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1

This invention relates to eryptographic tele-

graph systems and methods and particularly to
apparatus for generating cipher cedes to be used
in ciphering text codes to be fransmitted and in

deciphering received codes to dem?e message text

codes therefrom.

An object of the invention is to generate a ran-
dom sequence of codes for ciphering and deci-
phiering transmitted and received coede signals.

Another object of the invention is to determine

the character of each impulse of a cipher code
- combingtion in accordance with the operation of

34 Claims.
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a plurality of selectively operable instrumentali- |

ties.

Another obJect of the invention is to control
the operation of the selectively operable instru-
mentalities from multiple bank switching devices.

Another object of the invention is to control

the operation of the switching devices from cer-
tain of the selectively operable instrumentalifies.

Another cbject of the invention is to provide

other switching devices for variously rearranging
the operative relation beftween said certain se-
lectively operable
switching device operating means.

Another object of the invention is to control

the operation of at least one of said other switch-

ing devices according to a predetermined char-
acteristic of certain ones of the message text

codes.
Another obJect of the mventlon is to provide

means for quickly and easily rearranging the se-
lective control of the selectively operable instru~

mentalities by their respective SWltChJIlg devices.

Anocther object of the invention is to provide
means for adjusting the switching devices to any
aesired position to serve ag starting points,

Another object of the invention is to provide a
relay distributor for timing the generation of ci-
phered and deciphered signals.

'The invention features a multiple conta,ct jack
-~ or socket associated with the contacts of each

instrumentalities a,nd the

bank of the multiple bank switching devices in

different connective arrangements from each
other bank and multiple contact jack or socket,
and a plurality of multiple prong plugs having
different combinations of prongs interconnected,
any such plug being usable in any one of the
jacks.

‘The invention also features a plura,llty of jacks o

and patching cords which in cooperation with se-

~ lectively operable keys establish varlable starting

points for the switching devices.
“In accordance with the preferred embodxment

2

text signals to be ciphered and transmitied or
alternately receives ciphered signals to be deci-
phiered and impressed upon a receiving printer.

An output relay generates the ciphered signals
to be transmitted or alternatively generates the
deciphered signals to be recorded. The operat-
ing circuit of the output relay, which is polar, is
completed from the marking or spacing contacts
of the input relay, which have battery connec-
tiong of opposite polarity, over either of two paths
and through the segments of a transmitting dis-
tributor or through counting and distributing re-
lays of a relay distributor. The operation of the
cutput relay to its marking or spacing position
will be dependent upon which of the two paths
is completed to elfect the energization of the re-
lay, the paths entering the operating winding
from opposite sides of the relay, and which of the
two contacts the armature of the input relay en-
gages at the time that the path is completed.

The completion of one or the other of the two
paths is determined by a plurality of sets of ci-
pher coding relays, there being a set for each se- -
lecting impulse of g permutation code sighal com-
bination. The armatures of the cipher coding
relays control various chain circuits for complet-
ing connections from either of the output relay-
operating path conductors to the segments of the
distributor or to the counting and distributing
relays. Each of the cipher coding relays is con-
trolled from a switch bank which has approxi-
mately one half of its contacts connected to the
associated relay through a multiple contact jack
or socket and associated plug. There is a full set
of connections from each switch bank to its jack
and the selective extension of paths from about
one half of the switch bank contacts to the relay
is determined by the electrical interconnection of
aoout half of the prongs of the plugs. Plugs hav-
ing various arrangements of interconnection of
their prongs are employed so that the selective
control of the coding relay from its bank may
be varied by the substitution of plugs.

'The switch banks which contrel the cipher cod-
ing relays comprise multiple bank stepping
switches so arranged that each switch has one
contact bank assigned to control a relay in each
of the sets of cipher coding relays, from which
it follows that each of the relays in g set is con-
trolled from a different stepping switch.

In addition to determining which of the two
paths will be completed for cperation of the out-
put relay, certain of the cipher coding relays also
selectively provide ground connections for a

of the invention, an Input relay receives plain &6 number of conductors equal to the number of
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stepping switches which control the cipher cod-
- Ing relays. These conductors extend to the con-
tact brushes associated with an equal number of

contact banks of another stepping switch. The
- conductive paths to the contact brushes of the

last-menticned stepping switch are completed

through a mixing jack with which several dif-
ferent plugs may be employed for varying the
connections .between the conductors and the
brushes.

to the brushes of still another stepping switch.
The contacts of the banks of this stepping switch

are connected in different combinations to five
conductors which extend to the normally released

‘The contacts of the banks of the last-
mentioned stepping switch are connected in vari-
ous combinations to five conductors which extend

10

_autornatic advancement of the stepping smtch

will be discontinued. When all of the switches
have come to rest, the manually controlled relay
may be released whereby the energizing circuit

for the stepping magnet will be interrupted and
the brushes of the stepping switches will be in

starting positions as selected in accordance with
the positions of the patching cords: relative to

the jacks and in accordance with the particu-

lar manually cperable keys which had been op- -

- erated.

For a complete understandmg of the invention

- reference may be had to the following detailed

‘armatures of 2 timing relay. From the front con- |

tacts of the timing relay conductors extend-

through another mixing jack and plug combina-

tion to the stepping magnets of the stepping

~ switches which control the cipher coding relays,

50 . that the c}peratlon of the stepping magnets
for. the stepping switches which control the
cipher coding relays will depend upon the se-

lective application of ground to the conductors
- extending to the brushes of the first transposing
stepping switch and the manner in which the
two transpesing stepping switches transpose the

conductive paths to the several stepping magnets.

One of the transposing stepping switches is ad-
vanced one step for each signal combination
transmltted or received. The advancement of

the other transposing stepplng switch is depend-

ent upon two factors.. One is the preparatlon of

a ground connection for the stepping magnet of

- the second transposing stepping switch through a

20

o)

‘chain circuit controlled by .certain of the cipher

codlng relays. The other condition is the ap-

lar one of the impulses of the plain text codes.

When, these two conditions appear concurrently,

. the second transposmg second smtch is advanced
‘one step.

~ pearance.of markmg as the nature of a particu- -
40
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description to be interpreted in the llfrht of the
accompanying drawings wherein:
Figs. 1 to .6, inclusive, are dlagrammatlc views

| shcwmg parts of a cryptcgraphlc telegraph sys-— .

tem in acccrdance with the present invention:

Pig, 7T is a diagrammatic view showihg how

Figs. 1 to 6, inclusive, are to be arranged to rep-
resent a complete telegraph station capable of
ciphering and declphermg telegraph messages |
and |

PFig, 8 is a dlagrammatlc view shong an al-

5 ternative embodiment of the portlon of the sys-
tem shown in Fig. 1. | |

PFig, 1 is largely similar to PFig. 1 cf the patent |
concurrently granted on copending application,
Serial No. 435,178, filed March 18, 1242, by K. E.
Fitch et al. Pig. 2 of Fitch et al. dmcloses a spe-

cial repeater which cooperates with the appa-

ratus. of Fig. 1 of that application and a. repeater

- ldentical with that shown in Fig. 2 of the co-
is' intended to ‘cooperate
5 similarly with Fig, 1 accompanying the present .

pending application

specification. For the purpose of simplifying the
present specification and avoiding duplication of
disclosure, the drawings accompanying the pres-
ent speclﬁcatlon do not include the repeater, nor
does the specification contain detailed descrip-
tion of such repeater.  In view of this the dis-

- closure of the copending application and par-

The appearance of the markmg condltlon fori'

a, particular nnpulse of the text code signals is-
detected by a relay which is controlled directly

| by the input relay in the case of 51gna1 transmis-
sion, because the plain text codes are impressed
dlrectly upon the input relay under those circum-

stances, and is controlled in accordance with the.
) 0peratlon of the output relay in the case of the

received mgnals since the input relay is. then
resporiding to ciphered signals and the output

~ plain text signals.

ticularly Fig. 2 and the descriptive materia] per-

taining thereto of the copending application is
5 ihcorporated herein by reference as part of .the

present specification. | |
Referring now to . the drawmgs and partlcu—-

larly to Fig. 1 the apparatus contained - within

50

the brcken line rectangle 11 represents a com-

‘bined receiving telegraph printer and keyboard'_ |

- transmitter which may be of the type shown in
~ Patent 1,904,164, granted April 18, 1933, to S..

G

tem of jacks, patching cords and manually oper- -
able keys, circuits may be prepared for energizing

‘the stepping magnets of the stepping switches
~through the contact brush and any contact in the
extra bank: of contacts.
- been thus prepared, 2 manuaJIy controlled relay
 is operated to complete the circuits of the step-
- ping magnets through their mterrupter contacts

Whereby the smtches will be advanced by inter-
Tupter or buzzer action. - When each stepping 7

switch reaches the contact to which a conductive

path for energizing the stepplng maghet has been

extended, the stepping magnet will be held ener-
gized over 3 path in shunt relatmn to the path

After the circuits have

- Morton et al.
relay operates in accordance with the declphered -

The disclosure of the Mcrtcn pat-_'

- ent is incorporated herein by reference as part = -
| B4
Each of the stepping sw1tches which control
the cipher coding relays has one more bank of
~ contacts than the number of sets of coding relays
- and each of the two transposing stepping relays -
~ has an extra contact bank. By means of a sys--

of the present specification. In Fig. 1 the printer

- is indicated symbolically by the selector magnet
12 and the keyboard transmitter for transmitting

start-stop permutation code signals is repre-

sented by the transmitting contacts 13. The se-

lector magnet 12 is connected to the sleeve ter-

‘minals of a double plug {4 and the transmitting

contacts 13 are connected to the tip.terminals
of the double plug {48." The double plug. {4 is

-adapted to be inserted. 1nto either of two pairs

of Jacks assoclated with - the repeater circuit

- showh ‘in Fig, 2 of the copending application,

~ comprising relays 16 and 7.
~ed to receive signals from the repeater circuit
- (not shown) and has one terminal of its upper or

depending upon whether it is desired to- transmlt

straight unciphered messae'e text s1gnals or 01-
phered sisnals. | -

A ciphering and decipherlng relay system 1s'f
shown in the lower right-hand pcrtlon of Fig. 1
Relay 16 is adapt-

' through the mterrupter contacts whereby the 75 cperatmﬂ- ‘winding ccnnected tc ccnductcr 18
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which extends into the repeater circuit and the

other terminal of the operating winding is con-
nected through resistor 18 to ground and through
resistor 21 to the negative terminal of battery 22,
the resistors 19 and 2! forming a potential di-
vider, ' In the repeater, conductor
negative battery connection in the idle condition
which causes current to flow in the operating
winding of relay 16 in a direction to hold the ar-
mature on the marking contact, which has a
negative battery connection. When the repeater

receives g spacing signal either from the local
transmitting contacts (3, which generate straight

text signals, or from g remote station, a ground
connection on conductor {8 is substituted for the

négative battery connection, which causes cur~ —

rent to flow in the opposite direction through the

operating winding of relay 16 and drives iis.
armature to spacing which has ground connec-
tion. Relay 16 has a holding or locking winding,

ohe terminal of which is connected through re-
sistor 26 to ground and through resistor 27 to
negative battery 28, the resistors 26 and 27 com-

I8 receives

6

" connections as will be described later. From the

point of interconnection of resistors 39 and 42,
designated as bridge corner 48, conductor 49 ex-
tends into Fig. 2 and has various connections in
that ficure. From the bridge corner 38 con-
ductor 5t extends to the rest segment 52 in the
outer ring of distributor 3I. .

The distributor 31 is somewhat similar to a

~ tape controlled transmitter distributor disclosed

10

prising a potential divider, and the other termi- -

nal of the holding winding of relay 6 is con-
nected over conductor 29 to the collector ring of
a cipher code generating distributor 3f which will
be described later.

The transmitting relay 17 has its armature

connected to a conductor 32 which extends into
the repeater, its marking contact connected to

negative battery and its spacing contact con-
nected to ground. When the armature of relay

IT is on the marking contact a marking signal 1s
transmitted into .the repeater gnd when the
armature of relay {7 moves to the spacing con-

tact a spacing signal is transmitted into the re-

peater. Relay (1 is operable under the joint
control of receiving relay 16 and cipher code gen-
erating distributor 31. When relay 16 responds

30

40

to a plain text code generated by transmitting

" contacts {3 and causes the operation of relay 11,
“the signal transmitted by relay 171 is a clphered |

signal and is repeated by the repeater into a line

extending to a remote station. When relay 16

responds to a ciphered code received from a re-

mote station, the operation of relay 1T In re-

sponse thereto is to decipher the code and the
 signal transmitted by relay {7 into the repeater is

 repeated to the selector magnet 12 of the receiv- ;

ing printer. The armature of relay T is also
connected to one terminal of the holding or lock-

ing winding of that relay, the other terminal of .

which is connected through resistor 33 to sround
and through resistor 34 to negative battery 36.
The holding winding thus may be traversed by
current in either direction from the marking and
spacing contacts of relay {7 and serves to hold

the armature in the position to which it is oper-

ated by the operating winding until the operat-
ing winding, which is paramount 1o the holding

GU

winding operates the armature fo the Oppomte .

position.

The armature of input relay 16 is connected by
conductor 27 to one corner 38 of a triangular
bridge network which comprises one side or arm

containing resistor 39, a second side or arm con-
taining resistor 41, and a third side or arm con-

taining the opera,tmg winding of output relay (7
and resistor 42 in series therewith, From the
point of interconnection of the operating winding
of relay {1 and resistor 41, designated as the
bridge corner 43, conductor 44 extends to the stop

segment 46 and to the start segment 47 of dis-

tributor 81 and into Fig. 2 where it has various

in Patent 2,055,567 granted September 29, 1936,
to E. F. Watson, and the disclosure of the Wat-
son patent is incorporated herein by reference as
part of the present specification. However, the .
distributor has a considerably different arrange-
ment of signal generating segments and there

are no tape-controlled contacts, the segments re- -

ceiving their potentials from other sources as
will be described hereinafter,

The distributor 31 has a brush arm 53 Wthh is .
carried by a rotatable shaft 54 to which rotation
is imparted from motor 56 through Ifriction
clutch 57 and gears 8. A stop cam 39 is secured
to shaft 54 and is arranged to be arrested by the
armature lever 6! of electromagnet 62 when the
maghet is deenergized. Upon the energization
of magnet 62 the end of armature lever 6f pre-
sented toward cam 59 is rocked out of blocking
relation to the cam whereby shaft 54 is released
for rotation. Brush arm 53 carries two electri-
cally interconnected brushes which bridge oufer
and inner segmented rings,

The inner ring of the distributor is electrically
continuous except for a short conductive segment
63 insulated from the main body of the ring, and
the inner brush carried by brush arm 53 is in en-
cagement with the segment 63 when brush arm
63 is held at rest, the outer brush then engaging
rest segment 52 which subtends the same angle

as the segment 63. The stop segment 46 is trav- ~

ersed by the outer brush of arm 53 just before
reaching rest segment 52 and the start segment
£7 is traversed by the outer brush immediately
after leaving segment 352. The remainder of the
ocuter ring contains five uniformly spaced short
conductive segments which correspond to the five
code impulses of a permutation code combination
and these segments are connected to conductors
66, 67, 68, 69 and 71 which eXtend into Fig. 2.
The inner ring of the distributor, exclusive of the

rest segment 83, has one end in registry with the

beginning of start segment 47 and the other end
in registry with the end of stop segment 46 and
thus is arranged to complete conductive paths
from the start segment, the five code segments
and the stop segment over conductor 29 to the
locking winding of inpuf relay (6.

With distributor brush 53 in the rest position
the two rest segments 52 and 63 gre bridged by
the brushes as previously stated and a circuit
may be traced from ground on the positive ter-
minal of a battery 72 through the battery, re-
sistor 13, winding of start magnet 64, conductor
14, inner rest segment 63, brushes carried by dis-
tributor arm 53, outer rest segment 52, conductors
51 and 31, armature of input relay 16, and mark-
ing contact of that relay to negative battery, the
positive terminal of which is connected to ground.
The negative battery connected to the marking
contact of relay 16 opposes the negative battery
connected to start magnet 62 so that the magnet
is deenergized. When input relay 18 goes to
spacing in response to the start impulse of g sig-
nal combination received over conductor 18 the
opposing negative battery connection on the

marking contact of relay 16 is removed from the
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~ circuit of start magnet 62 and a ground connec~

tion on the spacing contact is substituted so that

~ the magnet becomes energized and retracts arma-

ture lever 6{ from blocking relation to start cam

- B9 thus permitting distributor shaft 54 and brush

arm 53 to be rotated.

Referring now to Figs. 2 and 3. the anp&ratu's |

for setting up cipher codes will be described. It

may be stated generally that this involves selec~

tive determination of the completion of conduc-
tive paths over conductors 44 or 49 which extend
from the bridge network corners 43 or 48 and thus
from the opposite ends of the winding of output

relay 11, to the five code segments of distributor

3i. In the lower portion of Fig. 3 are shown the
stepping magnets 81,
stepping switches each of which has six banks
of contacts.

82 to 8%, inclusive, are demgn&ted 82A ito 85HF,
inclusive.

Associated with the steppmg switch banks SIA
to 81H are individual relays 81AR to 8IER. Sim-
ilarly, the stepping switch banks 82A to 82E have
relays 82AR to 82ER, respectively, the switch
- banks 83A to 83E have the individual relays $3AR.
to 83ER, the banks 84A to 84E have relays 8£AR
to 84ER, and the switch banks 85A to 88E have
the relays 85AR to 85ER. The switch banks bear-
ing designations A to E, inclusive, include uniform
- numbers of contacts, such as 22, and the brush
associated with each of these banks is connected
to ground. The asscciation of a relay witix its
switch bank is shown in full detail in the case
of bank 85E -and relay 85ER in PRig. 3. The
" twenty-two contacts of switch bank 85E are con-
“nected to individual single contact spring jack
elements of a multiple jack 33EJ which has a
minimum of twenty-three individual jack spring
elements. Successive contacts of bank 85E gre
not connected to successive jack spring elements
- of the multiple jack 85EJ but are serambled ov

connected in purely random fashion. The upper-

most jack spring element of jack 85HJ is con-
nected to one terminal of relay EDER the other
terminal of which is connected to grounded bat-
tery. There is provided for cooperation with jack
80EJ a multiple plug 85EP having a minimum of
twenty-three independent contact prongs.
uppermost prong is conhnected by conductive

82, 83, 84 and 8% of five

The contact banks associated with
~ the stepping switch operated by stepping magnet
81 are designated 81A to 81F, inclusive. Similarly,

the banks of contacts associated with the step-
- ping switches controlled by the stepping magnets

The

10

15

- _ 8 N
with the switch bank 83C by the reference nu-

merals 83CJ and 83CP, respectively. Each of the
twenty-five stepping switech banks which controls
a relay has a set of connections from ifs twenty-.

