer enciphers the com-
binations appearing in the tape, a second sequence

of code combinations different from the first se-
quence which effected the transfer from plain text
combinations to enciphered combinations will be
punched in the tape and in response to this se-
quence of combinations the mechanism of the in-

-vention herein will be readjusted so that it trans-

mits combinations corresponding to the plain text
appearing in the tape. .
In order to adjust the apparatus of the inven-

‘tion herein so that it changes from the transmis-

sion of plain text combinations to enciphered
combinations, three. code combinations in. se-
quence are punched in the tape, viz., the com-
bination for figures, the combination for the letter
S, and the combination for letters. To stop en-
ciphering and readjust the-apparatus to transmit

combinations corresponding to plain text, a se-

quence of three combinations, viz., the combina-
tion for figures, the combination for the letter
H, and the combination for letters are punched
in the tape. The combinations for the letters

S and H have been chosen to perform these func- -

tions because on standard teletypewriters these

characters do not print in the upper case. The

reason for transmitting the combination for let-
ters as the last comblnatwn In each of the se-

quences is to insure that all of the teletypewriters

that may be recording the message will be ad-

justed so as to print in the lower case which they

will do after the reception of this signal. Refer-
ence to the time chart per Fig. 25 shows the rela-

tionship of the times of operation of the various

apparatus units involved in performmg the AN
tomatic shift function. '

When the system is in the normal condltmn it

sends the plain text. It was explained above that
when the system was arranged to encipher the.

text, relay 1117 in Fig. 11 was operated. When
plain text is transmitted, it was explained that
relay 11171 was released. When rela,y 4117 is re-
leased, it was shown that the armatures of the

- code resultant relays 811 to 815 were all actuated

63

In the coding of a message it is often desirable

"that the address and signature be in plain text.
This expedites the directing of the message to ifs

75

to engage their a contacts through the circuit
which was . traced through contact {ilTa to

ground. While the armatures of relays 8il to
815 engage their respective a contacts the opera-

tion of the enciphering relays was ineffective as
the code resultant relays 8il to 815 were all
locked and when locked ground  was supplied

- through each of them to the contacts of the ta,pe
70 ~

transmitter relays 80f to 805..
- With relay 11T released the count wheel I'e-

store magnet 6712 is maintained energized from

ground through - contact 11179, conductor (58,
contact 1016a, relay 1016 being operated, through

the winding of count wheel restore magnet 672
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- angd resistance 692 to batiery. The count wheel

therefore remains at its zero position. Relay

11T when released, since contact {1170 is open,
maintains the path through conductor 14 open
so0 that code clutch magnet 694 is open and the
code cams cannot rotate. Let it be assumed now

that the operator desires to encipher the text.

'The operator therefore perforates the message
tape in sequence with the combinations corre-
sponding to figures, S and letters.

Attention is called to the tape transmlttmg.
relays 881 to 885. These relays are arranged in

a manneyr similar to relavs (il to 1115 in that in.

response to the appearance of certain combina-
- tions in the tape a number of closed series cir-
~.cuits extend through.their relay contacts.
circuits are known in the art as fan circuits.
Particular circuits through the fan on relays 801
to 885 will be continuous when the combinations

for figures, letters, S or H appear in the tape,

that is to say, if any one of these combinations ap-

pear in the tape a continuous chain circuit will

be established through the contacts of relays 861
to 803. The cooperating relay circuit is so ar-
ranged that in order to be effective to change

irom text to enciphered code the combinations

for figures, S and letters must appear in sequence

and to change back from enciphered code to plain
text the code combinations for figures, H and

letters must appear in sequence.

Liet 16 be assumed that the combination for fig-
ures appears in the tape. The combination for
figures as mentioned above is 4+ + -+
responge to this relays 881, 802, 864 a“ld 88¢ will
be operated and relay 803 will be released. When
the auxiliary contact €82 closes a circuit may ke

traced from battery through resistance 1312, Fig.

15, right-hand winding of relay 1301 and contact
!-3;@-‘&'51 to conductor {42 which extends from Fig.
12 into Fig. 12 where it connects to conductor 387
which extends from Fig. 12 into Fig. 8, and con-

dnues through conductor 845c¢, 844c, 843D, 842«
and 8010 to conductor 137 which extends from

Big 8 through Fig. 12 into Fig. 11 where it con-
tinues through contact {{t8a to conductor {8
which extends from Fig. 11 through Fig. 10 into
Fig. € where it continues through contact 682 to
ground, operating relay {1381.
contact 632 establishes a circuit. from- ground
through contacts 632 and 683 to conductor 117

which extends from. Fig. 6 through Fig. 10 into

Fig. 11 where it continues through the top wind-

ing of polar relay {18 and resistance ({21 to

ground, actuating the armature of polar relay
118 to close contact 1118a. With relay {301 op-

erated and the armature of relay 1118 actuated

- 1o engage its a contact, a circuit may be traced
from ground through contact [i18a to conductor
{44 which extends from Fig, 11 through Fig. 12
into Fig. 13 where it continues through contact

i30ia, contact 13870, winding of relay 1387, con-

tact 1385a and resistance 1315 to battery, oper-
ating relay 1387, The operation of relay 1307

closes a locking path for relay (331 which may

ke traced from greund through contact 12074,
contact 13040, left-hand winding of relay (3061
and resistance {31! to battery. When relay 1381

- operates it prepares a path for operating either

‘relay 1383 or relay 1384 should the figures com-
bination be followed by either the combination
for the letter S or the combination for the letter
H, respectively. This preparatory path extends
from battery through resistance {313 and.contact
13G1c to the lower terminal of the windings of
relays 12303 and 1304 in parallel. 'This prepara-

‘T'hese-

The closing of
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| tmn of the paths for relays 1303 and 1354 WhJCh

respond to the code combinations for the letters
S and H, respectively, is necessary because the
letters S and H appear in the ordinary text of the
message. Unless the combination corresponding
to figures precedes each of these combinations,
their appearance will be ineffective to control
the automatic enciphering mechanism so as to -

- clhiange it from plam text to enciphered text, or

10

20

Vice vVersa.

