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1

The invention relates to telegraph systems in
which messages are transmitted in successive
steps or stages with automatic line selection, and
more particularly to systems in which the indi-
vidual customers or subscribers are provided with
‘'sending and receiving apparatus for the trans-
mission and reception of messages.

In systems of the above general character, each
subscriber is connected by suitable line wires with
a central switching point commonly called a “cen-
tral office” or “exchange” at which the neces-
sary switching operations are performed to di-
rect messages from the calling station to the
called station. The system may, of course, in-
clude more than one exchange, and in such cases
the exchanges are interconnected by means of
trunk lines for handiing the traffic between sub-
- gseribers whose llnes terminate at different ex-
changes.

The character of the switching operations at
the central exchange will depend. largely upon
the particular method of message forwarding em-
ployed in the system, that is, whether the mes-
sages are forwarded in a single stage or in a plu-
rality of stages. In one type of single-stage sys-
tems a through-line connection is established -be-
tween the calling station and the called station,
and the message is thereafter transmitted. over
such connection. In single or multiple-stage sys-
tems of the storage type messages are relayed
through a series of intermediate points, the mes-
sages being stored at each point pending their
transmission to a succeeding point. In such sys=
tems, the transmission paths between the inter-
mediate points are established and released in
succession as the message progresses toward its
destination. Multiple-stage systems accordingly
provide efficient use of the line equipment and
switching apparatus since these are held in use
only during the time that a message is in course
of transmission.
~ In certain known systems of both of the above,
the switching operations required to direct mes-
sages to their destinations are performed manu-
ally. Thus, in single stage direct connection sys-
tems an exchange operator establishes a connec-
tion between the calling and the called station
by interconnecting the several lines and trunks
through the medium of cord circuits. In the
multiple-stage systems, however, a message as
sent out by the originating subscriber is ordi-
narily received on a printer at the central ex-
change. The printed message is then conveyed
to an operator assigned fo the trunk or trunks
extending to the next exchange or station to

10

20
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2

which the message is to go. The operator trans-
mits the message manually by means of a key-
board transmitter or reproduces it on a manual-
ly operated perforator in the form of a paber
tape suitable for operating s transmitter. In
the latter case, the tape is fed to a transmitter
associated with a line leading to the called sub-
seriber or to an intermediate point or exchange
when necessary. It will be apparent that the
manual operations required in either type of sys-
tem add materially to the cost of the service and
introduce substantial delays in the time required
for message transmission.

A novel and efficient system particularly suit-
able for automatic transmission within and be-
tween telegraph exchanges is disclosed in appli-
cant’s copending application Serial No. 319,047
(filed November 13, 1928), Patent No. 2,380,894
dated July 31, 1945. In that system, the messages
are transmitted through a plurality of stages un-
der control of a portion of the message. The
present - invention represents further develop-
ments and improvements over the methods and
apparatus disclosed in the said prior application,
and its general object is to extend the range of
automatic operation so as to embrace subscribers’
stations provided with extensively employed com-
mercial types of equipment to the end that mes-
sages may be relayed from their points of initial
origin directly to their fina] destinations of trans-
mission at such subscribers’ stations without the
intervention of an attendant.

An object is to provide an improved automatic
telegraph system utilizing novel methods of and
apparatus for receiving, storing and retransmit-
ting telegraph messages whereby the apparatus
and line equipment of the system may be oper-
ated at maximum efficiency.

Another object is to provide improved tele-
graph receiving, storing and transmitting ap-
paratus in the form of compact, self-contained
equipment units which can be readily adapted
for service under a wide variety of operating con-
ditions and from which any type of exchange sys-
tem from small single office systems to the largest
mulii-office systems may be built up. By reason
of this standardization of the equipment units,
manufacturing costs are reduced to a minimum
and maintenance of the equipment is greatly fa-
cilitated.

. Anocther. object is to provide an improved au-
tomatic telegraph exchange system utilizing novel
exchange apparatus which permits the use of
relatively simple, slow speed transmitting and re-
ceiving apparatus at the subscribers’ stations
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and which provides for relaying messages through
the exchange at extremely high speed so as to
reduce the amount of apparatus required to han-
dle traffic through the exchange and to eliminate
the delay commonly known in the art as “office
drag.”

Another object is to provide novel means for
automatically testing the effectiveness of the
transmitting and receiving apparatus and line

equipment prior to transmission thereover in.

order to effectively prevent mutilation or loss of
messages due to faulty lines or apparatus. ,

Another object is to provide a novel method
of and apparatus for distributing traffic -over a
group of equipment units in accordance with the
capacity of the individual units to handle the
same.