- two contacts to twenty-two jack springs of its

multiple jack which differs from the arrangement

of connections between the remaining twenty-

four switch banks and their multiple jacks, and
each of the multiple plugs of which there is a min-
imum of twenty-five has a different combination .

of strappings from the uppermost prong to about

one half of the remaining twenty-two prongs of
the plug. Any one of the plugs may be used in
any one of the jacks to establish selectively vari-
able paths for the energization of the relays. The

- multiple plugs, the number of which may con-

20

25

30

30

40

siderably exceed twenty-five, because gz large.

number of different strapping combinations may

be made, may be marked with distinctive identify-
ing symbolg so that they may be placed in con-

ductive association with the multiple jacks in pre-
determined arrangement according to charts or

other instructions.

Each of the relays controlled by the stepping
switeh bank has a sufficient numbter of armatures
and contacts to provide two ncrmal paths and two

off-normal paths, the normal paths being those

that are established through back contacts and
the off-normal paths being those that are estab-
lished through front contacts. In the majority
of instances this could be accomplished by pro-
viding relays having two armatures each opera-

ble between a back contact and a front contact.

However, in Figs. 2 and 3 the relays have been
shown as being provided with four armatures
two of which cooperate only with a back contact
and the other two of which cooperate only with

‘a front contact. In some instances only one back
~contact is used and, accordingly, one of the ar-

matures i1s not used. However, in systems of this
type it is desirable to use sumlar relays through-
out where they perform similar functions even

- though some of the armatures and contacts may

45

b0

- output relay 17T extend into Fig. 2.

- straps to about one half of the other twenty-two -

prongs, selected at random. With the plug 85EP
inserted into jack 88EJ, when the brush asso-
clated with switch bank 8%E comes into engage-
- ment with contacts of the bank from which con-

ductive paths extend through springs of jack

85EJ to prongs of plug 85EP that are connected
to the uppermost prong, the circuit of relay 8§5ER
wil]l be completed and the relay will be energized.
With the specific arrangement of connections be-
tween switch bank 88K and jack 85EJ, and with
the specific strapping of prongs of plug 85EP to
the uppermost preng the circuit of relay 8§5ER
- will be campleted when the stepping switeh brush
- engages the first, fifth, sixth, eighth, ninth,
- eleventh, fourteenth, tWentleth twenty-ﬁz st and
twenty-second contacts of the bank.

- Fragments of other multiple jack and multiple

plug arrangements are indicated 83DJ and 85DP,

' respectively, in Fig. 3 and in Fig. 2 in assocmtmn
with switch bank 8iC by the reference numerals

_BICJ and BICP respectlvely, and in assoclatmn_

55

60
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not actually be used. The reason for this is that
It may be desirable to rearrange some of the
bermanent connections from time to time and if

~all of the relays have full complements of arma-

tures and contacts the rewiring may be done with..
out the necesmty of removing and substltutlng
relays. -
As previously stated the conductors 44 and 49' .'
connected to the opposite ends of the winding of
In branch-
Ing relation to conductors 44 and 49 the con-
ductors 44A and 49A extend to armatures of re-
lays 81AR and 83AR. Conductor 44A is connect-
ed to armatures | and 4 of both relays, which
have off-normal and normal relation respectively
to their contacts. Conductor 48A extends to the:
armatures 2 and 3 of both relays 81AR and 83AR.
Of these armatures the armature 2 has normal
relation to its contact and the armature 8 has off-
normail relation to its contact. The contacts of
the armatures | and 2 of relay 81{AR are con-
nected to the armature [ of relay 82AR. The
contacts of the armatures 3 and 4 of relay §IAR
are connected to the armature 2 of relay 82AR.
The contacts associated with the armatures 1
and 2 of relay 82AR are connected to the arma-

ture | of relay 85AR. The contacts associated

with the armatures | and 2 of relay 83AR are
connected to the armature | of relay 84AR and
the two contacts associated with the armatures

3 and & of relay 83AR are connected to the ar-

mature 2 of relay 84AR. The two contacts asso-
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clated mth the armatures | and 2 of relay 84AR
are connected to the armature 2 of relay 85AR.
The contacts associated with the armatures |
and 2 of relay 85AR are connected over conduc-
tor 66 to the No. 1 code segment of distributor 31.

With relay armature and contact connections as
described above, there are two chain circuitls, one
comprising the armatures and contacts of relay
81AR and the upper two armatures and contacts
of relay 82AR and the other comprising the ar-
matures and contacts of relay 83AR and the
upper two armatures and contacts of the relay
84AR, these two chains leading into the upper
two.armatures of relay 86AR. Conductors 44A
and 4%A enter both of these chain circuits, When
relay 85AR is deenergized the chain circuit com-
prising relays 83AR and 84AR will be effective
to control connections from conductors 44A and
49A to conductor 66.
83AR and 84AR energized or both deenergized,
conductor 44A will be connected to conductor 66.
With either of these relays energized and the
other deenergized conductor 43A will be con-
nected to conductor 65. When relay 85AR is
energized the chain circuit controlled by relays
8{AR and 82AR will be effective, With both of
these relays energized or both deenergized, con-
ductor 44A will be connected to conductor b6 and
with either of these relays energized and the
other deenergized, conductor 49A will be con-
nected to conductor 66. As the five relays are
selectively operated singly or in combinations,
they cooperate in sets of three, namely, 81AR,
B2AR and 85AR, or 83AR, 84AR and 8%AR fto
determine which of the two conductors 44A and
85 A shall be connected to conductor 6. The chain
circuits are so arranged that it is not possible for
both of the conductors 44A and 49A to be con-
nected to conductor 66 simultaneously.

The relays §1BR, 82BR, 83BR, 84BR and BBBR
control chain circuits identical with those con-
trolled by the relays 81AR to 85AR., It is not
necessary that these two chain circuit systems be
the same, as there are many ways in which the
chain circuits may be arranged, and other sets
of relays controlled by the stepping switches con-
trol different arrangements of chain circuits, as
will be described later. The conductors entering
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Conductor 618 extendmg from the contacts of
the armatures { and 2 of relay &3BR eXiends

~ to the back contact of the inner left-hand arma-

10

15

With both of the relays

20

30
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the two chain circuits at the armatures of re-

lays 8IBR and 83BR have been designated by
the reference numerals 448 and 48B. The con-
ductors 44B and 48B do not connect directly to
conductors 44 and 49, respectively, as do the
conductors 44A and 49A, respectively, but con-
nect instead to the outer left-hand armature and
to the right-hand armature, respectively, of a re-
lay 81. The back contact of the outer left-hand
armature of relay 91 is connected through the
second winding, counting from the top, of a re-
lay 92 to conductor 44. Similarly, the back con-
tact of the right-hand armature of relay 91 is
connected through the third winding of relay 92
to conductor 49. The front contact of the outer
left-hand armsture of relay 91 is connected di-
rectly to conductor 44 and the front contact of
the right-hand armature of relay 91 is con-
nected directly to conductor 49. Thus when re-
lay 9f is deenergized conductors 44 and 44B are
interconnected through a winding of relay 92 and
conductors 49 and 489B are interconnected through
another winding of relay 92 whereas when relay
91 is energized conductors 44 and 44B are inter-
connected directly and conductors 49 and 49B
are interconnected dlrectly, the two mndmgs of
relay 92 being open. o

50

5o

60

tacts 93 shown in Fig, 1.

ture of relay 91 and to one terminal of the upper-
most winding of relay 92, the other terminal of
which is connected to the front contact associat-
ed with the same armature. The armature is
connected to conductor 67 which extends to the
No. 2 code segment of distributor 3f. When relay
9§ is deenergized, conductors 67 and 61B are in-
terconnected directly and the circuit of the up-
permost winding of relay 92 is open. When re-
lay 81 is energized, conductors 61 and 61B are
interconnected through the uppermost winding of
relay 92.

The operation of relay 91! is ccmtrolled by con-
Contacts 83 are nor-
mally open but are closed by the operation of a
locking bail arm 84 which is rocked in counter-
clockwise direction by o spring £6 under the con-
trol of a cam 27 associated with the cam assem-
bly which controls the operation of transmitting
contact 13. Cam 97 is shown in the rest posi-
tion and is rotated ore revolution for each code
combination generated by transmitting contacts
3. This feature is more fully disclosed in Pat-
ent 2,018,368 granted October 22, 1935, to R. A.
Lake and particularly in Pig. B of that patent.
The disclosure of the Lake patent is incorperated
herein by reference as part of the present speci-
fication. One of the contacts 83 is connected to
eround and from the other contact a conductor
68 extends into the repeater circuit (mot shown)

for effecting a control fully disclosed in the co-
pending application. A'branching conductor $9

extends from conductor 98 to one ferminal of re-
lay 81 (Fig. 2) the other terminal of which is
connected to grounded battery of the same polarity
as the battery connected to conductor 98 in the
repeater circuit, so that when contacts 83 are
closed, relay 81 will be energized and when con-
tacts 93 are open no energizing circuit for relay
81 will be completed through conductcr $8 into
the repeater circuit. From the foregoing it will
be apparent that relay 91 will be energized only
durine the transmission of signals generated by
transmitting contacts 13. When signals are be-
ing received from a distant station over conduc-
tor 18 the local transmitter will not be oper-
ated, contacts 93 will remain open and relay §l
will remain released.

Before proceeding Wlth the descrlptmn of fur-
ther features and elements of the apparatus, the
operation of the apparatus heretcfore described
in cinhering signals to be transmitted to a dis-

‘tant station and in deciphering signals received

from a distant station, will be described. The
ciphering of a signal to be transmitted will first
be considered. Upon the operation of transmit-
ting contacts 13 to transmit a signal, the first
impulse is the start signal which is of spacing
nature and this causes the relay 16 to go to spac-
ing, thus completing the energizing circuit for
start magnet €2 over a circuit previously traced.
The start magnet permits brush arm 53 to be
driven and the brushes first encounter start seg-
ment 41. This segment is connected to conduc-
tor 44 so that conductor 44 becomes conuected
to conductor 28 through the brushes of the dis-
tributor while the outer brush is traversing the
start segment 471. Conductor 49 has no direct
connection to any segment of the distributor 3!
but extends directly to the cipher ceding relay
system in Figs. 2 and 3, the return leads of which
are to the code segments of the distributor, so
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that ho circuits can be completed over conduc-
tor 49 while the brushes are traversing the start
segment. Accordingly, a circuit is traced from
- ground on the spacing contact .of relay 16 through
the armature of the relay and conductor 37 to
- the bridge corner 38. At this point the conduc-
. tive path divides, part of the current flowing over
resistor 41 to the bridge corner #3 and the re-

mainder flowing through resistors 38, 42 and -
10

operating winding of relay 1T from right to left
to the bridge corner 43. The path reunites at
- the bridge corner 43 and continues over conduc-
- tor 83 to the start segment 471 then to the inner
ring of the distributor, conducter 29, locking
winding of relay 16 and the resistor 27 through
battery 28 to ground. Output relay 171 is polar
and with ground .on the armature of relay 46 and
- the circuit of the operating winding of relay IT
-extended .over conductor 44, current flows

through the coperating winding of relay 17 in the .

direction to drive the armature of that relay to
spacing. The current through the locking wind-
ing of relay 16 is in the direction to hold relay
{6 in the spacing condition even though the start
impulse of spacing nature received over conduc-

tor 48 should cease and a marking 1mpulse should
be substituted before the brushes have left start

- segment 41. From this it follows that the lock-
ing winding. of relay 16 is paremount to the oper.
ating winding. With relay 17 in the spacing
- condition a spacing impulse is transmitted over
conductor 32 to the repeater, wherein it is repeat-
-~ ed to the line extending to the distant station,
and current is .supplied from the spacing con-

tact of relay 1T through the locking winding of s:

‘that relay in the direction to hold the relay in
the spacing condition. As soon as the brushes
leave the start segment 47 the circuit through
the operating winding of cutput relay #71 and
through the locking winding of input relay 16
is interrupted but the circuit through the lock-
ing winding of relay 17 remains.
free to be operated in response to the first code
impulse of the signal but the locking winding of

relay IT assures that the start signal shall en- :

- dure until a circuit through the operating wind-
ing of relay {1 is again completed, which cannot
occur until the brushes reach the No. 1 code seg-
ment of the distributor. The operating winding

of relay (7 is paramount to the locking winding

and can move the armature of the relay when-
ever the operating winding becomes energized,

Relay 16 isnhow

»0

_.‘].5

o0

NI
At

~ conductor 49A from conductor 49.

40
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although the IOCklng winding is seeking to hold . -
the armature in the positicn to Whlch it had last

been moved.

- Assume that the first code impulse of the mg-
nal generated by contacts 13 is of ma,rkmg nature,
as a result of which a marking signal will be re-
ceived by relay 16 over conductor I8 and the
armature will be restored to the markmg Posi~

- tion. Assume glso that the relays SIAR to BEA‘% |

are energized in such combination that a con-
ductive path will be extended over conductors a4
and 24 A to conductor €5. For this condition there
are-four possibilities. If relay 8BAR is deener-
gized the connection will be established with both

of the relays 83AR and 88AR also deenergized or

with both of the relays 83AR and 84AR ener-
gized, the relays 81AR and 82AR having no ef-
Tect.

energized, the connection will be estabhshed with
both of the relays 8 AR and 82AR also energized

or with the relays 81AR and 82AR both deener-
gized, the relays B3AR and 84AR having no ef-
fect. ~The circuit is traced from ground threugh

I, on the other hand the relay 85AR is -

the relays 81AR and 82AR having no effect.
the other hand, if the relay 85AR is energized,

12

“the battery on the. markmg contaet of relay (6

through the armature of that relay, conductor 31
through the branching paths of the bridge net-
work including the operating winding of relay
I'T then through conductors-44 and 44A, armatures
and contacts of relays 81AR to 85AR, conductor
66, the No. 1 contact of distributor 31, the brushes

.-and inner rmg of that distributor, conductor 29,

locking winding of relay 1§ and resistor 2§ fo.

ground. Except for the addition of conductor -

44A, contacts and armatures of relays 8fAR to

'B_SAR and conductor §9%, this is the same path

that was traced in e.cﬁonne_c'tion with the transmis-
sion of the start signal. However, the polarities
have been reversed because the armature of re-
lay 18 now receives battery connection instead of

ground connection. The reversal of polarity .on
the bridge network and through fhe operating

winding .of relay 17 causes the armature of that
relay 1o be moved to its marking contact to effect

the transmission of a marking signal over .con-

ductor 32 and to complete a circuit from the

- marking contact through the leckmg winding of

relay {7 to hold the armature on the marking con-
tact. If the ﬁ;. st impulse of the code combination

had been spacing the polarity applied to the
“bridge circuit network would have been the same
as that applied in response to the start signal

and with the circuit completed to conductor 29
over conductor 44, the armature of relayﬂ l‘l would

have remained on the spacing contact.

Assume now that the No. 1. impulse of The code |
combination is marking, which was the condition

originally assumed, but that the relays 81AR to
85AR are energized in such.combination that they
coimplete a conductive path to conductor 6§ over
There are
four conditions of the relays under which this can

occur. If relay 85AR is deenergized the connec~
tion will be made if either .of the relays 83AR or

84AR is energized and the other is deenergized,
On

the circuit will be completed if either of the relays
81AR or B82AR is energized and the other is
deenergized, the relays 83AR and 84AR having
no effect. The circuit is traced from £ground

through the batter:v on the m&rklng contact of
- relay 16 through the armature and.conductor 31
to the bridge- corner 38. ‘The current now divides
in g different manner, one path being traced

throigh resistor 89 to bridge corner 48 and the
other being traced. through resistor 41, operating
winding of relay {7 from left to right and resistor

42 to bridge corner 48. From this point the cir-

cuil continues over conductors 49 and 49A, the

| arma,tures and contacts of relays 8l AR 1o 85AR,

6o

end inner ring of dlStI‘letOI‘ 3f,

conductor 66, the No. 1 code se ement, brushes
conductor 29,
locking Wlndmg of relay 16 and resistor 26 to
ground.  With the circuit completed from bridge
corner 43 instead of bridge corner 43 the current

- through the operating winding of relay 17 is in
- the reverse of the direction in which it flowed

65

when with the armature of relay {6 on the mark-
ing contact the circuit was completed through
conductor 44 50 that the armature .of relay {7 is

- driven to the spacing contact to transmit a spac-

75

ing signal over conductor 32 and the current

through the locking winding of relay 17 holds the

armature  on the spacing. contact. There has

“been no reversal of the dlrectmn of current

through the leckmg winding of relay I8 so that

its armature remains on the marking contaet. If

mstead of bemg of markmg n&ture the ﬁrst code
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impulse generated by transmlttmg contacts 13
had been of spacing nature, with the path to the
locking winding of relay 16 extended over con-
ductor 49 as just described there would have been
a8 reversal of the polarity on the operating wind-
ing of relay {7 which over the same conductive

path would have caused the armature of the relay

to assume the marking position.
By way of recapitulation there are feur possible
conditions of signal transmission. When relay 16

responds to a spacing signal and the circuit is
completed over conductor 44 a spacing signal will |

be transmitted over conductor 32. When relay
{6 responds to a marking sighal and the circuit
is eompleted over conductor 49, a spacing signal
will be transmitted over conductor 32. When
relay 16 responds to a spacing signal and thie cir-
- cuit is completed over conductor 49 relay 7
will be operated to marking to cause the trans-
‘mission of a marking signal over conductor 32.
When relay 16 responds to a marking sighal and
the circuit is extended over conductor 44, relay
17 will be operated to marking and a marking
signal wili be transmitted over conductor 32. The
further summarizing statement may be made
- that relay {7 operates in correspondence with
relay 16 when the circuit is completed over con-
ductor 44, and operates in reverse relation to relay

6 When the cz_rcmt 15 completed over conductor

49. -
After the brushes have traversed the five code

seements and the ciphered impulses have been
- transmitted, the brushes traverse the sfop seg-
ment 6. At this time the relay 16 receives the

- stop pulse, of marking nature, generated by con-

tacts 3. The circuit is completed from the mark-
ing contact of relay 16 through the bridge net-
work including the operating winding of relay i7,
over conductor 44, stop segment 45, inner ring of
the distributor, and conductor 28 to the locking
winding of relay 18.
fourth condifion recited in the preceding para-

- graph of recapitulation and relay {7 will be op-

erated to the marking condition to transmit a
marking signal, which is the irite stop impulse.
It is to be noted that the cipher coding relays

5

10

15

20

28
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stations and the brushes of the stepping S‘mtches
are adjusted to the same starting points and are

advanced together by local control individual to
‘the stations, so that the cipher coding relays at -

the receiving station establish the same connec-
tions from the conductors 44 ancd 49 to the dis-
tributor code segments as are established at the
transmitting station. It has been shown that
the cipher coding relays have no effect upon the
output relay 1T when the inpuf relay (6 responds
to the start signal of spacing nature and there-
fore that the output relay follows the inpuf relay.
to spacing condition. When the start signal of
spacing nature is received from the distant sta-

tion 1v is repeated by the repeater to the input

relay 15 which completes a circuit over conductor
&4 and the start segment of the receiving dis-
tributor, which was released for rotation when the
start signal was received, to the locking winding of
input relay 16 and the output relay 17T goes to
spacing, -
The first message code impulse was previously

assumed to be of marking nature with the cipher
code circuit established over conductor 44 and it

was found that the output relay transmitted a

marking signal. Accordingly, the input relay of
a receiving station would go to marking condition

- and would complete a circuit over conductor 44

3{)

40
‘This corresponds to the

81AR to 85ER in Figs. 2 and 3 have no effect

upon the transmission of the start and stop sig-
- nals.

both cases, but relay (6 is spacing for the start

signal and marking for the stop signal, and re~

The circuit through the operating winding
of relay {7 is combpleted through conductor 44 in

identical with that which was described when the
first impulse of text code was assumed to be mark-
ing. The polarity on this circuit is such that the
output relay 17 is operated to the marking con-
dition and 1mpre_sses a marking signal on con-
ductor 32 which is repeated to the selector magnet
2. In this way the original text marking signal,
which was treated in such a way by the cipher
code relays that it was transmitted unchanged as
a marking signal, is received and similarly treated
through an identical arrangement of the cipher
code relays and is repeated unchanged as a mark-
Ing signal which is used to control the receiving
printer. Corresponding deciphering operations
occur with reference to the other three possible
conditions. Thus with a text code impulse of
spacing nature controllmg output relay 17T over
cenductor 44 and causing the relay to transmit

a spacing signal, the received spacing signal, con-

trolling relay [T over conductor 44 causes the
output relay (7T to generate a spacing signal which

is repeated to the printer magnet 2. A text code

- marking impulse, confrolling the output relay 7T

lay {7 is correspondingly driven spacing for the

start signal and marking for the stop signal.