It is pointed out that the combination for fig-
ures also appears in the ordinary text. When
the combination for figures appears during the
revolution in which the combination appears re-

lay 1301 will opelate relay i1 8 w1l1 operate re-

1ev01ut10r1 relay 5393 Would operate The oper-
ation of these relays would not be effective to
control the change from text to enciphered code,
Or vice versa. XHowever, if no combination for
the letter H or the letter S appeared following

- the combination for figures, relay {305 would op-

T
|

a0
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erate, releasing relay 1307. At the end of the
revolution relay 3040 would release and thereafter
relays 1388 and 1381 would release. This would
in eifect wipe out the operation of the relay mech-
anisra which had responded to the appearance
of the figures combination. -

Going back to the first registering of the fig-
ures combpination, relay 1381 and relay (397 are
operated. At the end of the revolution relay 1368
will operate in a manner which should be under-
stood from the foregoing. The operation of re-
lay 1368 provides an additional locking path to
ground through contact 1368d for relay {1301.
In addition to this the operation of relay 308
completes. a path which may be traced from bat-
tery through resistance (321 and contact 1888a
where it connects to conductor {81 which extends
from Fig. 13 through Fig, 12 into Fig. 11 where it
continues through the middle winding of relay

1118 to conductor 142 which extends from Fig, 11

into Fig. 12 where it connects to conductor 307
which extends into Fig. 8 through contacts 845¢,
844c, 843D, 842a and 801a to. conductor 137, which

- extends from Fig. 8 through Fig. 12 into Flg 11

where it extends through contact 1116g to con-
ductor 118 which extends from Fig. 11 through

- Fig, 10 into Fig. 6 and through contact 682 to

50

ground. Atiention is.called to the fact that this
circuit. extends through the combination which is

- established in response to the appearance of the

R

60

- figures. character on relays 851 to 805.

The cir-
cuit was also traced through.the middle winding
of relay 1118. The effect of the current flowing

In the middle winding of relay (118 opposes the

effect. of the current fiowing 1n the top winding of
relay (£18.

The reason. for this circuit connection is to al-
low of two or more figures signals preceding the
signal for H or S as cperators at timeg transmit

- Inore than onhe figures signal when a figures shift

1s desired. I another figures signal should ap-
pear in the next revolution the middle winding
of relay 118 will be energized more powerfully
and its effect will be in the opposite direction to
the effect in the upper winding. Further, it will
be energized first and that is the reason for the

- double contacts on the auxiliary cam. The ener-

70

75

gization of the middle winding of relay 1118 pre-
vents relay 1118 from operating and thus pre-
vents the count from going forward.

If, however, in the second revolution the com-
bination for the letter S appears, the middle
winding of relay [118 will not be energized and
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felay 1118 will function normally. At such times

if the tape transmitting relays are operated in ac-

cordance with the combination for the letter S
= — 4 — g circuit may be traced from battery
through resistance 1313, contact 1301c and the
winding of relay 1303 to conductor {40 which ex~
tends from Fig. 13 into Fig. 12 where it connects
to conductor 208 which extends from Fig. 12 into
Fig. 8 through contact 845d, contact 844d, contact
843c, contact 842b and contact 80ib to conductor

{37 which extends from Fig. 8 through Fig. 12

into Fig. 11 through contact 1{1%a to conductor
18 which extends from Fig. 11 through Fig, 10
. into Fig. 6 and through contact 682 to ground.

With contact |118¢ closed a ¢ircuit may.be traced

from ground through contact 1{18a to conductor

144 which extends from Fig. 11 through Fig. 12

into Fig. 13 where it continues through contact
i301a, contact 1308c, winding of relay 1309 and
resistance 1316 to battery, operating relay (389,
Thej operation of relay 1305 in turn releases relay
367,

to the appearance of the S combination closes a

The operation of relay 1363 in response

44

Now th&lt the locking circuit has been opened the

 code resultant relays 8ii to 815 will respond to

10

15

20

circuit from ground on through contact i308e,

contact 1303d, contact (308b, winding of relay
1309, contact 1386a, and resistance 1318 to bat-

tery, operating relay 1308. Now relays 1383 and’

1301 are locked up to relays 1308 and 1309. Re-
lay 1383 operated completes one part of the path
for operating relay {117 and it also completes a
part of the path fcr operating relay i382. °‘Ihe
- partially established path for operating relay (1T
" extends through contact 1303¢ to conductor 168
which extends from Fig, 13 through Fig. 12 into
Fig. 11 where it continues through the winding
of relay | 117 and resistance 1109 to battery. This
~ path is open at contact 1302¢. The partially es-

30

tablished path for operating relay #1382 extends )

through contact 1383a to conductor 149.

At the end of this revolution when relay (1:8
 releases, relay 1385 will release in turn releasing
relay 1388 and permitting relay 1349 to operate.
Relays 1303 and 1301 are locked to relays 1389

and 1310. : N |
- In the third revolution the combination for let~
ters 4+ -+ -+ - -+ appears. In response to this

- the letters combination relay 12392 operates. The

path may be traced from battery through resist-

40
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ance §13i4, winding of relay (302 and contacy '

1393¢ to conductor 145 which extends irom Fig.
13 into Fig. 12 where it connects to conductor 336
which extends from Fig. 12 into Pig. 8 through
contacts 845b, 844D, 843a, 842a and 881D to con-
ductor 137 from which point the circuit has been
traced to ground on the auxiliary contact. On
this revolution the closing of contact i118a oper-
ates relay 1387. At the end of this revclution
when relay 1118 releases, relay {308 operates, in
tiirn operating relay 1366 and releasing relay 1309,
"~ The fourth revolution is now entered and when

the auxiliary contact closes relay (306 operates
releasing relay 1301. | |
the first time after relay 1302 has operated that
relay 1385 is operated. A circuit is now. estab-
lished to operate relay {1{7 from ground through
contact 1385¢, contact 1392¢ and contact 1303¢C
to conductor 166 which has been traced through
the winding of relay i 111. The operation of relay

50
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letter H, — - -

‘the enciphering cams. - The operation of relay
{7 also releases the count wheel clutch 612 by
opening contact 11iTg. The operation of relay
(117 also operates the code clutch by closing con-
tact 1117b. At the end of the revolution these

clutches will engage and enciphering will start
in the fifth revolution.. =~
‘Tet it now be assumed that the sequence of
combinations corresponding to PFigures, H and
Letters appears in the tape which is to operate
the mechanism of the invention herein so that 1t
no longer enciphers the text combinations. The

operation of the circuit is essentially the same as

described above and the differences only ‘will be ™

explained. In response to the combination for the

established through particular relay contacts of

the tape transmitting relays 801 to 835 to operate

relay 1304 which is the H combination relay in-

stead of relay (308 which 1s the S combination

relay. This circuit may be traced from battery
through resistance {3(3, contact 1313c and the
winding of relay 1384 to conductor 139 which ex-
tends from PFig: 13 into Fig. 12 where it connects
to conductor 381 which extends from Fig. 12 into
Fig. 8 through contact 885a, contact 884a, contact