Another object is to provide novel mechanism
for establishing transmission paths for the trans-
fer of messages from one switching stage to the
succeeding switching stage which mechanism is
capable of operating reliably and accurately at
high speeds and which is released for common
use immediately upon the establishment of each
transmission path.

Still another object is to provide a novel
method of and apparatus for supervising the
traffic movement through an automatic telegraph
exchange.

A further object is to provide novel means for

handling messages of different classes expedi-
tiously and efficiently.

Other objects and advantages of the inven-
tion will become apparent from the following

detailed description of the exemplary embodi-

ment illustrated in the accompanying drawings,
in which:

Ficures 1 and 2 are layout diagrams of two
exchanges of a multi-exchange telegraph system
embodying the features of the invention.

Fig. 3 is a diagrammatic view of the signal
storage mechanism interposed between the re-
corder and transmitter of each relay unit.

Pig. 4 is a perspective view of the start-stop
recorder of a relay unit.

Fig. 5 is a fragmentary vertical sectional view
of the recorder shown in Fig. 4.

Fig. 6 is a detail view of the recorder line re-
lay and control elements associated therewith.

Fig. T is a perspective view of the message *

counting mechanism.

Fig. 8 is a sectional view of the princinal trans-
mitting cam shaft and the clutch controlling de-
tents for stopping the shaft in different rest po-
sitions as employed in the various relay units.

Pig. 8% is a detail view showing the arrange-
ment of the clutch detents at the No. 3 and 4
rest positions.

PFig. 9 is a fragmentary persnective view of
the transmitting cam shaft and various switches
actuated thereby.

PFig. 10 is a vertical sectional view of a primary
relay unit equipped with a recorder arranged
for simultaneous reception.

Fig. 10® is a perspective view of the end-of-
message feeler mechanism,

Fig. 11 is a persnective view of the class-of-
message feelers of the primary relay unit trans-
mitter.

Fig. 112 is a perspective view of the signal
transmitting feelers.

Fig. 12 is a view showing one of the line
switches for selectively connecting a trunk line
to the transmitter of a primary unit.

Fig. 13 is g vertical sectional view showing the
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general arrangement of the parts of an interme-
diate relay unit.

Fig. 14 is a perspective view of the test signal
checking feeler.

Fig, 15 is a fragmentary view partly in plan
and partly in elevation showing the mechanism
for indicating the availabality or non-availabil-
ity of an intermediate relay unit.

Fig. 16 is a perspective view of a permutational

line selector showing one of the switches con-

trolled thereby.
Pig. 165 is .a partial perspective view of an in-

~termediate relay unit transmitting cam shaft.

Fig. 17.is a perspective view showing a part

-of the loop indicator and the level switch mech-

anism of an intermediate relay unit.

Fig. 178 is a partial perspective view of the
full storage stop control means.

Fig. 18 is a perspective view of the level
switcher.

Fig. 19 is a perspective view of a primary so-
licitor and associated level shunt mechanism.

Fig. 19 is a horizontal sectional view show-
ing details of the plunger selecting mechanism
of the solicitor.

PFig. 190 is a detail view of one of the circulat-
ing blocks forming a part of the plunger select-
ing mechanism.

Pig. 20 is a perspective view of the primary
time assigner.

Fig. 20% is a diagrammatic view showing the
switches and switch operating cams of the level
switcher.

Figs. 21 to 30, inclusive, are circuit diagrams
showing the electrical circuit arrangement of
different parts of the exchange shown diagram-
matically in Fig. 1.

Fig. 31 is a diagram showing the manner in
which Figs. 21 to 30, inclusive, should be ar-
ranged to illustrate the relationship of the vari-
ous equipment units and the electrical circuits of
a complete exchange constructed in accordance
with the invention.

Fig. 32 is a diagrammatic view showing parts
of the start-stop transmitter of a terminal re-
lay unit.

Fig. 33 is a perspective view of the distributor
as employed in the terminal relay units.

The system in general

In the improved telegraph system contemplat-
ed by the invention, each subscriber’s station is
equipped with telegraph transmitting and re-
ceiving apparatus for sending and receiving
messages electrically in the form of code sig-
nals. In sending a message the subscriber in-
corporates in it one or more directing signals
including an order of preference portion or class-
of-message signal, an address portion consisting
of one or more signals indicating the destina-
tion of the message, and an end-of-message
signal.