After the brushes leave the stop segment they *

“encounter the rest segments and are arrested,

W}
o |

since the start magnet §2 was released when the

brushes left the rest segment and presumably

the relay 18 will still be responding to the stop
signal when the brushes reach the rest seg-
ments, so that the start magnet will remain re-
leased. When the relay (8 responds to the start

ti{)

signal of the next code combination, magnet 62

will again be energized and will release the shaft |

54 for another cycle of rotation.

There will now be described the operation of

deciphering received code combinations. The code
combinations are transmitted from a distant sta-
tion having ciphering apparatus of the same type
as that disclosed in the drawings accompanying
the present specification and it is a characteristic
of the system that when ciphered messages are
being transmiited identical arrangements of con-
nections between the cipher coding relays and

-

- b

magnet {Z.

over conductor 498 to cause the relay to transmit
a spacing signal, is received in cipher as a spacing
signal which, controlling output relay T over
conductor 49 causes the relay to generate a mark-
ing signal which is repeated to the selector mag-
net 12. Finally a text code signal of spacing ha-
ture controlling the output relay 17 over con-
ductor 49 to cause the relay to transmit a mark-
ing signal is received as a marking signal by the
input relay {86 and, controlling output relay IT
over conductor 49, causes the relay to generate a
spacing signal which is repeated to the selector
From this it will be apparent that
the deciphering of received signals in order to
derive the plain text codes therefrom is accom-

- plished by ciphering received codes under the

the stepping switch banks are established at both 75

same conditions that were employed at the trans-

mitting station to convert the text code signals
into cirhered signals.
Reference has been made previously tc:r the fact

that the chain circuit arrangements of arma-

tures and contacts of the cipher coding relays
may differ from the arrangement of the contacts
and armatures of relays 81AR to 85AR and of

{1 )
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-_-the re]ays B IBR fo §5BR.

8OCR .show -a different arrangement 'The con-
ductors -44C and 49C which -enter the chain cir-

 cuit of these relays connect directly to the con-
ductors &4 and 49, which is comparable with the

arrangement of the conductors 44A and 49A, but

differs from the arrangement of conductors 448

and 49B. Conductors #4C and 48C enter the

chain -circuit at the armatures (| and 4 2 and 3,
respectively, of relay 8ICR from the contacts of

which :conductors extend to armatures | and 2
of relay 84CR from the contacts of which:a con-

The relays 8ICR to.

-t

N

ductor extends to the armature 2 of relay 85CR

and #he :contacts associated with this -armature
and also the armature | are connected to con-
ductor 68 which extends to the No. 3 segment of
distributer 34. Thus one -of the chains includes

armatures and contacts of relays 81CR, 84CR and

80CR in that -order from conductors 44C and 45C
to .conductor 68. Conductors -44C -and 49C also
enter another chain at the armatures 2 and 4, |
-and 3, respectively, of relay 83CR -and from 'the

contacts of those relays conductors extend to
-armatures f and 2 .of the relay 82CR from the
contaects .of which a coenductor extends to arma- -

ture 1 .of relay 85CR. 'Thus this. chain conszsts

18

16

::ground will be connected -through conductor 481
to conductor 183 when relay 82AR is also de-

energized and will be -cennected through -con-

ductor 182 to conductor {84 when relay 82AR is

energized. With relay 83AR energized ground
will be connected through conductor 28 to con-

ductor 183 when relay 84AR is deenergized and

will be connected over-conductor 186 to cc}nducter
104 when relay 84AR is energized.

The contacts associated with the armatures 3
and 4 of relay §8BR are.connected to ground and
conductors extend irom these armatures to the

front contact associated with armature 3-of relay

84BR and to the front coentact associated with
armature 3 .of relay 82BR, respectively. - From
armature 3 of relay 82BR, conductor 108 extends
into Fig. 3 and connects with a conductor 108.

From armature 3 of relay 84BR conduc-

bor il extends into Fig. 3 -and connects with

20 | _ . |
~rangement ground may be supplied through

the conductor [08. By means -of a similar ar-

~ either of the armatures 3 and 4 of relay 85CR

and throun‘h an armature of relay 84CR or an

- armature of relay 82AR to conductors 112 and '_

of armatures and contacts of relays 83CR, 82CR

and - -85CR in that order from conductors 44C and
49C to conducter -88.
- chain circuits -established by each of the first
two sets -of relays, namely, 81AR to 85AR and
81BR to 85BR, it was noted that when both of
the first two relays of any one -of the chains were
energized or were deeneregized the connection was
from conductor 44 to the distributor code seg-
ment conductor, and that when either of the first
two relays of .any chain is energized and the
other is deenergized the connection is from con-

ductor 42 to the distributor code segment con-

ducter. This arrangement is :also true of the
;,ch:a,irn comprising armatures and contacts of re-~
lays 8ICR, 84CR and 85CR but is not true of the
chain comprising armatures and contacts of re-
lays 83CR, 82CR and 85CR. In the latter chain
‘the connection from .conductor 44 to conductor 68
is established only when relay 83CR is deener-

Tn connection with the

30
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gized, with relay 82CR either energized .or deen-

ergized and is established from conductor 49 to
~conductor 68 only when relay 83CR is energized

with relay 82CR either energized or deenergized. -

The relays 8{DR. to 85DR and 8IER to B83ER pro-
wvide still other arrangements of chain circuits

for estabhshmg connections between both of the

conductors 44 and 49 and the distributor code
These will not .

segment conducters 68 and Ti.

be described in detail except to identify the con~

- ductors 44D and 48D which enter the chains pro-

- vided by the relays 8iDR to 85DR and the con-

ductors #4E and 49E which -enter the chain cir-
(3i)

cuit provided by the relays 81ER to 85ER.
‘Referring again to the relays 81AR to 8§5AR,

it will be noted that the contacts associated with

~the -armatures 3 and & of relay 85AR are con-

nected to ground. The armature 4 is connected

to the-contacts associated with armatures 3 and
- & of relay 82AR. The armature .3 of relay 83AR

is connected to the contacts associated with the
‘I'he arma-

armatures 38 and 4 of relay 84AR.
fures 4 and 3 of relay 82AR are connected {0 con-

ductors 161 and 102, respectively, which extend ;

into Fig. 3 and connect with conductors 182 and
104. Conductors 1066 and 107 extend from the
armatures 4 and 3, respectwely, of relay 84AR

into Fig. 3 and connect with the same conductars_
85AR.. deenergized

103 and 104. - With relay

iy,

o

tors
group of five jack sbring elements of multiple

- 113 which extend into Fig. 3 and connect with o
-cenductor 114, |
plied from the armatures 3 and 4 of relay 85DR
through a front contact and armature of Telay

Similarly ground may. be sup-

84DR to conductor 116 'Whlch connects to con-
ductor 17 and through the outermost armature -

~and front contact -of relay -$3DR to co*qductm |

{18 which also connects to ct}nductor 117,

Conductors 103, 1064, 199,

14 ang 147 extend

'mto Big. 4 and connect to the uppermost five

single circuit jack spring elements of s multiple

jack {18 'Wthh has twenty such single circuit
- Jack spring elements.
Jack elements of multiple jack {i8 are arranged
to receive the ten single circuit prongs of a mul-

The uppermost ten -of the

tiple plug (19 which has each of the Prongs of

- the uppermost five prongs connected to one of
- the prongs in the lowermost group of five.

S:av..
eral of the plugs (19 having different arrange-

ments of interconnection between the upper and
lower groups of five prongs may be employed for

varying the connections extended from conduc-
1G3, 104, 109, {14 and 147 to the second

jack {18, The jack spring elements of the sec-
ond group of five counting from the ton are con-
nected by conductors 1214, 122, 122 i24 angd 125
to the brushes assocmted mth contact banks
125A to 125K of a stepping switch which is oper-
ated by stepplnsr magnet 125. The steppin

.smtch has a sixth bank designated 125F, The

stepping switch comprising contact banks 125A
to 128F may be of the same type as the steppine

switches shown in Figs. 2 and 3, the contact
banks consisting of twenty-two contacts.

HWach
contact of each of the contact banks 12EA to

(25E is connhected to one of five- conductors desig~
nated 126, 127, {28, 129 and 129. The arrange-
ment of cannectmns from . the contacts to the

five conductors is different for each contact bank

and it is not necessary for each bank to have
the same number of -contacts connected to any

- «one conductor and in fact it will be found by
‘reference to Fig. 4 that the numbeér of connec-

tions from any one bank to any one of the five
conductors - varies- from one bank to another.
However, it is preferable that the distribution
of connections of contacts to the five conductors
be equal from which it will follow that each Con-

- ductor will be connected to twenty-two contacts.

25, 121,

Conductors { 2_3 129 and 130 are
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connected to the brushes associated with con-
- tact banks (31A to 13{E, respectively, of a step-

ping switch which is operable by stepping mag-

net 131 and which has a sixth contact bank desig-
nated (31¥F, The contacts of the five stepping
switch banks 131A to 131E are connected in a

manner similar to the contacts of stepping switch

banks 125A to 125E, but in different combina-
“tions, to five conductors (36, 137, 138, 139 and

140 which extend to the inner right-hand arma-

ture and to the four left-hand armatures of a
relay 141, These five armatures cooperate with
front contacts from which five conductors (46,
147, 148, 149 and (%0 extend to the lowermost
group of five single circuit jack spring elements
of multiple jack 118.
ten prongs which enter the ten lewer jack ele-
ments of multiple jack ({8 and each of the lower

A multiple plug 12! has

10

five prengs of plug 181 is connected to one of the

upper five prongs of that plug. Several plugs
having different connections as between the lower
five and the upper five prongs may be empleyed

20

for varying the connections between conductors

146 to 150 and the third group of five jack ele-
ments of multiple jack (8, counting the groups
from the top. From these five jack elements
conductors 1614,
Fig. 3 and connect individually to one terminal of
- each of the stepping magnets 81 to 85, the other
terminal of which is connected to battery. It
will be apparent that as conductors 183, {04, 1069,
{14 and {17 receive ground connection selectively
under the control of certain of the relays con-
trolled by the stepping switeh banks in Figs., 2
and 3, such ground connections will be extended
to certain ones of the conductors 121, 122, 123,
124 and 125 depending upon the arrangement of
interconnection of the prongs of plug (19, then
to certain ones of the conductors 128, 127, {28,

128 and 130, depending upon the position of

the Dbrushes associated with stepping switch
banks 125A to (125K, then to certain ones
of the conductors (38, {37, {38,
depending upon the position of the brushes
‘associated with the stepping switech banks
(31A to 121{E, through the inner right-hand and
the four left-hand armatures of relay (4{ when
that relay is energized, through conductors 146,
4T, {48, 148 and 150 to certain ones of the con-
ducters 6, 162, 163, 164 and 165, depending

139 and 140,

162, {63, 164 and 165 extend into
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upon the arrangement of interconnection of the

prongs of multiple plug {51, through the wind-
ings of certain ones of the stepping magnets 81
to 856 (Fig. 3), to batiery to cause the energiza-
tion of the stepping magnets. The energization
of the stepping magnets will occur upon the en-
ergization of relay {41, and the release of the
stepping magnets upon the release of relay 41
will cause the stepping switch brushes controlled
thereby to advance one step, since these stepping
- switches are of the type which advance the
brushes on the back stroke or release of the
stepping magnet,

One terminal of relay f4{ is connected to
grounded battery and the other terminal is con-
nected to conductor 142 extending into Pig. 1 and
there connecfed to one contact of a normally
open contact pair 143, the other contact of which
is connected to ground. Contacts 143 are oper-
able by a cam {44 carried by the driving shaft
54 of distributor 31 and the cam {44 is arranged
to close contacts 143 after the brushes have trav-
ersed the start segment 47 and to permit the con-
tacts {143 to open just before the brushes encounter

the stop segment 46. From this it will be ap-

HH
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‘parent that the stepping magnet in Fig. 3 will
be energized prior to the transmission of the first

code impulse of a code combination and will be
released to effect the advancement of the step-
ping switch brushes after the transmission of the
last code impulse of a code combination has been
initiated, so that the cipher coding relays will
not be dlsturbed during the c1pher1ng or de-
ciphering of a code.

- The outer right-hand armature of relay 141
cooperates with a front contact which is con-
necited to ground and the armature is connected
Ly conductor {32 to one terminal of the winding
of sftepring magnet 125 the other terminal of
which is connected to grounded battery. Thus
each time the relay 14] is energized the energiz-
ing circuit of stepping magnet 125 will be com-

pieted and upon the release of relay 141 stepping

magnet 125 will be released to effect the advance-
ment of the brushes associated with stepping
switch banks 125A to [25F, concurrently with
the advancement of the brushes of the stepping
switches shown in Figs. 2 and 3.

The stepping magnet 13{ has one terminal con-
rniected to grounded battery and the other terminal
connected to the middle right-hand armature of
relay 141. From the front contact with which
this armature cooperates conductor 133 extends
through Fig. 1 into Fig. 2 to the front contact of
a relay 134, the armature of which is connected
to ground. One terminal of the winding of relay
134 is connected to grounded batiery and the
other terminal is connected by conductor 166
extending into Fig. 1 to one contact of a nor-
mally open pair of contacts {67. Contacts 167
are closed at the same time as contacts 143 by
cam 144, 'The other contact of the contact pair
157 is connected by conductor 168 extending into
Fig. 2 to one terminal of the lower winding of
relay 92, the other terminal of which is con-
hected to the single contact with which the ar-
mature of the relay cooperates. The armature
of relay 92 is connected by conductor 169 ex-
tending into Fig. 3 to the front contact associ-

5 ated with an armature of relay 85ER. This

armature is connected by conductor 171 to the
front contact associated with an armature of re-
lay 84ER. This armature is connected by con-
ductor (12 to the front contact associated with
an armature of relay 83ER which is connected
fo ground.

From the foregoing it will be agpparent that
when relays 83ER, 84ER and 85ER are energized,
ground connection will be extended over con-
ductor 169 to the armature of relay 92. If
the armature of relay 92 is operated into
engagement with the right-hand contact, the
ground connection will be extended through the
lower winding of relay %2 and over conductor
168, through the contacts 167 when closed and
over conductor 166 and the winding of relay 134
to grounded battery so that relay 134 will be en-
ergized in series with the lower winding of relay
92, which is a holding winding. With relay 134
energized ground connection is extended over
conductor 133 to the middle right-hand front
contact of relay 141 which will be energized since
when contacts 167 are closed, contacts 143 are
also closed, and through the middle right-hand
armature of relay 14| and the winding of step-
ping magnet 3! to grounded battery. When
contacts 143 reopen and relay 141 is released the
energizing circuit for stepping magnet 131 is
opened and the magnet advances the brushes
associated with the stepping switch banks 13(A
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to 131 to the next contacts.
Steppmg magnet (3l to ef
of its associsted brusaes is thus chserved to be

The operation of

I_

dependent upon two factors which do. not have

cyclic occurrence, namely, the operation of the
‘armature of relay 92 i: 1to engagement with its

‘right-hand contact and the energization of re-

lays 83ER, 84ER and 85ER, Other factors also

 of distributor 31,
‘ect the advancement

20

conductor 29 lockmg winding
of relay 16 and resmtor 26 to G'I'Oll"ld The wind-
ings: of relay .92 are pelar:and when the circuit
is as traced with the upper terminal of the upper

winding of relay 92 at the marking battery po-

~ tential and the lower terminal counected to the

involved which do have cyclic occurrence and

are introduced for timing purposes are the prep-

aration of the energizing circuit of relay (34 at
the cam-operated contacts {67 and the com-
- pletion of the energizing circuit of rela,y IM a,t
the contacts 143. |
- The operation of relay 1"*2 to complete the en-
ergizing circuit for relay (34 is dependent upon

the occurrence of a marking impulse as the sec-
ond code impulse of plain text code signals, by
which is meant cede signals before being ciphered

or after being deciphered. The requirement that,

10

path to ground, the winding is energized in the
direction to drive the armature to the single

‘right-hand contact to complete the energizing

circuit for relay (34. The circuit. includes the
lower- or locking winding of relay 82 which be-
comes energized to- hold the armature on the
right-hand contact. The locking winding of re-

" lay 92 is subordinate to each of the other three

windings so that upecn the energization of cne of

- them in the direction to restore the armature to

relays 83ER, 84FER angd 85ER be energized in

~order to extend 2, ground connection through

 to the armature of relay 92 provides that relay

134 shall be energized only in response to some
- of the occurrences of a marking impulse as the

second. impulse of text code. 'The reason for this

25

is that in a permutation code one-half of the

_ _tatal 11L1mbﬂr of available codes will have the sSeC-

ond- jrapulse of marking nature so that if the

| 'ste;apmg magnet 131 were controlled solely in ac-
cordance with the operation of relay 22 the av-

30

erage frequency of operation of the stepping

magnet would be once for each two codes re-
~ ceived or transmitted.
stepping magnet {3{ shall operate less frequently
‘than this since the stepning magnet {25 oper-
ates to &dvance its associated brushes once for
each code combmatmn received or transmitted.