803a, contact 882a, and contact 89{a to conductor

{31 which extends as has been shown to ground
on the auxiliary contacts. N |
During the fourth revolution in the sequence

for Figures, H. Letters, relay 1305 will operate and
establish & circuit from ground through contact

1305c, contact 1382¢c and contact 1304c to con-
ductor i67 which extends from Fig. 13 through
Fig. 12 into Fig. 11 where it continues through the
winding of relay 1120 and resistance {141 to bat-
tery, operating relay {§20. When contact {1202
is opened the code clutch magnet is opened.
When contact i128b is opened, enciphering con-

trol relay 1117 is opened. At the end of this revo-
lution when relay (118 releases, relays 1305, 1308,
1306 and 1310 release, releasing relays {304, 1304

or 1393 depending upon which was operated and
{382 and if relay 1120 is operated 1t releases.

When the apparatus of the invention is to be

arranged for enciphering, the train of three sig-
nal combinations for Figures, S, Letters, which

starts the coding is transmitted as plain text com-
binations.  There is no interaction in this case

with stunt combinations, etc. But when the train

of combinations Figures, H, Letiers is transmitted
to terminate enciphering and to start plain text
it - is transmitted as enciphered combinations. -

~ There may, therefore, be interaction with the ap-

60

It will be noted that this is

65

paratus which controls stunt combinations and

‘with the apparatus which controls the introduc-

tion of space, line feed and carriage return com-

binations. The invention herein provides for such

operation. = o

" If in the coding of Figures, H, Letters, stunt
combinations appear on relays iitf to HI19,1it is
necessary that these stunt combinations be trans-

lated into their respective two-letter combina- |

tions and completely transmitted before relay

1120 is permitted to operate and cause the equip-

{117 by opening contact 1117a opens the circuit

which has heretofore been traced through con-
ductor 143 and the bottom windings of code re-
sultant relays 8i1 to 815 in parallel which served
as a locking circuit for these relays by means of
which the code resultant relays 811 to 815 were
made non-responsive to the enciphering cams.

-
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ment to revert to plain test. The circuit performs
this function in the following manner. |
' Relay 1118 is equipped with a third or bottom
winding. If in any one of the steps involved in
coding the Figures, H, Letters combinations, a
stunt combination appears on relays {11l to 1115,
the corresponding chain circuit through the con-

75 tacts of relays (111 to 1115 is extended through

1 g chain circuit will be
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“the bottom winding of relay 1118 to prevent the
closing of contact I[1i8a.

to conductor 118 from Fig. 6 through Fig. 10 into
Fig. 11 where it continues through contact ({17¢,

relay 1117 being closed at such time; to two par-~

allel branches. One branch extends through con-

tact [1i{6m to the right-hand innermost arma-
The second branch. extends

through contact {1{i6d to the right-hand outer-
most armature of relay Hilf.

The circuit extends:
from ground through auxiliary contact 682, which
is the first of the two auxiliary contacts to close,

Depending upon
which of the stunt combinations is established

10

on relays [i1i to 1115, either of these two circuits

will be closed through: one of a number of paths
~through the relay contacts. In the case of the

stunt combinations for the letter E, for space, for

line feed, for carriage return, or for blank all
paths terminate in conductor (28.

1123, bottom winding of relay 1118 and resistance
{122 to battery. In the case of the stunt combi-
nation for Figures, the circuit extends from con-
tact 1116d through corresponding contacts on re-
lays (111 to 1115 and through contact i1 {6g which
“econnects to conductor 138. In the case of the
combination for Letters the circuit extends from
contact {1i6d through corresponding contacts. on
relays (40l to {1156 and through contact (LIG]
also to conductor 138. From conductor 138 the
circuit fellows the path traced above through the
bottom winding of relay ii18. Thus, for any of
these conditions, contact 118a.will be maintained
open. Attention is called to the fact that the
closure of contact 682 before 683 insures that. re-
Iay 118 will not engage its ¢ contact and delays
the subsequent operation of those relays in Fig. 13
which depend upon ground from relay 1118, once
a stunt appears in this sequence.

The stunt coding, however, proceeds.
combination for the letter E is inserted. Af the
end of the revolution in which the combination

From this
conductor the circuit extends through resistance

The
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for the letter E is established relay (211 oper-

ates. Relay 12i1 when operated. short-circuits
the bottom winding of relay [(118. The circuit
may be traced from the left-hand terminal of the
bottom winding of relay {148 through conductor
(68, through contact 12ff{d and conductor {69
to the right-hand terminal of the bottom wind-
ing of relay 1118. The bottom winding of relay
{118 is, therefore, deenergized. As & result of
this: when the auxiliary contact again closes con-
tact 1{i8a wil]l close. Then the circuit may con-
tinue to function in the manner described above
in response to the Figures, H, Letters, sequence of
combinations.
stunt combinations are produced in enciphering
the combinations for Figures, H, Letters, the two-
letter combination for the stunt will be intro-
duced and transmitted.

It is also necessary to pr ovide for the condi-
tion: whereunder during the coding of the se-
quence of combinations for Figures, H, Letiers,
a space, line feed or carriage return combination
- must be introduced in its proper sequence.

To care for this condition, when either the
1283 or 1284 relays are operated to introduce a
space or line feed and carriage return combina-
tions, respectively, a circuit will be established
to hold the armature of relay {118 in engagement
with its contact [(H18b. This circuit may be
traced from ground through contact 1203¢, or
from ground through contact 1204b, in parallel,
through resistance 1248 and then through con-

ductor [(88. from Fig. 12 into Fig. 11 where it

45
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extends. through: the bottom winding of relay
[118 and resistance 1122 to battery. Then in the

‘case of a. space insertion, when the cyele. is ad-.

vanced: to. the point where. relay 1213 operates,
the bofttom winding of relay (118 will: be short-
circuited through the connection of conductors
(68 and (69 through contacts 1213d. and 1203%.
Then as relay 1118 may respond: to. the closings:
of the auxiliary contact.the operation in response
to. the sequence of combinations for Flgures H,
Letters: may continue..