The directing signals and those representing
the body of the message are recorded at the ex-
change, and the latter are relayed automatically
through one or more switching stages to the
destination point under conftrol of the directing
signals. While any suitable means may be em-
ployed for relaying the messages, it Is preferred
to utilize equipment capable not only of receiv-
ing and transmitting, but also of temporarily
storing one or more messages in mechanical form.

In the exemplary form herein shown, the equip-
ment for relaying the messages comprises an as-
sembly of relay units, each including a signal re-
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ceiving mechanism or recorder, a signal storage
mechanism including a mechanical storage medi-
um, and a signal transmitter. These units are all
driven in exact synchronism as by synchronous
electric motors operating from a common source
of power. While the relay units are all of simi-
lar construction, their recorders and transmitters
are arranged to receive and transmit sighals ac-
cording to the system of transmission best suited
to the conditions under which the units are re-
quired to operate. Thus, there is provided a basic
equipment organization which can be adapted for
operation under a variety of conditions by rela-
tively simple changes in the individual compo-
nents of the same.
equipment reduces manufacturing costs and fa-
cilitates maintenance of the equipment.

In the exchange the units are arranged in suc-
cessive ranks or switching stages suitably inter-

connected by local trunk lines so that messages ¢

can be transferred step by step from one rank
of units to the next, each unit advancing the mes-
sage toward its destination. The transfer of
messages is effected under control of novel trafiic

distributing mechanism arranged to prevent two 2

units of one rank from simultaneously seizing the
same unit of the next rank or one of the first
mentioned units from seizing two of the latter
units and for keeping the traffic unifcrmly dis-
tributed over the various units.

The general arrangement of the relay units and
the manner in which they function in relaying
messages from a calling subscriber to a called
subscriber may be readily seen by reference to the
exemplary telegraph system of which the trunk-
ing layout of two exchanges A and B is shown
diagrammaeatically in Figs. 1 and 2 when these
figures are placed end to end with Fig, 2 at the
right. It will be understood, of course, that the
system may consist of any desired number of
exchanges.

Referring to Figs. 1 and 2, the exchanges shown
by way of illustration are generally similar, each
having three switching stages or three ranks of
relay units. The relay units of the first rank
hereinafter called “primary relay units” and des-
ignated generally by the reference character PR
with the suffixes 1 to 5, inclusive, are adapted to
receive and store messages transmitted to the ex-
change over subscribers’ calling lines and incom-
ing trunk lines from other exchanges of the sys-
tem. Thus certain of the primary units, in this
instance the units PRs and PRs terminate calling
lines Clp and ClLg from subscribers’ stations P
and @. For convenience of identification the sub-
scribers’ stations are further distinguished by the
sufix @ or b to designate the exchange in which
the lines terminate. Other of the primary units
PR terminate incoming trunk lines Ta, Th, Te
and Ta from other exchanges of the system.

The second or intermediate rank of units des-
ignated generally by the reference character IR
with suffizes 1 to 9, inclusive, and conveniently
called “intermediate relay units” constitutes a
storage reservoir for gll incoming messages re-
ceived by the primary units, the messages being
transferred to the intermediate units selectively
under control of signals incorporated therein,
As herein shown, the intermediate units are di-
vided into three groups for handling messages
of different classes. The class-of-message sig-
nal incorporated in the message determines the
particular group of intermediate units to receive
the message, thus first class messages are auto-
matically routed to the units IR;, IRz or IR3

This standardization of
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constituting group No. 1, ordinary messages are
routed to units IR4, IR5 or IRs constituting group
No. 2, and third class messages are routed to units
IR7, IRs or IRe constituting group No. 3.

Messages stored in the intermediate relay unit
groups are transferred selectively in the order of
their preference to “terminal units.” These units
are designated generally by the reference charac-
ter TR with suffixes 1 to 5, inclusive, and consti-
tute the third rank of relay units. Thus, mes-
sages stored in group No. 1 have preference over
messages stored in the other groups or more par-
ticularly, any unit of the latter group seeking a
transmitting channel coincidentally with a unit
of the preferred group must wait until the unit
of the preferred group has obtained its channel
Similarly, messages stored in group No. 2 are
given preference over messages stored in group
No. 3. The transfer of the messages from the
intermediate units to the terminal units is ef-
fected selectively under control of the address sig-
nal or signals embodied in the message. The
terminal units TR in turn, relay the messages
over receiving lines RL to the subscribers’ sta-
tions or over trunk lines T to other exchanges in
the system.

Prior to the transfer of a message from one
rank of units to the next, test signals are auto-
maticelly transmitted over the transmission path
to determine the operativeness of the equipment
involved. If the test signals are correctly re-
ceived at the receiving unit, transfer of the entire
message is immediately initiated. If, however,
the test signals are not correctly received, the
sending unit is. stopped in a trouble position and
a signal is operated to notify an attendant of
this condition.