By supplying the grmmd connection for operat-

ing stebping magnet- 1231 through armatures and
front contact of the three relays 83ER

ping magnet 131 will be once for every eight
chavacters recewed or transmltted

The operation of relay 92 will now be described .

and the situaticn involved in the transmission of

It is preferable that the

iR, 84ER and
85ER, the average freguency of operation of step-

35

its left-hand position, the locking winding. will

' not prevent such restoration. It -merely holds the
“armature on the right-hand contact to held relay

{34 energized until that relay is released by the

opening of contacts §67 so that the circuit of -

stepping magnet 131 will not be interrupted and
the brushes associated therewith stepped until
after the transmission of the last code impulse of

3, code combination has been initiated. Relay §2
preferably has bias which may be either me-
chanical or electrical but which should, however,

be subordinated to all of the four windings shown, "

including the holding winding, tending to restore

the armature to its left-hand position so that

after being operated to the right-hand position
and held there until after the last impulse of a

code has been 1n1t1ated the armature will be re-

stored to the left-hand position upon the inter-

Tuption of the holdmfr circuit and will not remain

. in the right-hand position until one of the upper
three windings becomes energized in the direction
. to 'drive the armature to its left-hand position.
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Thus the armature of relay 82 will remain in the
riecht-hand position only during the remainder of

“a cycle of distributor 31 in which it was operated

“to that position due to the occurrence of the

gsignals to & distant station will first ke consid-

ered, this involving signals
transmitting contacts {3.
noted with reference to signal transmission. One

generated

ig that the input relay {6 directly follows te’xt_'

code signals generated by the transmitting con
tact 13. When a marking signal is generated, re-

lay 16 goes to marking in response thereto. The
other is that each time the transmitting contacts

{3 are operated to generate a signal contacts 83

are closed and complete the energizing circuit for
relay 91 . (Fig. 2),

their front conta cts Assume that relay 18 is in
-marking condition for the second impulse of a

. code signal and that the relays 8/BR to 85BR
are energized in combm ation to interconnect con-

~ductors 44 and A4B8. The circuit is traced from
negative battery on the markmg contact of relay
(6 through conductor 37 to the br1dge corher 28,

through the branchmg paths of the bridge net— |

‘work rejoining at bridge corner 43 through con-
ductor M front contact and outer left-hangd
armature of relay 9!, conductor 44B, armatures

“and contacts of certain of the relays 8IBR to
85BR, conductor §TB, uppermost winding of re-

lay 92 entering at the top of the winding and

leavmg at the bottom of the winding, front con-
tact and inner left-hand armature of relay 8f,
conductor -.5??___'-181@._2. code segment and inney ring

d by the
Two facts are to be

so that its armatures engage

marking impulse as the second 1mpulse of a text -
" code combination. -

If ot the time that the relay 16 was operated.

to marking in response to the second impulse of
the .code signal being generated the relays 81BR

to 88BR had been energized in such combinations
as to connect conductor 67B to conductor 498,

3 the circuit would be traced from the armature. of

relay 16 through the branching paths of the
bridee network from the bridge corner 38 to the
bridge corner 28 and then over conductor 49, the

- front contact and right-hand armature of relay

91 to conductor 48B then to conductor €1B

- through the armatures and contacts of the second

oy
o

row of cipher coding relays in Fig. 2 and then to

“the upper terminal of the upper winding of relay

92 the same ag before. It makes no difference
whether: the circuit from the marking contact of
relay 18 is completed over conductor 44 or over
conductor 49 the battery polarity applied to the
upper winding of relay 52 will be such as to drive
the armature to the right-hand position. When

. the second impulse of the code generated by
- transmitting contact 13 is of spacing nature, the

circuits, traced over conductor 44 or conductor
43, depending upon the condition of the second

- row of cipher coding relays in Fig. 2 will be the
“same but the polarity applied to the upper wind-

ing of relay 92 will be reversed, ground being con-.
nected to the upper terminal of the winding and

- negative battery being connected to the lower

-
Y

terminal of the upper winding through the lock-
ing winding of relay (6. The upper winding of
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relay 82 will thus be energized in the opposite di-
rection, tending to drive the armature to its left-
hand position to which it has already been opel-
ated by its mechanical or electrical bias.

The operation of relay $2 in response to re-
ceived signals involves a difierent problem. Re-
lay 16 is not now responding to text code signals
but is responding to ciphered signals and these
signals are deciphered so that the plain text sig-
nals appear at relay {1. Accordingly, it is neces-
sary to operate the armature of relay 92 to its
right-hand position when relay {7 is driven to
marking for the second impulse of g received code
combination. 'This ig accomplished by the two
middle windings of relay 92.

~When signals are being received, contacts 83
are not operated so that relay 891 remains deener-
glzed For an understanding of the operation of

relay 92 by its two middle windings it is necessary

~ to remember that when the circuit of the operat-
ing winding of relay {7 is completed from the
marking contact of relay 16 over conductor 48,

the armature of relay {71 goes to spacing, that

“when the circuit is completed from the spacing
contact of relay 16 over conductor 44 the arma-

ture of relay 7 goes to spacing, that when the

circuit is completed from the spacing contact cf
relay (6 over conductor 48 the armature of relay
{71 goes to marking, and that when the circuit is
completed from the marking contact of relay 16
over conductor 44 the armature of relay {7 goes
to marking.

. 22:

of relay 18 and resistor 21 to the negative ter-
minal of battery 28, the positive of which is

- grounded. The circuit arrangement and battery

1
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polarity are such that the armature of relay 17

1s driven to spacing from which it follows that
the armature of relay 92 should not be operated to

its right-hand position. Accordingly, it may be

stated that with ground on the right-hand ter-

minal of the second winding of relay 82 and neg-

ative battery on the left-hand terminal the mag-
netic field generated is in the direction tending
to drive the armature to the left-hand position.

- For the third condition the circuit path is iden-

tical with that described for the first condition but

the battery polanty is reversed so that groundis

connected to the lower terminal of the third
winding of relay 92 counting from the top and

‘negative battery is connected through the locking.
winding of relay 16 to the upper terminal of the

third winding of relay 92. This causes the arma-
ture of relay 82 to be driven to the right-hand
position which prepares or completes the ener-
gizing circuit for relay {34 as the case may be.
The circuit arrangement and battery polarity is
such that the armature of relay 17 is drlven to
the marking contact. =

For the fourth condition the circuit connections

- are the same as those described in connection

3{j

Taking the first of these fo-ur conditiong the

circuit is traced from the marking contact of relay
- 16 over conductor 37 to the bridge corner &8,
through the two branches of the bridge network

- rejoining at the bridge corner 48, then over con-

ductor 49 to the lower terminal of the third wind-
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ing of relay 92 counfing from the top, then from

the upper terminal of this winding through the
back contact and rlght hand armature of relay 9!
to conductor 49B, through armatures and con-
tacts of the second row of cipher coding relays of

rig. 2, conductor $1B to the back contact and in-

ner left-hand armature of relay 91 where the
circuit of the uppermost winding of relay 92 is
now open, conductor 67, No, 2 code segment and
inner ring of distributor 31, conductor 28, locking
winding of relay 16 through resistor 26 to ground.
The armature of relay i7 is caused fo go to
spacing when the circuit and battery polarity is
as thus traced, from which it follows that the
second impulse of the deciphered text code is of
spacing nature and the armature of relay 92
should not be operated to the right-hand position.
Accordingly, the third winding of relay 92 is so
polarized that with negative battery connected
to the lower terminal of that winding and ground
connected to the upper terminal the magnetic
field produced by the winding tends to drive the
armature to its left-hand position, which posﬂ',mn
it already occupies. |

PFor the second condition the circuit is traced
from ground con the spacing contact of relay {6
through conductor 371 to the bridge corner 38,
then through the branching paths of the bridge
" network to bridge corner 43, then over conductor
44 to the second winding of relay 92 entering at
the right-hand terminal and leaving at the left-
hand terminal thereof, through the back contact
and outer left-hand armature of relay 81 to con-
ductor 44B, to conductor 6§1B through armatures
and contacts of relays 8/BR to 85BR and from

this point over the path traced in the preceding

40
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with the second condition but the battery polar-
ity is reversed, negative battery being connected
to the right-hand terminal of the second winding
of relay 92 and ground being connected through
the locking winding of relay (6 to the left-hand
terminal of the second winding of relay 82. This
causes the armature of relay 92 to be driven to

the right-hand position and the armature of relay

i T to be driven to the marking contact.

Figs. b and 6 show apparatus which in coopera-
tion with the stepping magnets 81 to 85, 131 and
25 and with the sixth contact bank of each of
the stepping switches, designated 8{F to §5F, I3
and 20F, provides for selectively adjusting the
stepping switches shown in Figs, 2 and 3 and the

~left-hand stepping switch in Pig. 4 to any of a

plurality of starting points and for adjusting the
brushes of the stepping switch at the right of Fig,
4 to the No, 1 contact as a starting point. Re-
ferring first to Fig. 5 a group of seven jacks 201
each having tip, ring and sleeve contacts have
those contacts connected to twenty-one of the
twenty-two contacts of stepping switch bank 81F.
These connections may be made to contacts 1 to
21, inclusive, of the stepping switch bank or they
may be made to contacts 2 to 22. It is of no con-
sequence which one of the contacts of bank §iF
is left unconnected but at all stations it should be
the corresponding contact. Similarly twenty-one
of the contacts of bank 82F are connected to the
twenty-one contacts of seven jacks 202, twenty-
ohe contacts of bank 83F are connected to the
twenty-one contacts of seven jacks 203, twenty-
one of the contacts of bank 84F are connected to
the twenty-one contacts of seven jacks 204,

twenty-one of the contacts of bank 85F are con- -

nected to the twenty-one contacts of seven jacks
205 and twenty-one contacts of the stepping
switch bank {3IF (Fig. 4) are connected to the
twenty-one contacts of seven jacks 206 (Fig. 6).
By means of three patching cords, each having
three conductors and provided at both ends with
three-circuit plugs, connection may be made from
any selected three of the jacks 201 to three jacks
211. From the ring contact of the uppermost
jack 211, from the sleeve contact of the middle

paragraph to ground through the locking winding 78 one of jacks 211 and from the tip contact of the




lowermost jack 211, individual connections ex-
tend to conductors 221, 222 and 223, respectively,
in Fig. 6. In addition, a connection is extended

. 9,405, 570
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contacts from Which ccmductors BIV 82V, 83V,

- 84V, 83V,

from  the lower or ground terminal of stepping |

magnet 81 over conductor 2i9 into Fig. 6. Other
sets of three jacks are designated by the reference

numerals 202, 2i3, 214, 215 and 216. The ring
contact of the upper, sleeve contact of the mid-
dle, and tip contact of the lower of jacks 212
- are connected to conductors 225, 227 and 228, re-
spectively, in Fig. 6. 'The lower or ground ter-
minal of stepping magnet 82 is connected to con-

- &

10

ductor 225 which extends into Fig. 6. Similarly,

the ring contact of the uppermost jack 213, the
sleeve contact of the middle jack 2i3 and the
tip contact of the lower jack 2{3 are connected
to conductors 231, 232 and 238, respectively, in
Fig, 6. The ground terminal of stepping magnet
83 is connected to conductor 234 whlch extends
into Fig. 6. |

- Ten manually operable keys 237 are assocmted
with the conductors 219, 224, 222, 223, 225, 228,
227 228, 231,
of the keys 237 has three pairs of normally open
contacts.

232, 233 :a',rl'd '234 in Fig, 6. E‘ach

Considering first the lower pairs of
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85FR,
-~ between the conductors 82V, 83V, 84V, 85V, 13IV

- B3P,

131V ‘and 125V extend through the
mterruptel contacts of stepping magnets 81, 82,
23, 84, 85, 131 and 125, respectively, to the ground-

terminals of those magnets.

- A relay §{FR has one termlnal connected to
the conductor 8{V and the other terminal con-
nected to the brush associated with stepping
switch bank 8i{F. Relays 82FR, 83FR, 84FR,
[2IFR and [25FR are similarly connected

and 25V, respectively, and the brushes associ-
ated mth stepping switch banks 82F, 83¥, 84r,
121 and 1258, respectively. Each of these
relays has a single armature and front contact.
The front contact of relay 8IFR is connected to
one terminal of lamp 251, the other terminal of
which is connected to ground. From the arma-
ture of relay 8{FR a series or chain circuit, open
at the armature and front contact of each of the

- other relays, extends through to the front con-

20

contacts, one contact of each pair is connected

to conductor 219 and the other contact of each
pair is connected to one of the three conductors

221, 222 gnd 223. In the specific arrangement

' shown in Fig. 6 four of the other contact springs -

are connected to conductor 221, three are con-

nected to conductor 222 and three gre connected

‘to conductor 223. OCf the middle pairs of con-
tacts one contact of each pair is connected to
conductor 225 and the other contact of each pair
is connected to one of the conductors 226, 221

and 228. Of the upper pairs of contacts, one con-

“tact of each pair is connected to conductor'?:id

and the other contact of each of the pairs is con-

nected to one of tne conductors 23i 232 and

233.

i31. The connections from the contact pairs of

-~ keys 238 to the twelve conductors with which

- the keys are associated have been shown as cor-
responding to the connections from the con-

tacts of keys 237 to the twelve conductors with

A second set of ten keys 238 is mmﬂaﬂy 2SSO~

- . ciated with twelve conductors, nine of which ex-
- tend from contacts of jacks 214, 215 and 216 and

the remaining three of which extend from the

ground terminals of stepping magnets 84, 85 and

4.0
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tact of relay I(25FR which is connected to
grounded battery. The last contact in stepping:

switch bank i25F is connected to the ground side

of stepping magnet 125 and no other contact 1n'
that bank has any connection. |

For the- purpose of describing the c«pera,tmn of
establishing starting points for the stepping
switches, several assumptions will be made. It
will be assumed that patching cords are connect-
ed from the three jacks 21f to the uppermost
three of the jacks 201, that patching cords are

- connected from the Jacks 212, to the middle three
-of the jacks 282, which would be the third, fourth
and fifth of those jacks counting from the top -

and that patching cords are connected from jacks
213 to the lower three jacks of the group 203.
Patching cords will also be connected from the
jacks 244, 215 and 216 to three jacks in each of
the sets 204, 205 and 206 but the conductive paths
established thereby will not be traced in detail
since the mode of operation will be fully exem-
plified by the description relative to the jacks for.
which specific connections have been assumed.
It will also be assumed that the extreme left-hand

one of the keys 237 is operated, these being lock-
ing keys, and that some one of the keys 238 is
operated.

A control circuit may now be tra,cﬁd from the
lower or ground terminal of stepping magnet

- 81 over conductor 2{8 through the lower pair of

which they are associated. It is necessary that

the connections be alike only as regards.the three
conductors extending from the ground terminals
of stepping magnets 84, 856 and 131 but as to the
connections to the conductors extending from the
jacks 214, 215 and 246 the agrrangement may be
different ,and in actual practice would probably
be different. It should be noted also that the
recitation of connections from conductors 221, 222,
223,226, 227, 228, 231, 232 and 233 to specific con-
tacts of Jacks 211,
of example in order to enable circuits to be traced
over which the keys 23T effect a control, and
that in practice the connections between any
one set of conductors, such as the conductors 221,

2E2 and 213 is solely by way

bd

contacts of key 231, now closed, conductor 221 to

the ring contact of the uppermost one of the jacks
2i1, through the patching cord assumed to be
connected from the uppermost jack 21{ to the

- uppermost jack 28{ and through the ring con-

tact of the last-menticned jack to the twentieth

- contact of bank 81F, assuming that the tip con-
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tact of the uppermost jack 281 is connected to
the twenty-first contact of bank 8§IF and the -

sleeve contact of the lowermost one of jacks 20
is connected to the No. 1 contact of bank 8iF,

the other contacts of the jack 28{ being connect-

~ ed in order from bottom to top around the step-

65

- 299 and 223, and the contacts of the jacks to '

which they are connected, in this case the Jacks
241, may be transposed,. |

As shown in Fig, 6, a normally open key 241
has one contact connected to ground and the
other contact connected to one terminal of a re-
lay 282, the other terminal of which is connected
to grounded batiery.
tures all connected ta ground and seven front

Relay 242 has seven arma-.
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ping. switch bank 8{F in the direction of rota-
tion of the brush as indicated. Since the brush
associated with steppilng switch bank 81F is prob-
ably not engaging contact No. 20 at this time, no
circuit will be completed over this path as a di-
rect result of the operatmn -of the extreme left-

hand key 231.

A second conductive path may be traced from
the ground terminal of stepping switch 82 over
conductor 225 through the middle pair of closed
contacts of the left-hand key 237 to conductor

}
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228 which, as previously stated, is connected to
the tip contact of the lowermost jack of group

212, The path is extended over the patching cord

which is connected to the fifth jack in group
202 and as the tip contact of this jack is the
ninth jack contact counting from the bottom,
it is assumed that the path extends to tr‘le No. 9
contact of stepping switch bank 82%,

A third conductive path is traced from the
ground terminal of stepping switch 83 over con-.

- ductor 234 through the uppermost pair of con-
tacts of the left-hand key 237 to conductor 233
to which the t1p contact of the lowermost jack
in group 213 is connected. The patching cord
extends to the lowermost jack in group 283 and
the path is extended over the tip contact of this
jack to the No. 3 contact of stepping switch bank
83F since the tip contact of the lowermost jack
is the third contact counting from the bottom.

The particular one of the keys 238 which has

been operated complefes similar conductive paths
from the ground terminals of stepping magnets
84, 85 and 131 to a contact in each of the step-
ping switch banks 84F, 85F and (3!F. When

one key in each group in Fig. 6 has heen oper- :

ated, the advancement of the stepping switch
'brushes to their start positions as selectively de-
termined by the particular ones of the keys that
are operated and by the arrangement of the

patching cord is initiated by the operation of key 3

241 which completes the energizing circuit for
relay 242, and which must be held while the

10
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| 'brushes_are being advanced. Ground is applied

through the armatures and front contacts of re-
lay 242 and over the conductors 81V to 85V, 131V
and {25V, to energize the several stepping mag-
nets through their interrupter contacts.
stepping magnet is energized, it opens the inter-

rupter contact to open its own energizing cir- . .
10

cuit thus permitting the stepping magnet to ad-
vance its associated brushes and to release its
interrupter armature which recompletes the en-
ergizing circuit so that the stepping switch

brushes are advanced by buzzer operation of their -

- stepping maghnets. Assuming that the brush as-
soclated with bank 8IF is the first to reach the
contact to which a conductive path has been ex-
tended by the left-hand key 231, namely, the

contact No. 20 of that bank, a circuit may be .

traced from grounded battery through the wind-
ing of stepping masgnet 8! over conductors 218,
lower contact of the left-hand key 237, conduc-
tor 221, ring contact of the uppermost jack of
group 211, patching cord, ring contact

brush of stepping switch bank 81F, winding of
relay 81FR, conductor 81V and front contact and

armature of relay 242 to ground. Over this cir-

cult the winding of relay 8IFR is placed in se-
ries with the winding of stepping magnet 81 in
shunt relation to the interrupter contacts of step-
ping magnet 81 so that the energizing circuit for
stepping magnet 81 is not interrupted as a result

of the opening of the interrupter contacts and

the brushes controlled by stepping switch 81 re-
maln in engagement with the No. 20 contacts of
their respective banks. The relay 8{FR becoming
energized prepares the circuit of lamp 251,

As the brush associated with each of the step-

pmﬂ* switch banks 82F to 85F, and (3IF reaches '

contacts to which a conductive path has been ex-
tended by contacts of keys 2237 or 238, substitute
‘energizing circuits for the stepping magnets are
established in shunt relation to the interrupter
contacts and including the relays 82FR to 85FR,

of the
uppermost jack in group 2014, contact No. 20 and ¢

As each
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and I31FR so that the stepping switch brushes
are arrested and the circuit of lamp 251 is fur-
ther prepared for completion. The brushes con-
trolled by stepping magnet (25 advance until
they reach the last contact whereupon a sub-
stitute energizing circuit for stepping magnet 125
is completed to the last contaet and brush of

“bank {25F in shunt relation to the interrupter

contacts and including the winding of relay 123FR
which becomes energized. Thus the brushes con-
trolled by stepping switch 125 are Invariably
stopped on their last contacts.