In the case of the line. feed carriage. returm
insertion, the eycle of operations: will be. per~
mitted to advance until relay 1215 operates af

‘which fime the bottom winding of relay 18
- will be short-circuited by the interconnection of

conductors. 168 and 169 at contact {2L5¢ and the
Figures, H, Letters count will continue..

Decoding.

In decoding it is necessary to reverse all of
the processes that take place in the enciphering
operation. |

It is. to be understood that this system is not
designed to decode enciphered messages directly
from the line without first preparing g tape in
accordance. with the enciphered combinations.
The enciphered message may be received directly

on the apparatus of this invention in the form

of a perforated tape. Or a tape perforated in
accordance with the enciphered combination may
be made in another perforating machine and
the tape may thereafter be mounted on. supply
reel 1001 in Fig. T herein and be employed to
reproduce the original text. The message may
be received over commercial telegraph company
lines as a typed enciphered message. In such
case a perforated tape will first be made from
the typed enciphered message and the tape per=
forated in accordance with the enciphered com-
binations will be mounted on supply reel 101 to
control the mechanism of the invention to repro-
duce the original text.

- When the apparatus of the invention herein
was arranged for enciphering, key i{0f was in
the condition shown on Fig. 11. When the appa-
ratus of the invention is to decipher enciphered
combinations, key 01 is actuated to its alter-

nate position. This operates relay (116 over an

obvious circuit. The operation of this relay opens
the energizing path for certain of the encipher-
Ing circuits and’ closes others as necessary for
the enciphering ta deciphering change. It also
adjusts the clutch circuits so that. proper com-
binations of clutches will be operated at the
proper times. These functions will be understood
fromy the following. |
The tape perforated. with the enciphered com-
binations is placed on reel 101 and the first com-
bination is set over the sensing pins 105 to 709
of the tape transmitier. The settings for the code
cams will be established by prearrangement at
the same positions as were used in enciphering
the original text. The enciphered combinations
will be established on relays 801 to 805. The en-
ciphering code resultant will appear on relays 81|
to 815. The two combinations will be combined

and the plain text will appear on relays i

to 1415, This is a simple reversal of the enciph-
ering process. It should be understood from the
introductory explanation above.

De.ciph.ering stunt. signals

The relationship of the times of operation of
the various apparatus units involved in' the de-
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| c1pher1ng of stunt signals is shown on Fig, 26.
It has been explained that each randomly

B ap‘pea'rin‘g stunt combination is translated infto
two combinations. The first combination is al-

‘ways the combination for the letter E. When the

combination for the letter E appears on relays

801 to 805 it indicates that a random stunt com-
bination is to be decoded.  Extending through
the tape transmitter relay contacts is a path
“which is closed when the combination for the
letter E appears.
closed it identifies the combination for the let-
ter B. During the revolution in which the com-

bination for the letter E.is identified, when the

auxiliary contact closes, a circuit is established
to operate relay 1202. The code combination for
the letter E is 4+~ — — — —. The contacts of re-

lays 801 to 805 and their associated relays 842
to 845 will be arranged to establish a continuous

path to identify this combination. The circuit

When this particular path is

10

15

20

may bhe traced from ground through auxiliary

- contact 682, conductor (18, contact 111TC, (con-

~ tact 1i116b) conductor {36, contacts 801D, 842C,

843D, 844E, 845E, conductor 309, winding of relay
1202 and remstance 1217 to battery operating re-
lay 1202.
operates relay 806 over a circuit which ma,y ‘be

20

The operation of relay (202 in turn

‘traced from ground through contact 1202C, con- .
ductor 363, right-hand winding of relay 806 and

resistance 897 to battery operating relay 806

conductor {17, through contact 12982a, contact
12104, winding of relay {210, contact lzﬂ‘ﬁb and
resistance 1222 to battery.

When relay 1282 operates 1£ OIJEIIS the code

cams clutch magnet 634 and the distributor brush

clutch magnet 600. When key 1101 and relay
1116 are operated, brush clutch magnet 691 and
code clutch magnet 694 are connected through

contact 1202d to the same ground circuit. When

- contact 1202d is opened both magnets are deen-
ergized. The circuit may be traced from ground
through contacts 12064, 1205¢, 1262d and con-
ductor L0t to parallel branches. One branch ex-
tends through brush clutch magnet 680 and re-

sistance 681 to battery. The other branch ex-

tends through contacts (1I6%k, (1{Tb and 1120¢
- to conductor (14 which extends through code

30
The operation of relay 1202 also opérates relay

1210 over a circuit which may be traced from.
~ ground through second auxiliary contact 683,

39

40
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clutch magnet 694 and resistance 683 to battery.

At the end of the revolution the distributor brush
101 and the code cams will stop. The operation

of relay 1210 Iocks relay 1202 through contacts |

121080 and 1292b. |

At the end of th1s revolutmn relay 1201 oper-
ates as heretofore described. The operation of
relay 1211 locks relay 806 from ground through
contact 121ic¢c, conductor 304, contact 806a, left-

“hand Wlndmg of relay 806 and resistance 896 to
-battery

In the second revolutmn

for the letter E is discarded. Then the combina-

~ tion for the second letter into which the stunt

has been translated appears and is established on
the tape transmitter relays. It will be recalled
tha,t the combination for the second letter is the
same as the combination for the particular stunt
which appeared at random in the tape except that
its fifth element has been reversed. This com-
bination for the second letter must now be trans-

dui‘ing “which . o'nlsr -
| the tape transmitter is moving, the combination.

55 -
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‘releasing relay 1210.
the brush 681 passes 1:0 segment BGI m the next
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this mutilated stunt combination appears on the
tape transmitter relays with relay 886 operated,

because relay 806 in effect reverses the contacts
of relay 809, the result is as though relay 805
were in the opposite position. The fifth element

of the code combination will be reversed. The
resultant combination on relays 80! to 806 _wﬂl be
the original random stunt combination. When-
this combination is combined with the original

resultant enciphering combination on relays 811

to 815 by which it was 0r1g1nally modified the
corresponding plain text - eombmatmn Wlll be'
established onrelays 1111 to {15. |

When the auxiliary contact again closses relay
1207 will operate releasing relay {218, When re-
lay 1207 operates the distributor brush cluitch
and enciphering cam clutch magnet circuits will
again be closed as contact £297e short-circuits
open contact 1202d. The clutches will reengage
at the end of the revolution. Relay 1218 released
will - release relay 1202 as contact 1218b opens.
Relay 806 is locked by contact 121lc in order to
hold it operated until the text combmatmn has
been transferred to relays flil to {115 and been
picked up by the ground through segment 696
and the contacts of these relays and the combl-__'
nation has been properly registered. |

The locking circuit for relay 886 ma,y pe traced
from ground 664 through ring 661, brushes 663
and 601, segments 636, conductor (03, contact
i0i7c, conductor 103, conductor (57, conductor
364, contact 886a, Ieft hand wmdmg of relay 806
and resistance 896 to battery.

At the end of this revelution relay 1207 releases
Relay 806 releases when

revolution.

- During the demphermg of a, two-letter stunt
combination, the combination  for the second
stunt letter at times does not immediately follow
the combination for the letter E, This is the case
when a combination for a space or the combina-

tions for line feed and.carriage return are in-

serted between the combination for the letter E
and the combination for the second stunt letier.

In such cases relay 8086 is locked to segment; 696.
The brush arm 1081 is not being rotated while the
combination for the space or the combinations
for line feed. and carriage return are being dis-
carded. Relay 88§ will, therefore, remain locked

‘In position until the second of the letters into

which the stunt combmatwn has been tra,nslated
appea,rs

Supmesswn of a space

The combmatm*l for a space was 1nserted by

'the mechamsm of the invention herein when it

was in. the transmlttmg condition for the sole
purpose of dividing the coded message into five-

letter words. In decoding, therefore, the space
is simply dlscarded in the following manner,
Reference is made to the time chart per Fig, 27

-which shows the relatmnshm of the times of

operatmn of the apparatus involved in the sup-
pression of a space. combination and line feed
and carriage return combinations. - | |

- When g space combln&tlon —— + — — &p-
pears in the tape 724 and is set up on the tape
transmitter relays 801 to 805 and 842 to 845, it
closes g path which may be tra,ced from battery
through resistance 1220 in Fig. 12 and the wind-

ing of relay 1205 to conductor 385 which extends

lated into the corresponding stunt combination

before it is modified by the enciphering cams ito
reproduce the original letter in the text. When

75

into Fig. 8 and through g closed chain circuit
which has been established in response to the
appearance of the stunt of the space combination.




2,406,023

49

This circuit continues through contacts 845a,
844a, 833d, 802c and 82ic to conductor 136 from
which point it extends through a circuit hereto-
fore traced which passes through guxiliary con-
tact 682 to ground. This path will be available
when the auxiliary contact closes.

When contact 1288c¢ opens, brush clutch mag-
net 608 and code clutch magnet 6§84 are deener-
gized stopping their associated mechanisms.  The
closure of contact {2085 operatesrelay (212,  'The

closure of contacts 1284d and {2f2¢ locks relay
{204. When the auxiliary contact 682 opens,

relay 1213 operates.

In the second revolution of thlS cycle when
. contact-682 closes, relay 1288 operates and re-
leases relay i2i2. The operation of relay 1208 by
closing contact 12288a short-circuits contact 1209¢,
the opening of which stopped the distributor
brush and the code cam mechanisms. The re-
lease of relay i212 releases relay 1284, The dis-
tributor and enciphering cam mechanism will,
therefore, start to recperate at the end of this
revelution. At the end of the revelution also re-
lay 1288 will release in turn releasing relay 12143,

What has happened during this revolution is

that the distrbutor brush and the code cams

have been stopped while the transmitter 625 has
progressed. The effect of this is to discard the

first combination and set up the combination for

the next character. Regular deeedlng will there-
after proceed.

SUppression of line feed a,nd carrzage retum
combinations

When the cembmetlen for line feed — -} -
appears in the tape, a circuit will be estabhshed
from battery through resistance 1221 and the
winding of relay 1288 to conductor 382 which

10

19
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extends from Fig. 12 into Fig, 9 where is continues

through contacts 8650, 804D, 803b, 802b and 8dic
to conducter 136 which extends from Fig. 8

40
the system. Provision has been made for the

through Fig. 12 into Fig. 11 where it continues

through contacts (118b and i{{1¢c to conductor

{18 which has been traced through auxiliary

contact 682 to ground when the guxiliary con-
tact is closed. Relay 1206 will operate.
provides g path from ground through the lower
guxiliary contact 683 and conductor {1 through

contact 1208¢, contact 12i5¢, contact 1212d, con-

tact 12080 and resistance 1225 to batiery oper-
ating relay 1212, The operation of relay (206 by
opening contact 1286d stops the operation of the
distributor and code cam mechanisms. The clos-
ing of contacts 12120 and 1206e locks relay 1206.
The locking contact 1212¢ is multipled to the
open contact 1214b. The operation of relay 1221
connects open contact 12i3¢ through contact
12060 to contact 12i{&¢c. At the end of the revolu-
tion, relay 12{3 operates in turn operating relay
214,

During the second revolution the lme feed sig-
nal combination is discarded and the combina-
tion. for cgrriage return appears on the tape
transmitter relays. The combination for carriage
return — — — - — holds relay 1286. The cir-
cuit may be traced from battery through re-
sistance 1221, winding of relay 1206, conductor

302, contacts 8§5¢c, 804c, 883c, 802c¢ and 80ic from

which conductor it has heertofore been traced to
ground through auxiliary contact 682. In re-
sponse to the combination for carriage return re-
lay 1286 will be held operated but the carriage
return cembmetlen is locked from relays I2l2
and 1214, | |

The closure of the aumhary contact operates-

This
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relay 1208 and releases relay 1212, At the end

of this second revolution relay {2088 releases re-
-leasmg relay 1213 which causes relay {215 to

‘operate.

In the third revolution when the auxiliary con-

tact closes, relay 1209 operates releasing relay

i214 in consequence releasing relay 1266. Relay

1209 operated, closes contact 1208¢ which sup-

plies ground to the d1str1buter and code cam
clutches short-circuiting open contact 1206d.
The distributor and code cam mechanisms will

start at the end of this revolution.

When the auxiliary contact opens, relay 1209
will release in turn releasing relay {215,

In this revolution the carriage return signal -
combination has been discarded and the com-
bination for the next code has been established.
Regular decoding is thereafter resumed.