The order in which the several sets of stepping
switch brushes will be stopped and the relays
3{FR to 85FR, I3IFR and {25FR become ener- .
gized will depend upon the distance the brushes -
must travel from the random positions which
they occupied hefore key 241 was closed to the
positions at which thevy complete substitute en-
ergizing circuits for their stepping magnets.
When the last of the relays has been energized
the circuit of lamp 258( will be completed and the

Jamp will be lighted. This serves as an indica-

tion that the brushes have reached rest positions
as selectively determined by the operated ones of
the keys 237 and 238, whereupon key 241 may be
released to permit the release of relay 242. Re-
lay 284 upon release removes the ground connec-
tions from the energizing circuits of the stepping

magnets and of the lamp controlling relays so

that the magnets and relays release, the magnets
advancing the stepping switch brushes one step
on the release stroke. This advances the step-
ping smtch brushes to the next step beyvond the
ocne at which they were arrested and in the case
of the brushes controlled by stepping magnet
{25F the brushes are brought into engagement
with the No. 1 contact as the starting point.
From the standpoint of operating routines, the
changmg of connections where there is provision
for such changes may be made once each day,
such as upon the starting of the day’s business
in the morning, or more frequently if it iIs
thought that greater assurance of secrecy is
needed. Such changes may involve changing
the locations of plugs such as the plugs §ICP,
85DP and 83EP through which connections from
the stepping switch banks to the cipher coding
relayvs are established, substitution of other plugs
for the plugs 119 and (51 in Fig, 4, and in con-
nection with the establishment of new starting
points for the stepping switches, the rearrange-
ment of the patching cords with reference to
the jacks shown in Figs. 5 and 6. New starting
points for the stepping switches may be estab-
lished as frequently as is desired under the con-
trol of the keys 237 and 2328 and must he estab-
lished before intercommunication can be had in
cipher between any two stations where a sys-
tem involves a plurality of stations of the type
shown in Figs. 1 to 6, inclusive, any two of which

may be interconnected through a central switch-

ing station. With the two stations that are in-
terconnected for intercommunication having
their stepping switch systems out of phase there
can be no cipher transmission between them and
it is necessary to transmit in plain text such in-
formation as will enable them to adjust their
stepping switch systems to the same starting
points. If the keys 23T and 238 have preestab-
lished identifying symbols, the necessary step-
ping switch phasing information may be trans-

‘mitted in plain text without fear of its being used

by an unauthorized person to ¢ondition decipher-
ing apparatus to intercept ciphered message
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fransmission. All. elements which may be in-
volved in 1nterchenge and substitution of appa-
ratus, such as jacks and plugs,
| estabhshed identifying symbols so that all infor-
mation necessary to condition ali stations in the

may have pre- .

28

' 3!3 then througn contact 2 Whlch normally en-

- system to intercommunicate in cipher may be

fransmitted to &nd between e,ll statmns 111 plam
text code.

Fig. 8, Whlch as mdlcated in. the dlagram of |

| arrengement of the sheet of drawings in Fig. 7,

309 and 311,

gages contact 3, conductor 3084, back contact and
armature 2 of a relay 368 Wthh at this time is
deenergized, back contact and armature I of a
relay 307 Which_ is also deenergized at this time,
conductor 308 and over branching parallel paths
Conductor 389 extends to one ter-
minal of the operating winding of relay 30f, the

~other terminal of which is connected to the neg-

1o

~may be substituted for Fig. 1, discloses a. modified

- form of transmitting dlstrlbuter which may be
employed instead of the mechanically driven dis-

tributor 31 of Fig. 1 and which is entirely electri-
In Fig. 8 the tlansmlt— .

cal, consisting of 1elays
tlng and receiving printing telegraph set iden-~
tified by the reference numeral {1,
been omitted solely because of lack of space in

Fig. 1, haSj

‘which to show it, but it will be understood that it

1s required for initiating and receiving signals in
- the. same ma,nner as in the system shewn 11:1
Fig. 1. |
The sisnal responswe relay 16. and 51gnal gen-

erating relay 11 are shown in the lower right-
hand corner of Fig. 8 and operate in the same
manner fto cipher and decipher telegraph sig--

" nals. Where elements identical with those in
Fig. 1 appear in Fig. 8 the same reference nu-
" merals have been employed. Thus the poten-

tial dividers for the operating and locking wind- 30

ings of signal responsive relay i6, the elements
of the bridge network with which the operating
- winding of relay I7 is associated and the bridge
corners of that network, the potential divider for

the locking winding of signal generating relay (T

and the conductors extending from the two ends

of the operating winding of relay {7 to the cipher’

relay circuit in Figs. 2 and 3 have been so identi-

fied. The conductors 66, 67, 68, 69 and T which |

extend from the cipher relay chain circuits in

20

- contact of relay 16G.
the operating winding of relay 39f overcomes the
opposing biasing winding and moves the arma-

25

ative terminal of battery 312, the positive termi-

nal of which is grounded. Before the relay i6

moved t¢ its spacing contact the negatlve bat—

“tery on its marking cente,ct Was in OpOSlthl’l to

the battery 312 so that the operating winding

- of relay 281 was not energized. The battery.con-

nection on the end of the conductor 3ii Wthh "

- is in paraliel with conductor 389 is negative, as
will appear later, so that the operating winding -

of relay 30! is not energizable over conducto»r 31
but only over conductor 368 from the spacing
‘The energizing current in

ture of the relay. to its rlght he,nd contact, Whleh
nas no circuit connection. | _'
The left-~ hand contact of relay 391 Wthh the-

. armature normally engages, is cennected to one

- terminal of the operating Wmdmg of - relay 302,
. the other terminal of which is eenﬂected {0 neg-~ .

ative battery 313. The armature of relay 381

is connected through resistor 344 to ground, so |

~ that the operating winding. of rela,y 362 is nor—

mally energized and holds . its armature in en- '

- gagement with the-left-hand contact, which has

35

no circuit connection. The terminal of the op--

~ erating winding of relay 202 to which the left-

40

Figs. 2 and 3 are shown in Fig. 8 extending into

the relay distributor as will be specifically de-
- scribed hereinafter. A minor difference in the
relation of sighal responsive relay 16 to the
‘bridge network associated with relay 17 will be
noted in Fig. 8. Whereas in Fig. 1 conductor 37

from the armature of relay (86 extends to the

bridge corner 38 and the return circuit is over

conductor 29 to the locking winding of relay 16,

in Fig. 8 conductor 29 of the locking winding of
relay 16 exfends to the bridge corner 38 and, as
will be described later, the return circuit is over
- conductor 37 to the armature of relay (6. Thus
‘the bridge network has merely been located in
a different point in the circiit from the armature

of relay 16 to its lecking winding and in reverse

relation to the sources of operating current.

This necessitates employment of a signal gen-

- erating relay 17 polarized oppositely in both

windings from the pola,rlty off the relay l'i in "ﬁo

Hig. 1.
A rela,y clrcmt for eﬂ‘ectmg the transmlssmn

~of the start signal by relay [T independently of

the distributor is shown at the left of relay 17
in Fig. 8, consisting of relays 30! and 302. This
circuit corresponds to the circuit of relays 201
and 202 in Fig. 4 of the copending application of
K. A, Fiich et al. hereinbefore identified. The
~operation of this circuit will now be described.
When relay [6 is driven to spacing in response to

the start pulse of a signal generated locally and

to be ciphered, or received. frem a remote station

45
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hand contact of relay 381 is connected is also
connected through condenser 315 and resistor 317

to ground. Condenser 316 is normally discharged

but when relay 381 operates its armature to the
right-hand contact, charging current for con-
denser 316 flows throu h the operating winding
of relay 392 for an interval determined by the
capacity of condenser 818 and the resistance of
resistor 317, When the charging current for

condenser 3i8 dies out the operating winding of

relay 332 ceases to hold the armature on its. left-

‘hand contact and the biasing winding moves the

armature to the right- hand centact Whlch hes g
ground connectmn -
- The armature of relmy 302 is eenneeted te con-

- ductor 44 which enters the bridge network asso-

55

ciated with signal generating relay 1T at the
bridge corner 43. The direct grounding of con-
ductor 44 has the same effect as the previously
described completion of the circuit of the oper-
ating winding of relay (T from the grounded

spacing contact of relay I8 over conductor 44,
namely, to drive the armature of relay (7T to the

spacing contact whereby a spacing signal will

- be transmitted over conductor 32, and the cir- .

cuit. of the holding winding of relay {7 is com-

- pleted in such direction and polarity as to hold

65

‘the armature on the spacing contact upon the
removal of the ground from eonduetor ad.

charging of condenser 316 delays the epere.tmn

The

of the armature. of relay 302 to its right-hand

- contact and acceardmbly the initiation of the

70

. start impulse by relay: 1.

The delay interval
may be varied by .providing condenser 318 of

. different Velue and also by varying the value of

- resistance

and to be deciphered, ground. is connected from -

the spacing contact through the armature of re-
| I&y 16 over conductor 37 to centact 3 of g test key 7

e

i

341,

since selecting impulses will follow the start im-
ulse into the relay 16 in regular order but 1t'

There is s limit to the delay in .
1mtlat1ng the tre,nsmlssmn of the start signal
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may be desirable to delay the initiation of the
start impulse slightly in order to afford time in
which to start the sequence of operations in the
relay distributor circuit.

Besides completing the circuit of the operating
winding of relay 381 the relay 18§ in its spacing
condition completes a circuit over the parallel

conductor 311 through the lower or operating
winding of the start relay 321 of the distributor
circuit, conductor 322, springs 4 and 5 of key

303 which are normally engaged, to negative bat-
tery 323. The operating winding of relay 321
becomes energized and overcomes the opposing
effect of the biasing winding, thus moving the
grounded armature of the relay from the lefi-

hand contact to the right-hand contact which

- has no circuit connectmn

The left-hand contact of relay 321 is comlected '

through condenser 324 and resistor 326 to ground
and is ailso connected tihhrrough the lower or op-
erating winding of an orientation relay 3217.
circuit of the biasing winding of relay 347 in-
cludes a variable resistor 328 by means of which
the current in the biasing winding may be var-
ied to change the relative efiectiveness of the bi-

The

10

15

20

20

asing winding, which urges the grounded arma-~ -

ture of the relay to its right-hand position and
of the operating winding whicihh urges the ar-
mature {o its left-hand position.

- Before the armature of relay 321 becomes dls-
engaged from its left-hand contact the circuit of
the operating winding of relay 327 is completed
directly to ground on the armature of relay 321,
and the operating winding of relay 3217 is fully en-
ergized to hold the armature on its left-hand con-
tact. In this condition a circuit is completed over
conductor 231, armature | and back contact of
relay 386, conductor 332, contacts 1 and 2 of a
key 333 to a conductor 334. Conductor 3354 is con-
nected through resistor 336 to the negative termi-
nal of battery 337, the positive terminal of which

30

W
-

40

is grounded. Conductor 834 is also connected to -

the left-hand end of a series circuit including the
single windings of polar relays 338 and 339 and
the upper winding of polar relay 341. The right-

- lay 324

hand end of the series circuit is connected

through variaple resistor 342 and conductor 343
to conductor 344. Conductor 344 is connected
through resistor 345 to battery 337 and is also
connected to the left-hand contact of a polar re-
lay 347 which is normally engaged by its grounded

30

wmding, the armature of relay 327 is moved to
its right-hand contact. The interval between
the operation of relay 321 and the operation of
relay 321 may be lengthened by increasing the

“value of variable resistor 328, thereby reducing

thie current through the upper winding of relay
321 or may be shortened by decreasing the resist-
ance 348, thereby increasing the current through
the upper winding of relay 327. Varying this in-
terval represents orientatvion of the distributor
cycle with reference to the response of relay IB to
signals.

When the armature of relay 327 moves out of
engagement with its left-hand contact it removes
ground potential from conductor 334. This per-
mits relays 338, 239 and the upper winding of
relay 41 to become energized in a circuit from
battery 337 through resistor 336, conductor 334,
the series circuit of relays 238, 339 and the upper
winding of relay 2341 from left to right, resistor
342, conductor $43, conductor 344, left-hand con-
tact and armature of relay 347 to ground. It
also permits the lower winding of relay 341 to
become energized from battery 337 through re-
sistor 385, lower winding of relay 341 from right
to left, condenser 348, conductors 343 and 344,
left~-hand contact and armature of relay 347 to
ground. Relays 338 and 339 operate at once,
moving their armatures to their right-hand con-
tacts, but the operation of the armature of relay
¢4l is delayed because current through the lower
winding, charging condenser 348 opposes the op-
eration of the armature to the right-hand con-
tact under the control of the current in the up-
per winding, The current in the upper winding
may he varied by means of the variable resistor
342 to vary the interval during which the charg-
ing current for condenser 248 effectively opposes
movement of the armature to the right-hand
contact in the same manner that varyving the re-

- sistance 328 varies the time of movement of the

armature of reiay 327 to its right-hand contact
foliowing the operation of the armature of re-.
t0 its right-hand contact.

Before the armature of relay 841 has operated
to its right-hand contact, the relay 321 will have

- completed a circuit from its grounded armature

60

- armature so that conductor 344 is at ground po~

tential. Thus both ends of the series circuit in-
cluding relays 338, 339 and the upper winding of
relay o&f are grounded and no current flows
through this circuit. The lower winding of re-
Iay 341 has one terminal connected to grounded

315

conductor 334 and the other terminal connected
through condenser 348 and conductor 343 to

grounded terminal 3448 so that no current flows
through the lower winding of relay 241 and con-
denser 348 is discharged. |

Upon the operation of the armature of relay
32{ to its right-hand contact as a result of re-
sponse of relay {6 to the start signal, the direct
ground connection for relay 327 is removed but
energizing current for the operating winding of
that relay continues to flow, charging condenser
224, and the magnitude and duration of this cur-
rent are defermined by the constants of con-
denser 324 and resistor 326. When the charging
current has dropped to such value that the mag-

netic field produced by it in the lower winding of

relay 327 no longer successfully opposes the mag--

netic field produced by the current in the upper

60
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through its right-hand contact, conductor 358
and winding of relay 305 to grounded battery.
Relay 386 comrpletes a holding circuit for itself
from the right-hand terminal of its winding
through its armature 3 and front contact, con-
ductors 35f and 352, back contact and armature
3 of relay 387, conductor 353 and contacts 3 and 4
of key 333 to ground. Another ground circuit for
holding relay 306 energized may be traced from
cenductor 354 through conductor 354 and arma-
ture ¥ and back contact of a relay 355, Relay
358 is the last of a series of six counting and dis-
tributing releys and may or may not be ener-
gized af the instant that relay 308 becomes en-
ergized. In setting the apparatus in operation
preparatory to message transmission and recep-
tion after an interval during which the system
has been shut down and power has keen discon-
nected from the relays, relay 358 will be deen-
ergized at the time relay 305 becomes energized.
At the end of the frst signal combingtion trans-
mitted or received, relay 356 becomes energized
as will ke described later and remains energized
as wiil also be described later until after the re-~
lay 2386 has become energized in response to the

start impuise of the next signal combination re-

ceived or transmitted, so that ground will be dis-
connected from conductor 354 and only one hold-
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ing circuit for relay 306 will bhe estabhshed ini-
tially, namely, that provided on contact 4 of key

'333. For the present it will be assumed that relay

336 is not energized, the apparatus just having
been conditioned for operation after an  idle
permd during Wmch power was discopnected

- from the relay.

32

connected ovér conductor 3718, contacts 2 and 3
of key 303, and conductor 37 'to the armature of
signal responsive relay 6. Conductor 373 is a

feeder conductor for supplying positive or nega-

tive potentials from the armature of sighdl re-

sponsive relay 18 through distribution paths es-

- _tablished by certain of the counting relays, and

At its armature | and back contact the relay B

306 interrupts the conductive path fr rom the left-
hand contact of relay 327 to conductor 334. Re-

lay 327 will thus beé prevented from grounding

conductor 334, upon return of its armature to

its left-hand contact, as long as relay 2068 re-

- mains energized. At its armature 2 and back
~contact, relay 366 interrupts the path from con-

ductor 304, which is an extension of the arma-

ture. conductor 31 of relay (G, to the operating
windings of relays 321 and 321,

and discharges condenser 318, thus removing the

ground connection from conductor 24, relay 7T

remaining in its spacing condition under the con-

trol of ifs locking winding. Relay 321 restores

10

Relay 3981 re-
- stores the steady energizing circuit for relay 302

20

relay 317 is a timing relay for determining the.
length of the interval during which the positive
or negative potentials are apphed to the feede:l.

-conductor ai3.

Armature 3 Of relay 389 esta,bhshes a. holdmg

 eireuit for the relay over conductor 379 and the

front contact and armature [ of counting relay
358 to ground. It will be apparent from this that

when relay 398 subsequently becomes energized

the holding circuit for relay 363 will be inter-
rupted and that relay will be released. Armature
& of relay 369 establishes g conductive path from

feeder conductor 373 over conductor 381, arma-
ture 2 and back contact of relay 3568, conductor_

- 382, armature 4 and front contact of relay 369

the steady energizing circuit for the lower wind- -

ing of relay 2327 and discharges condenser 324.
Relay 321 removes ground potential from the en-
ergizing circuit of relay 2306 which is now held

over its locking circuit, and restores ground con-

nection to conductor 331 which connection ex-

tends only to the armature | of relay 386, now

disengaged from ifs back contact. Armature 4§ of
relay 306, cooperating with its front contact, pre-~
pares an energizing circuit for relay 307, the

path from the front contact extending over con-

ductor 357 to the front contact associated with
the armature 3 of counting relay 363 which is de-

29
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energized at this fime whether or not the dis-

tributor has been in operation or is being start-

ed after a shut-down period. Armature ¥ and its.

front contact interconnect conductors {66 and

168. This operation is comparable with closure

of the cam~controlled contacts {67 in Fig. 1 and
prepares for the operaticn of relay 134 in Fig. 2

under the control of relay 82 and relays $3ER,
84ER and 85ER. Armature 6§ of relay 366 con-

nects ground over conductor [42 which opera-
tion is comparable With the closure of cam-con-
trolled contacts 143 in Fig, 1 for the purpose of
completmg the energlzlng circuit of relay t4! in
Fig, 4,

Relay 339, having opﬂra,ted its armature flom

its left- h_and to its right-hand contact substan-

tially immediately after the armature of relay
321 left ifs left-hand contact, completes a cir-

cuit from ground on ifs armature over conductor
- 361, armature 6 and back contact of counting re-

lay 3566, conductor 362, armature T and back con-
tact of counting relay 383, conductor 354, arma-
ture 6 and back contact of counting relay 388,
conductors 3567 and 368 and winding of counting

~ relay 369 to grounded battery, the relay 369 be-

coming energized over this circuit. At its arma-
ture | and back contact relay 369 removes eround
potential from conductor 371 which extends to
the armature 3 of counting relay 372, this being
a potential holding circuit for relay 372 which is
not effective at this time because the relay has

been assumed to be released. At its armature 2
the relay 369 interrupts a path from conductor
313 over conductor 374 to armature 4 of relay 372
which, upon the assumption that relay 872 is at

40
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this time deenergized, is out of engagement with

its front contact. Conductor 3713 is connected by
conductor 376 to the right-hand contact of a .