- Automatic shift from plain text to code
In deciphering as in enciphering, provision

must be made to care for the condition wherein

part of the message may be In plain text and
part may be enciphered. Therefore, when the
epparatus is in the receiving eendltlen first relay
(117 is in the released condition. It will be re-
called that relay {117 was in the released condi-
tion when the system was arranged for trans-
mitting and plain text was being set up. When

the combination for figures, S, letters appeared,

the system was arranged for enciphering and
when the sequence of combinations for figures,
H, letters appeared, the system was arranged for
the plain text to follow. When the system is ar-

ranged for receiving, it operates in the same man-

ner for the change to and from plain text except
that in receiving, the plain text appears on re-

Jays (11t to 1115 instead of on the tape trans-

mitter relays 801 to 885. Therefore, the fans on
relays (111 to 1115 will be employed in adjusting

condition wherein the sequence of combinations
for figures, H, letters, which is in code, may have
stunt cembmatlens to represent these charac-
ters. Also there may be a space combination or
line feed and carriage return combinations in-
troduced between the combinations of the se-
quence, The circuit is, therefore, arranged so
that when a combination for the letter E, space,
line-feed, or carriage return is present in the
transmitter fan relays, relay {118 will ke pre-
vented from operating which will resulf in hold-
ing up the figures, H, letters cycle during the rev-
olutions in which the former combinations ap-
pear. The revolution count will, therefore, be ef-
fective in controlling its associated group of re-

lays in Figs. 12 and 13 only during significant

revolutions.

What is claimed is:

1. In a permutation code teletypewriter signal
enciphering system, a permutation code signal
enmphermg transmitter, a teletypewriter re-

ceiver, g single transmission channel only inter-

connectmg said transmitter and said receiver,
means in said transmitter for producing permu-
tation -code teletypewrltel receiver stunt signal
cemblna,tlons at random, means in said trans-
mitter for preventmg the transmission of said
stunt signal combmatwns in a form to operate
said receiver at random, means in said transmlt-
ter for producing other permutation code stunt
mgnal combinations in an ordered sequence and
means in sald transmltter for transmitting said
other stunt SIgnal combmatwns from said trans-
mitter over sald single channel to seld receiver
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80as to control sald recelver 111 2, manner to type
neat copy. .

2. In a permutatlon code teletypewrrter mgnal -

enmphermg system, a mechanism for producmg
trains of permutation code signal combinations
for encmhermg trains. of permutatlon code tele-
typewrlter text signal combinations, a plurality of
- cams. in said mechanism for estabhshmg said en-
mphermg combinations, means for operating sald
cams at a first time so as to produce enciphering

-combinations in synchromsm with said text com-
binations and means for stoppmg the operation
of said: cams at a second {ime for an interval

while a smgle one of said text combmatlons only
is produced, = - ,
3., A permutai 01011 code teletypewnter 51gna,1 en-

_mphermﬂ mechanism, means therein for produc-

ing a sttmt code swnal co-mbmatlon at random at
@ first tlme means in said mechanism for pro-

“ducing a character code combination at random

at a second time, means in said mechanism for
translating said stunt combination into a partic-

ular corresponding character combination, a tele-
typewriter receiver, a single two-wire tra,nsmls-'_

sion. circuilt, only, interconnecting said mecha-
nism and said receiver and means for impressing
all of said character combinations dlrectly on said
receiver through said single circuit. g

4., In a permutation code teletypewrlter s:tgnall

enmphermg transmitier, means for enciphering
message text permutation code signal combina-
tions, means for producing both character and
stunt permutation code signal combinations at
random in response to said enciphering, means

for identifying said stunt combinationg as they
are produced, means for translating said stunt

~combinations into character combinations, means
for establishing all of said character combina-

tions on a telegraph transmitter, and means.for

transmitting all of said character combinations to

‘a teletypewriter receiver over a two-wire circuit

.mterconnectmg S&ld transmltter and cald re-
ceiver.

a. A permutatwn code teletypewrlter sq..gnal en- |

ciphering system, a message text permutation
code teletypewriter signal combination transmit-
ter therein, a permutation code teletypewriter
signal combination enciphering mechanism con-
nected to said text transmitter, means for gener-
ating random trains of permutation code. tele-

typewriter signal combinations in said encipher-

ing mechanism, means interconnecting said text
transmitter and said mechanism for modifying
salid combinations produced in said text trans-
mitter by combining them with said combina-

tions produced in said enciphering mechanism to

produce enciphered permutation code teletype-

writer signal combinations, means in said modi-

fying means for producing enciphered combina-
tions. corresponding to both characters and. re-
ceiving printer stunts at random among said en-
ciphered combinations, a  <cipher {transmitter,
means for transmitting said enciphered combina.-
tions corresponding to . characters from said
cipher transmitter-directly as they appear, with-
- out modification, means for modifying each- of
‘said combinations corresponding to random stunt

combinations by translating said stunt combina-

tions into two character combinations before im-
pressing them on said cipher tra,nsmltter a - .re--

ceiving telebypemlter a single two-—conductor- *
transmission circuit only 1nterconnectmg said re-

celving teletypewrlter and said mpher transrmt-
ter, and means for transm1ttmg all of said char-
acter combmatmns d1rectly from sald CIpher
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transmltter through said smﬂle mrcmt to sald ré-
ceiving teletypewriter, |
6. In a permutation code teletypewnter system,
- a teletypewnter enciphering transmitter, a tele-
b5 typewriter receiver, a single circuit havmg no
more than two conductors interconnecting said
transmitter and said receiver, means in said
transmitter for enciphering permutation code gig-
nal combinations, means in said transmitter for
i0 producing randomly appearing enciphered per-
mutation code signals corresponding to character
combinations and randomly appearing enci-
Phered permutation code signals corresponding to
teleptypewriter receiver stunt combinations and
13 means responsive to the production of said com-
binations for transmitting ordered enciphered
character combinations and ordered enciphered
stunt combinations directly from said transmit-
ter over said single circuit to-said receiver so as to

20 produce a neat printed page of encmhered mes-

sage in said receiver. |
- 7. In a permutation code teletypewrlter signal
‘enciphering system, a teletypewriter signal en-
ciphering transmitter, a teletypewriter signal re-
o5 celver, a single signal transmlssmn channel only -
Interconnecting said transmitter and said re-
‘ceiver, means in said transmitter for randomly
enciphering text code combinations, means in
- -said transmitter responsive to said enciphering

‘30 for producing randomly appearing character code

combinations and randomly appearing receiver
stunt code combinations means in said transmit-
ter for transmitting said randomly appearing

- character code combinations over said circuit as
36 they are produced, without modification, means
in said transmitter for translating said randomly
appearing stunt combinations into non-stunt
combpinations to prevent their transmission at
random over said circuit to said receiver, means