_blased polar rela,y 377 the armature of which is

to conductor 66 associated with the first chain
of counting relays in Fig. 2. The completion of
the connection from conductor 65 to feeder con-
ductor 3713 represents one of two steps which,
together correspond with the passage of the
brushes of distributor 2! in Fig. 1 over the No. 1
code segment in the outer ring. The other opera~
tion which must occur is the movement of the
armature of timing relay 3771 into engagement
with its right-hand contact. The armature 4 of
relay 369 thus completes a path from the lock-
ing winding of relay (6, through the bridge net-
work associated with signal generating relay 17,
over one or the other of the conductors 44 and

49 to conductor 66 as determined by the first set
of cipher coding relays in Fig.

2, and on through
feeder conductor 313 to the right-hand contact
of relay 317. The relay 377, when  operated,
will extend this path over conductor 3718 and con-
ductor 3i to negative or ground (positive) poten-
tial on the armature of signal responsive relay
16, to cause the operation of relay 17 in accord-
ance with the polarity received by the armature
of relay 16 and the path 44 or 49 over which the
circuit i1s completed under the control of the
cipher coding relays. |

At the armature 5 and front contact ef relay -

389 a path is extended from the winding of relay |

346 over conductor 383, front contact and arma-
ture 8 of relay 369, conductor 384, back contact
and armature 6 of relay 388, conductor 385, back
contact and armature § of relay 372, and con-
ductor 23871 to the left-hand contact of relay 339.
As the armature of relay 339 is still in engage~
ment with its right-hand contact, the current for
condenser 348 still being assumed to be flowing
in the lower winding of relay 3410 so that the up-
per winding has not yet assumed control of that
relay, a circuit from ground on the armature of
relay 338 will not yet be completed over the path
just traced. The back contact associated with
the armature 8 of relay 389 is connected to the

‘negative terminal of battery 388, the positive ter-

minal of which is connected to ground and is also
connected over conductor 389, condenser 391,

lower winding of a biased polar relay 392 to the_
negative terminal of battery 393, the positive ter-

minal of which is connected to eround. The ar-
‘mature o

re § of relay 869 is connected by conductor
394 to the front contact for the armature 4 of
relay 358 and this armature is connected by con-

~ductor 356 to the left-hand contact of relay 341,

the armature of which is grounded. Since relay
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356 has been assumed to be deenergized, the

ground at the armature of relay 241 has not

been extended to the armature 6 of relay 369 and
batteries 386 and 393 are in opposition at the

ends of the circuit including condenser 391 and

the lower winding of relay 392, so that no cur-
rent flows through the lower winding of the relay
and the disengagement of the armature & of
relay 369 from its back contact has no effect on
relay 392 at this time. R -

At the same time that relay 339 operated to
its right-hand contact, relay 3238 also operated to

its right-hand contact. The left-hand contact of

10

relay 338 is connected to g conductor 387 which

extends a conductive path from the negative ter-
minal of battery 3$8, the positive terminal of

16

which is grounded, through resistor 339§, con-

denser 40f and the lower winding of relay 377
to the negative terminal of battery 482, the posi-
tive terminal of which is grounded. The biasing

circuit of relay 377 includes a variable resistance

£03 which determines the magnitude of the cur-
rent flowing in the biasing winding. When the
armature of relay 338 is on its left-hand contact
- the ground connection thereby established on

20

25

conductor 387 permits current to flow through

the lower winding of relay 317 to charge con-
denser 481, Initially this current is sufficient to
overcome the effect of current in the biasing
- winding of relay 377 and to move its armature
to the right-hand contact to interconnect con-
ductors 376 and 3T18. As scon as this current drops
below the value of current in the biasing winding
the latter winding assumes control and restores
the armature to the left-hand contact. The mag-
nitude of the current in the biasing winding con-
trolled by the variable resistor 402 determines
the interval during which the armature of relay
311 engages its right-hand contact and this in-
terval is preferably of the order of five thou-
sandths of g second which is sufficient to effect
the operation of relay {7, the circuit of which re-
lay 377 completes upon being operated to its
right-hand contact. - | |
- The right-hand contact of relay 338 is connect-

a3
o |

40
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ed to a conductor 404 which provides a circuit

from battery 328 through resistor 408, condenser

207 and lower winding of relay 408 to negative

battery 488, The biasing circuit of relay 408 in-
ciudes g variable resistor 441 which serves the
same purpose as variable resistor 493, namely,
to limit the interval during which the armature
of relay £28 engages its right-hand contact after
relay 338 grounds conductor 484 to about five
thousandths of a second. The armature of relay
488 is connected to conductor 318 for extending a
conductive path from the armature of relay 16
and the right-hand contact of relay 498 is con-
nected by conductor 412 to a feeder conductor
413 which provides for the extension of conduc-
tive paths through armatures and contacts of
certain of the counting relays 369, 356, 358, 363,
- The operation of the armature of relay 2338 to
‘its right-hand contact causes the momentary op-

50
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eration of relay 408 to its right-hand contact thus

extending a conductive path from the grmature
.of relay 16, which at this time is responsive to
the start signal, to feeder conductor 413. One
path from this feeder conductor is traced through
the armature 2 and back contact of relay 363,
- conductor 414 to the armature 4 of relay 365

which is out of engagement with its front contact

because relay 366 is released. . Another path is
traced. from feeder conductor £13 through the

armature | and back contact of relay 356, con-
ductor 416 to the armature 4 of relay 363 which
is out of engagement with its front contact be-

‘cause relay 363 is released. With relay 338 op-

erated to its right-hand contact relay 371 has
Its armature operated to the left-hand contact
oecause batteries 398 and 402 are in opposition
and conductor 397 is not grounded. Thus, no
conductive path is established from the armature

‘of relay 16 through armatures and contacts of any

counting relays when relay 16 is responding to
the start impulse,. |

When the charging current for condenser 348
through the lower winding of 241 decreases to a
value less than the current through the upper
winding, the armature of relay 341 is operated to
its right-hand contact. The variable resistor
342 is preferably so adjusted that the interval
clapsing between the completion of the charging
circuit for condenser 348 and the operation of
the armature to the right-hand contact is of the
order of twenty-two thousandths of a second,
which is the impulse interval of a five-unit per-.
mutation code combination. The right-hand
contact of relay 341 is connected by conductor 411
to conductor 418 which extends a path from the
negative terminal of battery 331 through resistor
419 to one terminal of the winding of polar relay
341 the other terminal of which is connecteq to
a potential divider having negative battery poten-
tial at one end and ground (positive) potential
at the other end. When conductor 418 is not
grounded through the armature and right-hand
contact of -relay 341 current through relay 341
18 In the direction to hold its armature on the lefi-
hand contact. With conductor 418 grounded the
current in relay 347 is reversed and the armature
moves to the right-hang contact which is con-
nected by conductor 420 to conductor 334. In so
operating relay 347 removes ground connection
from conductor 344 and grounds conductor 334.
This reverses the polarities applied to the ends of
the series circuit comprising relays 338, 339 and
the upper winding of relay 341 and also reverses
the polarities applied to the lower winding of re-
lay 341. Relays 338 and 339 immediately restore
fheir armatures to their left-hand contacts.
The upper winding of relay 341 also seeks to re-
store the armature of that relay to its left-hand
contact but current for discharging condenser
328 and for recharging it in the opposite direc-
tion flows through the lower winding of relay 341
and opposes movement of the armature back to
the left-hand contact. The delay in movement
of the armature will be the same as the delay pre-
viously mentioned, preferably twenty-two thou-
sandthsof a second. =~

"Relays 338 and 339 immediately moved their
armatures to their left-hand contacts. Relay 338
removes ground potential from conductor 404
thus permitting condenser 407 to discharge but
the relay 488 had already returned its armature to
lts left-hand contact at the end of the short in-
terval during which the charging current for con.
denser 407 held the armature on the right-hand
contact, which is of the order of five thousandths
0f a second. Relay 338 grounds conductor 397

- thus permitting condenser 401 to charge through
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the lower winding of relay 377 which operates its
armature to the right-hand contact for the same
interval of time. While the armature of relay
317 is engaging the right-hand contact a conduc-
tive path from the armature of relay i6 is ex-
tended over conductors 37, 318, 376, 3713 and 381,
armature 2 and back contact of relay 358, con-
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ductor 382, armature &, and front contact of re-.
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~ lay 365 and conductor 66 into the chain elrcult |

established by the cipher coding relays of the first
set in Fig. 2.

~ in accordance with the operation of relay 16 and
~ the cipher coding relays,
3?7 remains on its right-hand contact only mo-
| menua,rlly but the interval is of sul
to permit relay 17 to operate;,
Relay 339 completes a circuit frem ground on

its armature over conductor 387, armature 6 and

back contact of relay 372, condueter 385, arma-

Over this circuit the relay 17 is
___operated through one of the conducters 44 and 492

The armature of relay

Lelent length --
- 10

~and armature 2 of relay 312. At armature B
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the gr eunded armature | of relay 372 Whmh en -
gages its back contact. At armature 4 relay 353
connects the third distributor conductor 68 to
feeder conductor 3%3 through the back contact .
the

. relay 358 prepares an energlzmg circuit for relay
- 263 through conductor 386, the back contact and

armature 8§ of relay 3712 to conductor 387, and at
armature 6 the energizing circuit for 1e1ay 366 is

interrupted this relay bemg new held energlzed

- -over its holding circuit.

ture 8 and back contact of relay 288, conductor :

384, armeture 5 and front contact ef relay 268

and conductor 283 to the winding of relay 386

| whleh becem es energized. At its armature | relay

368 removes ground votential from a path traced
~ through conductor 421 to the armature 3 of relay

35, ThlS armature is engageable with a front

contﬂct wherl relay 386 is energized for estab-

'Ilshmg a holding circuit for the relay 256, but
since this relay is assumed to be deenergized the

removal of ground potential from conductor 421
Armature 2 of relay

has .no. ef’fect at this time,

20
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366 controls a clrcmt for eheekmg and adjusting

the timing of condenser controlled relays, par-
ticularly the relays 327 and 34f, and the opera-
tion of this circuit will be clescrﬂoed later.
front contact and armature 3 of relay 366 a hold-

ing circuit for the relay is extended over con-
ductor 422 through the hack contact &nd arma- |

ture | of relay 363 to ground.

Tt has. plevmusly been set forth that 3 eendue- -

tive path is extended to the armature 4 of relay

| 3%6 from feeder conductor 413. The front contact

At the

At the end of itg timing 1i1terva,1 relay 341 epel-
e,tes its armature to the right-hand contact there-

by operating relay 247 to its right-hand contact
“and reversing the polarities on relays 338, 338 and

34{ whereby the relays 338 and 339 are at once
operated to their left-hand contacts. Relay 333

operates relay 311 momentarily and this relay

completes the circuit’ of relay 17 through the
armature 2 and back contact of unepera,ted relay

372 and through the armature 4 and front con-

tact of operated relay 358 to conductor 68. Relay
339 operates relay 363 over the circuit prepared
by relay 388 to the left-hand contact of relay 339.

Relay 363 performs: operations comparable with

those of the counting relays. which preceded it,
namely releasing relay 366 at its armature | and

back contact, interrupting the path to conductor

oD
wb]

with which this armature cooperates is connected
to conductor 67 over which the circuit of relay 17

- will be completed f01 the second selective impulse
~of the permuta,tmn code signal, the circuit for
- the first impulse having been crtmpleted through

the. armeture 4 and front contact of relay 888 to -
- At the fifth armature and front -

.-_eenducte«r g6,
cente,ct of relay 286 a-circuit is prepared for the-

 energization of counting relay 358 through arma--
~ ture 1 -and back contact of relay 356 and arma-

ture 85 and back ecmtaet of relay 363 in series. At

armature § and back contact of relay 366 the pre~
- vipusly: deserlbed circuit for energizing relay. 362 is

mterrupte(i this relay being held energlzed at
_thls time over its heldmg circuilt. .

At the end of an interval equal to the leneth of

en 1mpulse of a permutation code cembmatlon
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67 at its armature 2 and back contact, completing - '

its own holding circuit at armature 4 and front
contact to the grounded armature 2 of relay 346,
extending a connection from feeder conductor

- 413 to the fourth distributor conducter 69 at its .
~armature 4, preparing an energizing circuit from o
the right-hand: contact of relay 339 for relay 372

th* ough the armature % and front: contact of relay
363, and interrupting the energizing circuit for
rel ay 858 at the armature § and back contact.

. As an additional operation performed by relay

'353,--'11:;5; armature 3 and front contact complete a

circuit from grounded battery on the armature

- of relay 392 through the left-hand contact of that

relay, conductor 426, armature 3 and front con-

 tact of relay 363, eenduetm 351, front.contact and |

45
" to eground, the relay al'l becoming energized over
: ',thls circuit.

armature 4 of relay 306 and Wmdmg of relay 307

‘Relay 387 completes a holding cir-
cuit for 1tself through its front contact and arma-

~ ture 2 and over conductor 427 to conductor 426.

o0

~ the armature of relay 341 is again operated to its

| left-hand contact and operates reley 281 to its

left-hand contact. Relay 347 again reverses the -
polarity on relays 238, 339 and 34! and-the arma-
tures- of relays 338 and 339 immediately operate

‘Relay 338 operates

to their right- hend contacts.
relay 208 momentarily to extend 2 path from the

armature of relay % to the feeder conductor 443

from which the path is extended over the arma-

ture 2 and back contact of relay 363, conductor
£14, armature & and front contact of relay 368 to
conductor 671 for operation of relay 17 to generate

 the second impulse of the permutation code com-

6o

Lo
i |

At its armature | the relay 307 interrupts the cir-
cuit for the lower winding of relay 321 but as this

circuit is- already interrupted at the armature 2
and back contact of relay 386 which is energized,
this operation has no immediate effect. At the
armature 3 and back contact of relay 301, the

-~ ground potential supplied through contacts 3 and
- 4 of key 338 is disconnected from the holding cir-

cuit for relay 386 but this relay remains held by

- the -ground connection on the. armature 1 of relay
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256 supplied over conductor 354.

Upen the second return of the armature of relay
341 to its left-hand contact relay 341.is controlled
to reverse the polarity on relays 338, 339 ang 341

and relays 338 and 339 operate to their right-hand

bination. Relay 339 operates relay 358 ever the",

| prev:.eusly prepared path.

- At its armature [, relay 388 mterrux:ots the hold-
| mg circuit for relay 368 which releases. At its
armature 2 relay 358 interrupts the path from

feeder eendueter 373 to conducter 66, this path

- also being interrupted at the armature 4 cf relay
359 upon the release of that relay. At its armature
3 relay 358 cempletes its own holding circuit to

S 70

contacts for the third time. Relay 338 operates
relay 4&]3 ‘momentarily to eemplete the circuit of

signal generating relay (71 through feeder con-
- ductor 413 and armature 9. and front contact of

relay 363 and over the fourth distributor conduc-
tor-69. Relay 339 completes the energizing circuit
for relay 372 which releases. relay 358 and pre-

pares the. energizing circuit for relay 356. Other

~ operations performed by relay 312 are.comparable

with those performed by relays ahead of it in the

- counting circuit, excluding the operation of relay
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- 307 by relay 363 which is a special operation as-
signed to relay 363, but including the extension

of a path from feeder conductor 313 to distributor

2,405,570

conductor T1, this path including armature & and

front contact of relay 372 and back contact and

armature 2 of relay 369.
Upon the third operation of tne armature of

relay 341 to its right-hand contact under the tim-
ing control of condenser 248, relay 347 is operated

to its right-hand contact to restove the armature

10

of relays 338 and 238 to their left-hand contacts

“for the third time.

1T over feeder conductor 3713 and over the nath

'J_the foregomg paragraph mcludmg tne fifth dlS- |

tributor conductor Ti, to cause relay 17 to gen-
erate the fifth 1mpulsn of the code combination.

Relay 339 completes the energizing circuit for re-

lay 356 through the armature 5 and front concact.

of relay 872. At its armature | the relay 386 in-

Relay 338 operates relay &7
momentarily which completes the circuit of relay

15
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terrupts the circuit to the fourth distributor con-

ductor 69 through the armature 5 ang front{ con-
tact of relay 263. At its armature 2 relay 285
mterrupts the holding circuit for relay 363 which
ig released. At its armature 3 relay 356 completes
its own holding circuit over conductor £#21 to ths
erounded armature | of relay 388 which is at this
time released and engages its back contacis.
the armature -4 of relay 358 a conductive path is
completed from the left-hand contact of relay 341
over condtctor 298, the armature 4 and front
contact of relay 356, conductor 324 to the arma-
ture 6 of relay 369. This armature is now released
and engages its back contact which is connected
to battery 388 and through conductor 389, con-

denser 381 and lower winding of relay 382 to bat-

tery 393 which is in opposition fo battery 382 so

that relay 392 remains in the conditicn shown
with its armature engaging the lefi-hand con-
tset. At armature 5 of relay 386 a path is pre-

pared from the right-hand contact of relay 338
over conductor 38{, armature § and front contact.

of relay 358, copauctor's 28 and 358 directly to

the winding of relay 369. At armature © of relay -

356 the circuit over which relay 362 was pre-
viously energized, including armature 1 and back

AL
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the armature of relay 321 through the armature
| and back contact of relay 308 both ends of the
series circuit comprising relays 338 and 339 and
the upper winding of relay 341 are at ground po-
tential and both terminals of the lower winding
of relay 34! are at ground potential so that these
three relays have been restored to the original
condition in which they remain until relay 321
responds to the start impulse of the next signal
combination and operates relay 327 to remove
ground from conductor 334.