40 in said transmitter for transmitting sald enci-

phered combinations over said circuit directly
from . said transmitter to said receiver in equal.
niumbered groups of combinations, and means in
sald transmitter for introducing a space combina-
43 tlon between successive groups of combinations.
8. In a permutation code teletypewriter signal
enciphering system, a permutation code telegraph
signal enciphering fransmitter, a teletypewriter
receiver, a single transmission channel only inter-

50 connecting said transmitter and said receiver,
means in said transmitter for producing ran-
domly appearing enciphered code sighal combina--
tions including both character forming combing.-
tions and teletypewriter receiver stunt combina-

59 tions, means in said transmitter for translating

each of said stunt combinations normally into
two. successive character forming combinations,
means in said transmitter for introducing a space
cocmbination between successive groups of equal

60 numbers of enciphered combinations, means in

-said transmitter for separating said two character
forming combinations at times by a space com-
bination to maintain a uniform number of char-
“acters in said groups and means for transmitting

65 gaid groups of enciphered combinations over said
single channel from said transmitter dlrectly to
said receiver.

9, In a permutatmn code teletypewmte—r sighal
enciphering system, g teletypewriter signal en-

70 ciphering transmitter, a teletypewriter receiver,

 a single transmission channel only interconnect-

ing sald transmitier and sald receiver, means in
said transmitter for producing randomly occur-
ring permutation code teletypewriter recejiver

75 stunt signal comblnatmns and means in said
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transiitter for translating said combinationg into
different combinations before transmission over
said single channel to said receiver.

10. In a permutation code teletypewriter signal
enciphering system, a teletypewriter signal en-
ciphering transmitter, a teletypewriter receiver,
a single transmission channel only interconnect-
ing said transmitter and said receiver, means in
said transmitter for producing randomly occur-
ring permutation code teletypewriter receiver
stunt signal combinations, means in said trans-
mitter for translating each of said combinations

10

into two other combinations, each of which other :

combinations is other than a stunt combination,
and means for transmitting said translated com-
binations directly from said transmitter over said
single channel to said receiver.

11, In a permutation code teletypewriter signal
enciphering system, a teletypewrifer signal en-
ciphering transmitier, a teletypewriter receiver,
a Single transmission circuit only interconnecting
said transmitter and said receiver, means in said
transmitter for producing randomly occurring
permutation code teletypewriter receiver stunt
signal combinations, means in said transmitter
for translating each of said stunt signal com-
binations into two other permuftation code signal
combinations, each of which other combinations
is other than a stunt signal combination, means
inn said transmitter for introducing a permutation
code space signal combination at times between
said two other combinations, and means for trans-
mitting said two other combinations and said in-

~ troduced space combination over said single ¢ir-

cuit directly from said transmitter to said re-
ceiver.

12, In a permutation code teletypewrlter sighal
enciphering system, a teletypewriter permutation
code signal enciphering transmitter, a teletype-
writer receiver, g single transmission channel only
interconnecting said transmitter and said receiver
‘means in said transmitter for producing ran-
domly occurring permutation code teletypewriter
receiver stunt signal combinations, means in gaid
transmitter for translating one of said stunt sig-
nal combinations into two other permutation
- code signal combinations, each of which other
- combinations is other than a stunt signal com-
bination, meanhs in said transmitter for intro-
ducing & permutation code teletypewriter receiver
carriage return signal combination at times be-
tween sald two cother combinations, and means
in said transmitter for transmitting said two other
- combinations and said carriage return signal com-
bination from said transmitter directly over said
single channel to said receiver.

- 13. In a permutation code teletypewriter sig-

nal enciphering system,. a teletypewriter signal
- enciphering transmitter, meang therein for pro-
ducing randomly occurring permutation code tel-
etypewriter receiver stunt signal combinations,
megns in said transmitter for translating one of
said stunt signal combinations into two other per-
mutation code signal combinations, each of which
other combinations i1s other than a stunt com-
bination, means in said transmitter for introduc-
ing a permutation code teletypewriter receiver line

~ feed signal combination between said two other

combinations, a teletypewriter receiver, a single

transmission channel only interconnecting said

transmitter and said receiver and means for
transmitting said two other combinations and said
line feed combination over sald single channel
from said transmitter to said receiver.

14, In a permutation code teletypewriter signal
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enciphering system, g teletypem 1ter enciphering
signal fransmitter, means in said transmitter for
producing randomly occurring permutation code
teletypewriter receiver stunt signal combinations,
means in said transmitter for translating one of
said signal combinations inte two other permuta-
tion code signal combinations, eéach of which

other signal combinations is other than a stunt
signal combination, means in said transmitter for
introducting & permutation code teletypewriter
receiver carriage-return signal combination and
a teletypewriter receiver line-feed signal combina-
tion between sald two other combinations, a tele-
typewriter receiver, a single transmission chan-
nel interconnecting said transmitter and sajd re- -
ceiver, and means for transmitting said two other
signal combinations, said carriage return signal
combination and said line feed signal combina-

tion from said transmitter directly over said single

channel t6 said receiver.

15, In combination,in a permutatmn code tele-
typewriter signal enmphermg system, means for
producing ranhdomly enciphered permutation
code letter signal combinations, means for pro-
ducing randomly enciphered permutation code
receiving teletypewriter stunt signal combina-
tions, means for translating said stunt signal
combinations into permutation code signal com-
binations for particular letters, and means, re-
sporsive to the appearance of partieular code
combinations in said system, for automatically
adjusting said system for transmitting permuta-
tion code signal combinations corresponding to
plain text or for transmitting enciphered permu-
tation code signal combinations.,

- 16. In a permutation code teletypewtiter signal
enciphering and dec¢iphering system, a permuta-
tion code signal teletypewriter enciphering trans-
mitter, a permutstion code signal teletypewriter
receiving printer; g single signal transmission
channel only interconnecting said transmitter
and sald printer directly, means in said printer for
receiving trains of randomly enciphered permu-
tation code signal combinations over said single
channel from s$aid transmitter, said combinations
including sequences of enciphered permutation
code signal combinations corresponding to both
letter characters and teletypewriter receiving
printer stunts and deciphering means coupled to
sald printer, responsive to said reception, for de-
ciphering said trains into corresponding chai-
acter combinations and teletypewriter receiving
printer stunt combinations.
- 17. In a permutation code teletypewriter sig-

-nal enciphering system, means for translating a

symbol in a text into a permutation code signal
combination, means for generating an encipher-
ing permutation code signal combination, means
ior combining said combinations into an en-
ciphered combination corresponding to a tele-
typewriter receiver stunt combination as dis-
tinguished from a character combination, means
for translating said stunt combination into a
definite combination other than said stunt com-
bination, a transmitting distributor directly con-
nected to said translating means and means for
transferring said definite combination to said dis-
tributor for transmission.