As the armature of relay 341 returns to its left-
hand contact it completes a circuit over conduc-
tor 396, armature 4 and front contact of relay
356, conductor 394, armature § and back contact
of relay 369 to battery 328 from which current
flows, and in parallel with battery 388 over con-
ductor 289, condenser 391, lower winding of relay
392 to battery 393 from Wh1Ch current flows to
energize the lower winding of relay 392 and
charge condenser 391. The operation of relay
392 is comparable with the operation of relays
317 and 408, the lower winding immediately over-
coming the effect of the biasing current in the
upper winding and moving the armature to the
right-hand contact momentarily. Current in the
upper winding of relay 392 is regulated by vari-
able resistor 431 to determine the interval dur-

- ing which the current in the lower winding ex-

30

ceeds that in the upper winding and this interval

-i1s preferably of the same duration as the oper-

- ating intervals for relays 317 and 408, namely,

3B
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contact of relay 363 and armature € and back

contact of relay 368, is interrupted.
ture T of relay 356 removes the remaining ground

from the holding circuit ol relay 3986 so that t‘mt_

relay is released.
The armature t of relay 3% restores 10 con-

ductor 334 the ground connection supplied from
the armature of relay 327. At this time relay

347 is operated to its right-hand contact, through

which ground is also supplied to conductor 334

The arma-
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of the order of five thousandths of a second.
When the armature of relay 392 leaves itg left-
hand contact it interrupts the holding circuit for
relay 397 which releases. |

At its armature I relay 387 reestablishes a con-

' auctive path from the armature of relay I8 to
the lower wmdmg of start relay 321.

The five
selecting impulses of the code combination have
been distributed through the five cipher coding
relay systems to relay (T and relay {6 is now

responding to the stop impulse of the code com-

bination, of marking nature, sp that the lower

-wmdmg of relay 321 does not become energized.

At its armature 2 the relay 387 releases its hold-
ing circuit so that the relay will not be reener-

-gized when the armature of relay 392 returns to

its left-hand contact. Af its armature 3 and
back contact relay 307 restores the ground con- |

‘nection to conductor 351 for holding relay 206

when that relay again becomes energized. |
Relay 892 completes a circuit from negative

- battery on its armature through its right-hand

b

so that the release of relay 306 does not interfere

- with the timing operation controlled by con-

denser 348. Armature 2 of relay 386 prepares for
the restoraticn of the operating winding of relay
301 and the lower winding of relay 321 to con-
trol by relay {6 but this path is still open at the

armature | of relay 307 which has remained en-
65

ergized. Relay 336 opens ifs own holding circuit
contacts, disconnects conductor 166 from con-

60

ductor 168 to release relay {34 if that relay had

been energized, and mterrupts the circuit (}f relay
(41 (Fig. 4) which releases. |
At the end of the interval determined by con-
denser 348 the armature of relay 34{ returns to
its left-hand contact for the third time and re-

stores the armature of relay 347 to its lefi-hand
Relay 347 grounds conductor 344, and

5

contact. Unds
as conductor 334 has already been grounded by
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‘ner 43, through the bridge network,

contact and conductor 432 to hridge network cor-
conductor
28 and locking winding of relay 16 to the poten-
tial divider comprising resistors 25, 27 and
grounded battery 28. The polarity applied to
bridge corner 43 by relay 392 is the opposite of
that which was applied to that bridge corner by

relay 302 for driving relay T to the spacing con-

dition for transmitiing the start impulse, so that
relay 392 drives relay {7 to the marking position
for the tfransmission of the stop impulse, it being
understood that the relay {7 is actually operated
to marking position only if the last selecting im-
pulse of the code combination was of spacing
nature, because otherwise relay 7 will be in the
markmg condition at the time relay 392 is op-
erated. | |

When the charglng current for condenser 39
has dropped below its effective value with respect
to the biasing current of relay 392 the relay is
restored to initial condition with its armature
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engaging: the left- hand contact

and this com-

bletes restoration of all of the apparatus in Fig. 8

to the condition which was assumed to be the

iritial condition, with the.exXception that relays

372 and 2355 have remained energized. Since tlie

- holding circuit for relay 312 is controlled by the
- arimdture 1 of relay 359, ._elay 372 will remadin
 érergized until relay 369 is operated in conse-
gquence of reception of the start impulse of the
‘next code combination and preparatory to dis-

code combination to the cipher relay system,

10
{ribution of the first selecting. impulse of thab .

Reldy 359 has remained energized thlough a?,-

iolding circuit to ground on the armature | of
relay 8806, and prcwldes a path for energizing

relay 36% which differs froni that cver which-

16

relay 36% was eneérgized when relay 358 was in -

‘teleased condition, - this path being directly
through conductor 428 and not including arma- -
20

ture § of relay 3866 and armature T of relay 2€3.

The reason for providing the alternate path for

eriergization of relay 359 is that relay 368 may be
erergized or may be deenergized at the time that
& start signal is received by relay 16 depending,
as previously stated, upon whether relay 338 has

 been released by removal of battery connection
- therefrom for CDHVEI‘S&tiOIl of power. during an

idle period. The reason for providing that the
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conductor 334 except when it is apphed by relay
341, and relay 341 will oscillate continuously at

the rate controlled by the adjustment of variable

resistor 242, opergting the counting relays suc-
cessively on. each half cycle of relay 241 at uni-
form rate.
counting relays is energized it will interrupt fthe
energizing circuit for magnet 438, which ¢ircuit
will be reclosed when relay 363 becomes energized
and releases relay 388. Upon being released and .
reenergized magnet 438 will advance the counting

- dials of counter 439 one step to register a com- -

plete cycle of oper&tmn of the siX counting relays
which correspond to six half cycles of relay 341.

As stated previously, each half cycle of relay
341 preferably has a duration of twenty-two

 thotisandths of a-second. Six half ¢ycles of relay

241 redquired to complete a cycle of the six count- ;'_

ing relays will occupy one hundred and. thirty--
two thousandths of a

second. In. an easily
measurable interval of time such as one mmute
there are four hundred ﬁfty-—four and a fraction

intervals of a length. of one hundred and thirty-

two thousandihs of a 'second, of- in sixty-six
seconds - which ceuld, without di lculty he’
megsured with an ordinary timepiece or ‘ery:
accurately with a stop-water, there are exactly

- five hundred intervals of one hundred and thirty-

eriergizing path for relay 2388 when relay 358 is

released shall include -armatures and back con-

tacts. of others of the counting relays, namely,
the relays 265 and 863, is to prevent the erronecus
energizationn of reldy 388 withh onhe of the other
counting relays which is energizable through the

srmature § and back contact of relay 388, such

as the relay 312, after rela,y 369 has been re-

leased by relay 353
| Key 333 is operable manually to esta,bhsh Cir-

 cuit conditions for checkmg and adjusting the
When Key 333 is operated'

tindiing of relay 341.
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contacts 1 and 2 open and remove ground from

conductor 3234. Contacts 3 and 4 open, remov-

ing ground from the holding cireuit path of

relay 308, which has no e
this time released, and contacts 4 and 3 close to
connect ground over c¢onductor %6 back - con-

tact arnd armature 2 of relay $6%, conductor 437

and winding of magnet 438 to battery. The

ect as relay 306 is at
&b
- of the distributor from. the time of operation of. .
-~ the start relay 321 until the armature of ielay
~ 341 has made its third return to the left-hand
~contact and has operated relay 392 {o release

armature of magnet 438 controls &n oper&tmn;. |

counting register 439, to advaiice the counting

50

dials thereof one step for edch complete cycle of |

'energlzatlon and release of magnet 438.

two thousands second length. The fest is made

o by operating key 333 at the beginning of the timeé
interval to be measured and opening it at the end

of the time interval. If the counting register 439
does not show a reading of four hundired fifty=
four at the end of a time interval of one minute
or five hundred at the end of a time interval of

sixty-six seconds, resistor 342 may be adjusted

to vary the timing of relay 341 and the test

repeated until the proper number of cycles of the
-~ counting relays has been registered in the time
~Interval. .
‘Teached 1t will be known' that the timing of each

When this

'ad:lustment has. been

half c¢ycle of relay 341 is twenty- two thousandths
of a second.

Key 303 controls cu'cmts for tlmmg and ad-
Justlng the over-all interval occupied by a cyelé

relay 3071. Since the mid-point of 3. te]egraph '-
impulse is likely to be the most reliable dnd effec-

~ tive part of the impulse, the ideal operating con-

“The removal of ground from conductor 3234
by operation of relay 327 until one-half of the

-_causes relays 338, 339 and 341 to operate in the-

same manner as if they had been set in operation
in respotise t0 a signgl combination. Relay 341
is opérated by relay 38{ and in turn reverses the
- polarities on relays 338, 339 and 341.
- operates relays 37T and 208 glternately and rela,y
339 operates the counting relays 369, 368, 258,
363, 372 and 358 in sequence. Relay ¥ may be
operated as the distributor operation proceeds
because, glthough relay (6 is not responding to

‘signals the energizing circuit of relay 1T may be

completed over either . of the conductors 44 and

49 in accordance with the condition of the cipher
- coding relays in Figs. 2 and 3. The steppinhg

switches which control the cipher coding relays

Relay 338

55
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dition is to delay the starting of the distributor

start - impulse - interval has elapsed and, accord-
ingly, the ideal operating condition would be for

‘relay 327 to operate its. armature to the right-

hand contact: eleven. thousandths of a -second |

after relay 321 operates and this interval added -

to the interval. of one huridred thirty-two thou-
sandths of a second for six half cycles of relay

- 341 gives a total interval of one hundred forty-

three thousands' of & second. There are four
hundred twenty such intervals in one minute

ﬁ-g"-.and a negligible: fraction of a second thereover;

so that one minute may be employed as a count-

- ing time and four hundred twenty cycles of the

will not be advanced because none: of the relays -

321, 327, 3086 and 207 is operated and the relays
~which control the advancement of the stepping

front contacts of relay 366.

. The. countmg relays will go through repea,ted -

cyelés becalse ground remains dlsconnected from

70

switches are energlzed through armatures and |

distributor may he considered as the standard for...-

one minute of continuous operation.
When. key 383 is operated contacts 2 and 3

open,. thereby dlsconnectmg the armature of re- -

lay !5 from the winding of relay 32{ and con-
~tacts 1 and 2 close to substitute ground poten-

tial on one terminal of the lower winding of
relay 32I through the back contact a,nd armas=

Each time that relay 356 of the
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ture 2 of relay 306 and through the back contact
and armature | of relay 307. Contacts 4 and 6,
from the former to the latter of which contact o
moves when key 383 is operated, both have nega.-
tive polarity which continues to be extended to
the other terminal of the lower winding of relay
321 after key 383 is operated. Contacts 7 and 8
extend ground connection to magnet 438 throuch

the back contact and armature 2 of relay 366

as in the previously described testing and adjust-
ing operation. o

The technique of conducting the test is the
samme, namely, key 383 is operated at the instant
that time starts to run and is restored at the end
of one minute, At the instant that key 303 is
op-erated the armature of relay 821 moves out of
" engagement with its left-hand contact and initi-
ates a complete cycle of the distributor such as
has been described herein in detail. Relay 327

operates its armature to its right-hand contact a ¢

timed interval thereafter, depending upon the
adjustment of resistor 328, and operates relay 386.
It also starts the oscillatory relay system compris-
Ing relays 338, 339, 341 and 347. Relay 3086 inter-
rupts the circuit of the lower winding of relay 321
which restores its armature to its left-hand con-
tact and causes the relay 327 to restore its arma.-
ture to its left-hand contact. Relays 388, 383,
358, 363, 372 and 356 operate in succession in

timed relatwn and when relay 363 operates it -

completes the energizing circuit for relay 3907.
Relay 3@7 provides a second interruniion in the
energizing circuit for the lower winding of relay
321 and releasges relay 300 Whmh removes the first
interruption in that circuit.
372 and 3856 operate which completes the count-
ing relay sequence. It is to be noted that this is
not the conclusion of the distributor interval for
the reason that relay 369 became operated sub-
“stantially simultaneously with the operation of
the relay 327 when relay 34{ began to titne the
first or start impulse interval. Thereafter the re-
maining five counting relays are operated as the
relay 341 begins to time the impulse interval for

each of the five selecting impulses of the code -

combination. Accordingly, the third return of
the armature of relay 341 to its left- hand con-
tact occurs substantially a full impulse interval
after the operation of relay 356, such return de-

noting the end of the fifth selectmg Impulse and *

Thereafter relays

10

| - 49
start 1mpulse of a code combmatwn ‘condenser
348 charges from the discharged cond1tmn and &
certain interval elapses before the char ging cur-
rent has decreased to the point where the current
through the upper winding of relay 341 will take
conirol and move the armature to the right-hand
contact. When relay 347 transfers ground po-
tential from conductor 344 to conductor 334 upon
movement of the armature of relay 34{ to the
right-hand contact, the pola,rlty applied to the
lower winding of relay 241 is the opposite of that
previously applied and is in series-aiding relation
to the charge accumulated on condenser 348.
Accordingly, condenser 348 first discharges, pass-
ing through the condition of zero charge and then
charges in the opposite direction. A slightly
jonger interval is required to discharge the con-
denser and charge it in the opposite direction
until the charging current decreases to a value
which permits the Upper winding of the relay 341
to operate the armature then is required to charge
the condenser from a condition of no charge SO
that the second impulse interval is slightly longer
than the first. Each succeeding inferval timed
by relay 341 within one code combmatmn is the

“same as the second interval because discharging

and recharging of the condenser muqt occur.
When ground potential is applied to co»ndugfco_r_f
344 upon the third return of the armature of relay
327 to its left~-hand contacts, whmh occurs at the
end of the last lmpulse of the code COIldEI"SEl aéa

is agam discharged.

10

- the end of the sixth impulse timed by relay 341,

the start impulse being counted alorg with the
selecting impulse.

The armature of relay a4l retumed to its left--

hand contact for the third t1m e, oberates relay
392 which releases relay 307.
closes the circuit of the lower winding of relay 321
which operates to initiate another cycle of the
distributor..
one minute key 302 is restecred to normal which
causes the distributor to stop at the end of the
cycle then in progress. If the counting register
239 reads more or less than four hundred twenty

operations, variable resistor 228 is adjusted and

the testing operation is repeated until an adjust-
ment has been attained which will produce four
hundred twenty overations of the dlstrlbutor in
one minute.
- With regard to the tzmlpg cf relay 341 and of
relay 321, a feature of the operation of relay 341
- should be noted. When the system is at rest, both
of the conductors 324 and 244 are at ground po-
tential so that condenser 348 is discharged.
Upon the removal of the ground connection from

conductor 334, by relay 327 in response to the

The latter relay re-

At the end of the timing interval of

GO

- In the operation of testmg and adjusting the
timing of relay 241, by the operation of key 333,
condenser 248 starts from the condition of no
charge and the interval before the. first transit
of the armature of relay 341 is a short interval.
Thereafter as long as key 333 remains operated,
condenser 348 swings from the condition of
charge in one direction to equal charge in the
opposite direction, since at no time are conductors
324 and 344 grounded simultaneously. Thus all
the half cycles of relay 341 except the first half
cycle are equal during the one mmute or sixty~-six
second timing interval but relay 341 goes through
three thousand half cycles in sixty-six seconds
and the effect of one half cycle of slightly less
than twenty-two thousandths second duration is
neglmble when averaged oulb over the remaining
two thousand nine hundred ninety-nine half cy-
cles so that each half cycle will not differ from
twenty-two thousa,ndths second by a significant
amount. .

The second timing and ad]ustmﬂ' operatmn
effected by the operation of the key 303, times
cycles of the complete distributor, each cycle be-
ginning with the operation of relay 321. In the
interval in each such cycle between the third
return of the armature of relay 347 to its left-
hand contact and the operation of relay 327 both
of the conductors 334 and 344 are grounded so
that condenser 348 is discharged. With the ad-
justment of relay 327 being made on 2 basm. of
four hundred twenty full cycles of the distributor
per minute an interval of one hundred forty-three
thousandths second is allotted to each cycle of
operation of the distributor. Five of the half
cycles of relay 341 are known by previous adjust-

B ment to occupy twenty—two thousandths second

-
1

each for a total of one hundred ten thousandths
second. The time interval between the opera-
tion of relay 321 and the first movement of the
armature of relay 341 to its right-hand contact
therefore has a duration of thirty-three thou-
sandths second. Of this interval the time required



2,405,570

43

for the armature of. relay 341 to move to its r1ght--’
hand contact after relay 327 operates is some--

thing less than twenty-two thousandths second
and the time of operation of relay 327 is some-
thing more than eleven thousandths second after
the operation of relay 321. Thus the operation of

relay. 321 does not come exactly in the middle of
the interval during which relay 16 responds to

the start signal but the operation of relays 338
and 339 does occur in the middle of each inter-

val during which relay (6 is responding to the -

1O

-selecting impulses.. The. differential is represented |

by -the shortened first half cycle of relay 241.
If the timing of relay 302 under the control of
condenser 316 and resistor 217 is such that relay
202 should operate to its right-hand contact at

the same time that relay 327 operates to its right-

“hand contact, the start impulse transmitted by

relay {1 would. be shorter than the selecting im-
‘pulses by the amount that the first half cycle

of relay 341 differs from the other half cycles
of that relay. By providing proper values for
condenser 316 and resistor 317, the relay 302 may
be adjusted to operate el1ght1y in advance of
relay 3271.s50 that the start impulse generated by

relay i1 will be of the same duratm*l as. the seleet-

ing 1mpulses
- Although a partlculer embod1ment of the in-
-ventmn has been shown in the drawings and de-

scribed in the foregoing epec1ﬁce,t10n it will be ,

uuderstoed that the invention is not limited to

such specific embodiment but is capable of modifi~

cation and rearrangement without departing
from the spirit of the invention and within the
scope. of the appended claims. - |

- What is claimed is: - |

1. In .a felegraph system a mgnal 'r'espenswe
rel,ey, a .signal generating relay, -a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said signal respon-
sive relay, selector means individual to and hav-
- iIng exclusive control over each of said cipher
coding relays for selectively operating said cipher

coding relays, and means controlled by certain
of said cipher coding relays for &ctuetmg sa1c1-

selector means.
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ing their associated cipher coding relays, and

means controlled by certain of said cipher cod-

ing relays for eetuatmg se1c1 greups of smteh-_

ing means.
5. In a telegraph system a swnal responswe -
relay, a signal generating relay, a plurality of
cipher coding relays arranged in sets.individual to
each impulse of a telegraph signal for controlling
said signal generating relay jointly with said
signal responsive relay, switching means individ-
ual to said cipher coding relays and e1langed in

‘groups with each switching means, in a group

associgted with a c1pher coding relay of a differ-

ent set for selectively energizing and 1e1eas1ng

their associated cipher coding relays, and means
controlled by a nlurality of said cipher coding

- releys for actuating each of saad gmU.ps ef switch-

ing means. |

6. In a telegraph system a szgn&l responswe
relay, a signal generating relay, a plurality of
cipher coding relays for controlling said signal

‘generating relay jointly with said sighal respon-

sive means, switching means comprising a plu-

- rality of contacts and a contactor mdw1dua,1 to

£y
] |
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2. Ina te‘legreph system 3 signal responswe re-

ley.,,_e s_lgne_l generating relay, a plurality of eipher
coding relays arranged in sets individual to each

impulse of a.telegraph signal for controlling said 5

signal generating relay jointly with said signal re-

sponsive relay, selector means individual to and

having exclusive control over each of said cipher

coding relays for selectively operating said cipher
coding relays, and means controlled by certain of
said cipher coding relays for actuatlng sead se-
~ lector means. -

3. In a telegraph system a,. 51g11a1 reSponswe
| relay, a signal generating relay, a plurality -of
cipher coding relays arranged in-sets individual to

each impulse of a telegraph signal for controlling -

sald sighal .generating relay jointly with said sig-
nal responsive relay, switching means individual
to each of said cipher coding relays for selectively

energizing and releasing said cipher coding relays,

and means controlled by certain of said cipher
coding relays for actuating said switching means.
~-4..In a telegraph system, a signal responsive
- relay, .a signal .generating relay, a plurality of

cipher coding relays arranged in sets individual

to each impulse of a telegraph signal for .con-

——
we |

trolling -said signal genemtmg relay jointly with

said signal responsive relay, switching means in-

d1v1duel to said cipher coding relays and arranged.
in groups for _ee_leetwe_l_y energizing and releas-

each of said cipher coding relays each cipher
coding relay havmg its energizing winding con-
nected to a different combmetlon of contacts of

its switching means, and means for selectively ad-' o

- vancing the uontactors of said switching means to
cause said cipher coding releys to be selectwely |
energized and released.