18. An enciphering mechanism for encipher-
ing permutation code teletypewriter signal com-
binations, said combinations including character
combinations and stunt combinations, a single
teletypewriter receiver only, a telegraph chan-
nel hawng two conductors only interconnect-
ing said mechahism and said receiver, means in




‘said mechanism for randcmly enciphering said

character combinations and said stunt combina-
tions, means In said mechanism for producing

character combinations and stunt combinations

at random as a result of said enciphering, means -

in said mechanism for sensing said produced com-
- binations, means in said mechanism for modify-
‘ing said produced; stunt combinations, before

transmission to prevent their reception by said

receiver at random, means in said mechanism
for producing unenciphered stunt signals in an
ordered sequence and means in sald mechanism
for transmitting said enciphered character com-
binations and said modified stunt combinations
together with said unenciphered stunt signals in

|
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receptlcn of said ordered sequence of ccmbma-
tions for printing an enciphered message, corre-
sponding to said message text, in a neat pattern.
- 22.. An enciphering system for enciphering per-
mutation code teletypewriter signal combinations,

corresponding to a message text, said combmau

- tions including character combinations and stunt

10

combinations, said system having & mechamsm_
for combining code signal combinations estab-

lished at random with said character and stunt

~ signal combinations to establish random en-

15

such sequence over sald conductors to said tele-

typewriter receiver as to print a neat enciphered
message on sald receiver, |

19. An enciphering system m accordance Wlth

claim 18 including means for controlling said

- mechanism so as to transmit unenciphered per-
- mutation code combinations in accordance with
plain text at a first time and enciphered com-
binations, modified enciphered stunt combina-

tions and unenc1phered stunt combmatlens at a_

second time.

20. An enciphering system in accordance with

claim 18 including means for controlling said
mechanism so as to transmit plain text permuta-
~ tion code combinations or permutation code com-
binations conforming to a neat prmted patbern Of
‘enciphered text.

21, In a telegraph system a permutatmn ccde
telegrach signal combination enciphering mecha-
nism comprising a cipher unit at a first station,

a, single receiving page teletypewrlter only, said

ciphered permutavion code signal combinations
comprising both character and stunt combina-
tions, a transmitting telegraph distributor con-
nected directly to said mechanism, a single tele-

typewriter receiver only in said system, not more

- than two conductors interconnecting said dis-

20

tributor and said teletypewriter, meang in said

system responsive. to the production of said ran-

dom enciphered combinations for translating said

- random enciphered combinations into an ordered

30

teletypewnter at a second station, a single two-

wire telegraph circuit connecting said unit and
said teletypewriter, a plurality of sets of a plu-
rality of permutatively adjustable cams in said
unit, a plurality of sets of a plurality of gears
controlling the positions of said cams in said sets,
means for changing the positions of each of said

gears in each of said sets individually with respect

to each of the other gears in said sets to in-
crease the number of permutation combinations

of settings of said cams obtainable in sequence

before repetition, a set of permutatively adjust-
able elements in said- unit, means. for combining
the permutative settings of each of said sets of
cams to control the permutatwe settings of said
~ elements, a second set of permutatively adjust-
" able elements in said unit, means for adjust-
ing the positions of said second set of elements

in accordance with permutatwn code combina-.

tions corresponding to characters and teletype-
writer stunt combinations of a message text,

means in said unit for medlfymg the settings of -

said second set of adjustable elements in accord-
ance with the settings of said first set of elements
to produce enciphered permutation code com-
binations correspondmg to characters and stunts
at random, means in said unit for identifying said
random stunt ccmbmatlcns means in said unit
for modifying said random stunt combinations,

means in said unit for producing unenmphered-
permutation code stunt combinations, means in

said unit for arranging said permutatlcn code en-
ciphered combinations cerrespcndmg to char-
acters and said modified stunt combinations and
said unenciphered stunt combinations in an
~ordered sequence, means in said unit for impress-
ing sa1d ordered sequence of combinations di-
rectly on sald two-wire circuit and means in said
_recewmg page teletypewnter respcnswe to the

40

sequence of combinations, said ordered sequence
of cembinations ccmpnsmg enclphered permuta-
tion code signal combinations, modified-stunt gig-

5 nal combinations and unenciphered stunt signal

combinations, means in said system responsive to
said translation for impressing said ordered se-

quence of combinations directly on said distribu-
tor, means in said system for transmitting said

ordered sequence of combihations from said dis-
tributor over said.conductors directly to said re-

ceiver and means in said receiver, respcnswe to

the reception of said ordered sequence of combi-
nations, for controlling said printer so as to print
an enciphered message, corresponding to sa1d

message text, in a neat patiern.

23. A permutation code teletypewriter signal
enciphering system comprising a sending tele-
typewriter equipped with a perforator, means in
said perforator for producing tape perforated
w1th permutation code combinations correspond-
ing to characters and receiving teletypewriter
stunt combinations conforming te a message text,
a cipher unit comprising an enciphering device

o and a rotary telegraph distributor coupled to said

perforator through said tape, means in said de-
vice for producing essentially random permuta-

tion code enciphering combinations, means in said

- device for modifying said character combinations

.fju

and said stunt combinations with said encipher-

ing combinations to produce intermediate en-
ciphered character combinations and: intermedi-
ate enciphered stunt combinations essentially .at

- random, means in said device for sensing said
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) Intermediate combinations, means in said device

for modifying said random intermediate stunt
combinations to prevent their transmission at
random, means in said device for producing other
teletypewriter stunt combinations in an ordered
seguence, means in said device for producing ulti-

mate enciphered character combinations, mocdi-

fled stunt combinations and ordered sequence
stunt combinations in g particular preassigned
pattern, a single two-conductor telegraph signal
transmitting channel only, connecting said. dis-

tributor to a single page teletypewriter printer

- only in said system, said printer at a distant of-

75

fice, meansg in said distributor for impressing said
ordered pattern of combinations on said singie
two-conductor channel, and means .
printer, responsive to the reception of said or-
dered pattern of combinations for arranging en-
ciphered printed characters corresponding to said .

message texXt in & neat pattem
- GEORGE A LOCKE

in sald -
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