7. In a telegraph system g signal responswe

relay, a signal generating relay, a plurality of
-elpher coding relays for eontrollmg said signal
5 generating relay jointly with said signal respon-
sive relay, switching means comprising a plural-

ity of contacts and a conta,ctor individual to each

of said cipher coding relays, means for connect-

ing the energizing winding of each cipher cod-

ing relay to less than all of the contacts of its
- switching means in combination d fierent from

the connections of each other cipher coding re-
1ay, and means for selectively advancing the con-

tactors of said switching means to cause said
. cipher coding relays to be selectwely ene1g1zed

and released. -
8. In g telegraph system, a 51gnal responswe.
relay}, a signal generating relay, a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said signal respon-
sive relay, switching means comprising a plu-
rality of contacts and a contactor individual to
each of said cipher coding relays, means for con-
nectmg the energizing winding of each cipher
coding relay to less than all of the contacts of
its switching means in variable combinations, and
means for selectively gdvancing the contactors
of said switching means to cause said cipher cod-
ing relays to be selectively energized ang released.
‘9. In a telegraph system, a signal responsive
relay, a signal generating relay, a plurahty of

- cipher coding relays for controlling said signal
- generating relay jointly with said signal respon-

sive relay, switching means comprising a plural-

.5 ity of contacts and a contactor individual to each

of said cipher coding relays, a multiple contact
jack individual te each cipher coding relay and
switching means, said jack having one contact

“connected to the energizing winding of its cipher
coding relay and its other contacts connected to
the contacts of its associated smtchmg means,

2, plurality of multiple pin plugs usable in any of

- sald jacks, said plugs having various combina-

tions of less than all of its pins connected to the

pin which cooperates with the cipher coding re-
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lay contacts of said jacks, and means for selec-
tively advancing the contactors of said switching
means to cause said cipher coding relays to be

“selectively energized and released through seld.

jacks and plugs.

10. In a telegraph system, a signal responswe
relay, a signal generating relay, a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said sighal respon-
sive relay, switching means comprising a plural-
ity of contacts and a contactor individual to each
of said cipher coding relays, a multiple contact
jack individual to each cipher coding relay and
switching means, said jack having one contact
connected to the energizing winding of its cipher
coding relay and its other contacts connected to

~the contacts of its associated switching means in

random order different for each jack, a plurality
of multiple pin plugs usable in any of said jacks,
said plugs having various combinations of less
than all of its pins connected to the pin which
cooperates with the cipher coding relay contacts
of said jacks, and means for selectively advanc-
ing the contactors of said switching means {0
- cause said cipher coding relays to he selectively
eneremed and releeeed through said jacks and
plugs. |

© 11, In g telegraph system a signal responsive
relay, a signal generating relay, a plurality of
elpher coding relays for centrellmg said signal
generating relay jointly with said signal respon-

10

15

20

20

30

sive relay, switching means individual to said
cipher coding relays and arranged in groups for
seleetlvely energizing and releasing their asso-

ciated cipher ccding relays, means controlled by
certain of sald cipher coding relays for selectively
actuating said groups of switching means, and
means for automatically transposing the opera-
tive connections between said certain cipher cod-
ing relays and said actuating means.

12, In a telegraph system, a signal responewe

relay, a signal generating relay, a plurality of

cipher coding relays for controlling said signal
generating relay jointly with said signal respon-

sive relay, switching means individual to said 4

cipher coding relays and arranged in groups for
- selectively energizing and releasing their asso-
ciated cipher coding relays, means controlled by
certain of said cipher coding relays for selective-
ly actuating said groups of switching means, and
means operable once for each signal code com-
bination impressed upon said signal responsive
relay for transposing the operative connections
between said eertem cipher coding relays and
said actuating means.

13. In a telegraph system a 51gnal responsive
relay, a signal generating relay, a plurality of
cipher coding relays for controlling said sighal

generating relay jointly with said signal respon-

sive relay, switching means individual to said
cipher coding relays and arranged in groups for
selectively energizing and releasing their asso-
ciated cipher coding relays, means controlled by
certain of said cipher coding relays for selective-
ly actuating said groups of switching means, and
means operable in response to a predetermined

46

pher coding relays and arranged in groups for
selectively energizing and releasing their associ-
ated cipher coding relays, means controlled by
certain of said cipher coding relays for selectively
actuatmg sald groups of switching means, and
means operable in response to unciphered code
signal combinations having a predetermined im-
pulse thereof conforming to a particular impulse
characteristic for transposing the operative con-
nections between said certain cipher coding re-
lays and said actuating means.

19. In a telegraph system, a signal responsive
velay, a signal generating relay, a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said signal respon-

sive relay, switching means individual to said ¢i-

pher coding relays and arr anged in groups for
selectively energizing and releasing their associ-
ated cipher coding relays, means contrelled by
certain of said cipher coding relays for selectively
actuating said groups of switching means, means
for transposing the operative connections between
sald certain cipher coding relays and said actu-
ating means, means selectively controlled by cer-
tain others of said cipher coding relays for pre-~.
paring said transposing means to be operated,
and means operable in response to unciphered
code gignal combinations having g predetermined
impulse thereof conforming to a particular im-

ulse characteristic for opere,tmg said prepared

actuating means.

16. In a telegraph system, a signal responsive
relay, a signal generating relay, a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said signal respon-
sive relay, switching means individual to said ci-
pher ceding relays and arranged in groups for
selectively energizing and releasing their associ-
afed cipher coding relays, means controlled by
certain of said ecipher coding relays for selectively
actuating said groups of switching means, means
for transposing the operative connections be-
tween said cerfain cipher coding relays and said

‘actuating means, means selectively controlled by

certain cothers of said civher coding relays for
preparing said transposing means to be operated,
means operable In response to unciphered code

- signal combinations having a predetermined im-

pulse thereof conforming to a _partieular impulse
characteristic for operating said prepared actu-

ating means, and means operable once for each

 signal code combination impressed upon said sig-

3%}
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Impulse of unciphered code signal combinations

for transposing the cperative connections be-
tween said certain cipher coding relays and said
actuating means.

14, In a telegraph system, a ssagnel responsive
relay, a signal generating relay, a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said sicnal respon-~

sive relay, sw:r.tehmg means mdmduel to said ci- 75

Instrumentalities,

nal responsive relay for further transposing the
operative connections between the first-men-
tioned certain of said eipher coding relays and
said actuating means.

17, In a telegraph system, a signal responsive
relay having an armature operable between
marking and spacing contacts of opposite polar-
ity, a signal generating relay having a polar op-
erating winding energizable from either of said
contacts over either of two paths connected to
opposite terminals of said winding, a plurality
of switching instrumentalities for selecting either
of sald patis, means for actuating said switching
means for operating said
switching instrumentality actuating means,
means for transposing the operating connections
between said operating means and said switeh-
ing instrumentality actuating means, and means
responsive to the polarity received by said ar-
mature from one of gaid contacts for operating
sald transposing means.

18. In a telegraph system, a signal responsive
relay having an armature operable bhetween
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marking and spacing contacts of UppOSIte polar-
ity, a

contacts over either of two paths connected 1o

signal generating relay having a polar op-
erating winding energizable from either of said

a8

the nature of each conversmn after the first as
g function of a deciphering mechanism and the

- preceding message code eombinatioil.

opposite terminals of said winding, a plurality of
-cipner codmg relays for contrelling sald- signal

 gwitching instrumentalities for selectmn' either of

said paths, means: for actuating said switching
) said
means,
means for transposineg the operating connections -

. ‘means for operating
instrumentality - actuating

instrumentalities,
switching

24, Tn a telegraph system, g .signal wSponswe
rela,y, signal generating relay, a plurality of -

generating relay jointly with said signal respon-

sive relay, switching means comprising a plu-

- rality of conta,cts and a contactor individual to

between. said operating means and said switching

instrumentality actuating means, and meang re-

 sponsive jointly to the polarity received by said

armature and to the path selected by said switch-
ing 1nstrumenta11t1es for operatmg sald transpos-
_ing means..

19. In a tﬂlegraph system means for generat-

ing telegraph signals to be transmitted to a dis-

‘tant point, a signal responsive relay responsive
alternatively to signals generated by sald gen-
erating means or to signals received from a dis-

tant point, said relay having an armature oper-.

able between marking and spacing contacts of

- opposite polarity, a signal generating relay having

a, polar operating winding energizable from either
"~ of said contacts over elther of two paths con-
nected to ovposite terminals of said winding, &

pluraltiy of - switching mstlumenta,lltles for se-

15
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lecting either of said paths, means for actuating

 said switching instrumentalities, means for op-
erating said switching instrumentality actuating

‘means, means for transposing the operating con-
" nections-between said operating means and said
gwitching - instrumentality actuating means,

" means controllable alternatively according to the

polariy received by said armature from one 01
“said centacts or according to the path selecied

30
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each of said c1phe1 coding relays, mterchangeable

means for connecting the energizing winding of
“the cipher coding relay to less than all of the -
contacts cf its switching means in variable com- .

binations, and means for selectively advancing
the contactors of said.switching means to cause.

said cipher coding relays to be: selectwely ener-

gized and released.

25, In a telegraph. system a mgnal responswe :
relay, a signal generating relay, a plurality of
cipher coding relays for controlling said signal
generating relay jointly with said signal respon-

sive relay, switching means comprising a plu-

rality of contacts and a contactor individual to
each of said-cipher coding relays, means univer-
interchangeable among said switching

means and said cipher coding relays for connect-
mg the energizing winding of each clpher coding
relay to less than all of the contacts of its switch-
ing means in variable combinations, and means
for selectively advancmg the contactors of said

- _smtcl‘ung means to cause said cipher coding re-

35

by said switching instrumentalities and the po-

larity received by said armature from sald con-

~ tacts for operating said transposing means, and

means controlied by said telegraph signal gener-

ating means for selecting the alternative oper-

ating conditicns of the Operatmﬂ' means for said
transposing means.

- 20. A method of mphermg, at the tra,nsmlttmg_' ]

end, and deciphering at the receiving end, a per-
mutation code message which comprises initiat-

lays to be selectively energized and released. -
- 26, In a telegraph system, a signal responsive
relay g, signal generating relay, a plurality of ci-

" pher coding relays for controlling said signal gen-.

erating relay jointly with said signal responsive

relay, switching means individual to said -cipher

coding relays and arranged in groups for selec-
tively energizing and releasing their associated
cipher coding relays, means controlled by certain

of said cipher coding relays for selectively actu-

ating said groups of switching means, and means

‘operable in response both to code signal combi-

nations before ciphering and to code signal com-
binations after deciphering having a predeter-
mined impulse thereof conforming to a particular

. impulse characteristic for transposing the opera-

ing ciphered transmission and deciphered recep- -

~ tion of a message at corresponding starting points

in identical ciphering and deciphering sequences
“and causing identical changes in sald sequences

at random intervals as & functmn of the codes

transmitted.

- 21. A method of clpherlng, at the transm1tt1ng-
end, and deciphering at the receiving end, a per-
mutation code message which comprises initiating

ciphered transmission and deciphered reception

of a message at corresponding starting points in

identical ciphering and deciphering sequences
and causing identical changes in said sequences

at random intervals under control of the unci-
phered codes transmitted and correspondingly

- under control of the deciphered codes received.
22. The method of ciphering permutatmn code

messages which comprises converting each mes-

~ sage code combination to ke transmitted into an-

other code combination selected at random and
converting each successive message code combi-

“nation into a code combination determined as a
~combined function of a mphermg mecha,msm and
- the precedmg message code.

23. The method of declphermg clphered per-.""
mutation code messages which comprises con-

verting each received cipher code combination
- into a message code combination and determining

|
B
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| tive connections between said certain cipher cod-
ing relays and said actuating means.

27. In g system for selectively establishing the'

'startlng condition of telegraph signal ciphering

apparatus, a plurality of stepping switches each
including at least one bank of contacts for caus-

Ing the'c] phermg of telegraph signals and at least

one other bank of contacts and a2 contactor for

- each of said banks, a stepping magnet for each

switch having an interrupter contact, means for
preparing a circuit from any contact of said other
bank of each switch over which to energize its
stepping magnet thmugh the contactor cooper-
ating with said other bank in shunt relation to its
interrupter contact, and means for simultaneous- -

1y completing the energizing circuits of all of said
stepping magnets through their interrupter con-
3. tacis to initiate advancement of sald contacts to-

ward completicn of said prepared circuits.
- 28. In a system for seclectively establishing the
starting condition of telegraph signal ciphering

apparatus, a plurality of stepping switches each
including at least one bank of contacts for caus-

ing the ciphering of telegraph signals and at least

~one other bank of contacts and a contactor for
- each of said banks a steppmg magnet for each
- switeh having an ,111_teir.upter contact, manually

operable __means for preparing simultaneo_USly' a
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circuit from one contact of said other bank of
contacts of each of said switches over which to
energize the stepping magnets associated with
said switches through the contactors associated

with the respective other banks in shunt relation

to the interrupter contacts of said magnets, and
means for simultanecusly completing the ener-
gizing circuits of said magnets through their in-
terrupter contacts to initiate advancement of
said contactors toward completion of sald pre-

- pared circuits.
29. In a system for selectively establishing the

&

10

starting condition of telegraph signal ciphering

apparatus, a plurality of stepping switches each
including at least one bank of contacts for caus-

15

ing the ciphering of telegraph signals and at

least one other bank of contacts and a contactor
for each of said banks, a stepping magnet for
each switch having an interrupter contact, a plu-
rality of manually and individually operable de-
vices for preparing circuitg from any one of cer-

tain selected contacts of said other bank of each

said switches in combinations of one circuit for
each such bank over which to energize the step-
ping magnets associated with said switches

through the contactors associated with the re-
spective banks in shunt relation to the inter-
rupter contacts of said magnets, and means for

simultaneously completing the energizing circuits

of said magnets through their interrupler con-

tacts to initiate advancement of said contactors
toward completion of said prepared circuits.

30. In a system for selectively establishing the
starting condition of telegraph signal ciphering

apparatus, a plurality of stepping switches each :

including at least one bank of contacts for caus-

ihg the ciphering of telegraph signals and at least

one other bank of contacts and a contactor for
each of said banks, a stepping magnet for each
switch having an interrupter contact, means for
variably and selectively extending conductive

paths from more than one contact and less than

20 per cent of the contacts of said other bank of
each of said switches, a plurality of manually
and individually operable devices for preparing
circuits over one of the conductive paths from
said other bank of each switch in variable com-
 binations of one circuit from each such bank over
“which to energize the stepping magnets associ-

ated with said switches through the contactors

associated with the respective banks in shunt re-
lation to the interrupter contacts of said magnets,
and means for simultaneously completing the en-
ergizing circuits of said magnets through their
interrupter contacts to initiate advancement of

said contactors toward completion of said pre-

pared circuits. |

31. In a system for selectively establishing the
starting condition of telegraph signal ciphering
apparatus, a plurality of stepping switches each
including at least one bank of contacts for caus-
ing the ciphering of telegraph signals and at least

one other bank of contacts and a contactor for

each of said banks, g stepping magnet for each
switeh having an interrupter contact, means for
preparing g circuit from any contact of said other

20
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bank of each switch over which to energize its

stepping magnet through the contactor cooper-
ating with said one bank in shunt relation to its
interrupter contact, means for simultaneously
completing the energizing circuits of said magnets
through their interrupter contacts to initigte ad-
vancement of said contactors toward completion
of said prepared circuits, an indicator device, and
means operable over each of said prepared cir-
cuits upon completion of said circuit for coopera-
tively operating said indicator device to indicate
completion of ali of sald circuits.

32. In a system for selectively establishing the
starting condition of telegraph signal ciphering
apparatus, & plurality of stepping switches each
including at least one bank of contacts for caus-
ing the ciphering of telegraph signals and at least -
one other bank of contacts and a contactor for
each of said banks, a stepping magnet for each
switch having an interrupter contact, means for
preparing a circuit from any contact of said other
bank of each switch over which to energize the

stepping magnet through the contactor cooperat-

ing with said bank in shunt relation to its inter-

. rupter contact, means for simultaneously com-

pleting the energizing circuits of said magnets
through their interrupter contacts to initiate ad-
vancement of said contactors toward completion
of said prepared circuits, a relay associated with
each of said prepared circuits and operable upon

‘ecompletion of its eircuit, g chain circuit path nor-

mally open at an armature and contact of each
of said relays, and an indicator device operable
over said chain circuit path for indicating com-
pletion of all of said prepared circuits.

33. In a system for selectively establishing the
starting condition of telegraph signal ciphering

- apparatus, the combination comprising a plu-

rality of stepping switches each having banks of
contacts and a contactor for each bank, a step-
ping magnet for each switch having an inter-
rupter contact, means for preparing g circuit
from any contact of one bank of each switch over
which to energize its stepping magnet through
the contactor cooperating with said one bank in
shunt relation to its interrupter contact, and
means for simultaneously completing the ener-
gizing circuits of all of said stepping magnets
through their interrupter contacts to initiate ad-
vancement of said contactors toward completion
of said prepared circuits.

34. In g system for selectively establishing the
starting condition of telegraph signal ciphering
apparatus, a plurality of stepping switches each
including at least one bank of contacts for caus-
ing the ciphering of telegraph signals and at least

" one other bank of contacts and a contactor for

each of said banks, means associated with each of

 said switches for causing step-by-step operation

60

thereof, means for selectively preconditioning one
contact of said other bank of each of said switches
to interrupt said step-by-step operation, and
megns for initiating simultaneous continuous
step-by~step operation of all of said switches to-

ward said preconditioned contacts..
- JOSEPH W. DEHN.
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