While start-stop or any other suitable system
of transmission may be utilized in relaying mes-
sages through an exchange, the exemplary sys-
tem utilizes simultaneous transmission, that is a
system of transmission in which all of the com-
ponents of a signal combination are transmitted
simultaneously over separate transmission paths.
These paths may consist of separate conductors
or separate carrier channels on a single conduc~
tor. Because of its substantially higher speed,
this type of transmission materially increases the
operating efficiency of the apparatus and trunk-
ing equipment and reduces the amount required
to handle a given volume of trafiic. It also elimi-
nates or substantially reduces the delay or “office
drag” in the passage of a message through the ex-
change system thus incressing the speed of
service,

Start-stop transmission is preferably employed
between subscribers’ stations and the exchanges
since it permits of installation at the subscriber’s
station of apparatus which is a close approxima-
tion to conventional equipment and inexpensive,
simple to operate, and of sufficiently rugged con-
struction to be maintained in proper operating
condition with a minimum of labor and expense,
Moreover, this system of transmission is par-
ticularly suitable where manually operable trans-
mitters are employed as such transmitters are
inherently limited to the sending speed of the
operator.

The system of transmission employed between
exchanges will depend upon many different fac-
tors such as the volume of the trafiic, the distance
between exchanges, the line equipment available,
ete. Where traffic is extremely heavy and suit-
able line equipment is available, simultaneous
transmission is advantageous on account of its
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speed. Where traffic is heavy but line equipment
is limited, synchronous transmission may be em-
ployed. For light traffic start-stop transmlssmn
is usually satisiactory. 'The primary relay units
and terminal relay units are therefore provided
with recorders and transmiters suitable for the
particular system of transmlssmn employed.

In order to provide for the most efiicient use
of intermediate relay units which are acessible
to a plurality of primary units, the invention
provides a novel means for distributing the traffic
thereto. This apparatus identified generally as
the “primary distributing mechanism” is inter-
posed between the primary relay units and the
intermediate relay units. Generally similar ap-
paraum conveniently called “secondary distribut-
ing mechanism” is interposed between the inter-
mediate relay units and the terminal relay
units. ’

The primary distributing mechanism includes
among other things, a distributing device or
“solicitor” PS which, in cooperation with level
switching mechanism incorporated in the several
intermediate relay units and a “level switcher”
LEV (Figs. 22, 25 and 28) determines the par-
ticular order in which the intermediate units are
made available for the reception of messages.
separate solicitor and level switcher is provided
for each group of intermediate relay units. These
are distinguished by the suffixes 1, 2 and 3 ap-
plied to the references PS and LEV as shown
particularly in Figs. 22, 25 and 28. Preferably,
distribution of traffic to the intermediate units
is made in accordance with the amount of mes-
sage matter in storage in the several units so
that the units are kept uniformly loaded and ex-
cessive accumulation of messages in one or more
of the units is effiectually avoided.

Associated with each solicitor PS is a control
device or time assigner PT which determines
the order in which the primary units are con-
nected with the intermediate units for the trans-
fer of messages. The time assigners thus effec-
tually prevent simultaneous seizure of the same
intermediate unit by two primary units,

The secondary distributing mechanism includes
a solicitor SS for each group of lines or trunks
having a common destination. One such group
is shown for each of the exchanges, the group

for exchange A comprising the trunk lines Ta :

extending to exchange B and the group for ex-
change B comprising the trunk lines Th extend-
ing to exchange A. Time assigners STi, ST2
and ST: of which there is one for each group of
intermediate units, control the order in which
the intermediate units of the groups establish
transmitting connections to the terminal units
TR. In the case of messages directed to the ter-
minal units TR3 and TR4, all of the time assigners
ccoperate with the solicitor SS provided for that
trunk group. Moreover, these time assigners are
suitably interlocked to govern the order in which
the intermediate unit groups are conditioned for
transmission of the different classes of messages
stored therein.

In order to provide the necessary supervision
of ‘traffic going through the system, there is pro-
vided at each exchange a “supervisory switch-
board” SB interconnected with the various relay

units and arranged to indicate any non-standard 7

condition that may arise. For example, when the
storage capacity of any relay unit becomes sub-
stantially exhausted, thls condition is im-
mediately indicated by operatlon of an appro-
priate signal. Other signals are operated in the
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event that transmission ‘of the foremost message
in storage at any mtermedm.te umt is unduly
delayed.

A relay unit FAR is arranged to receive mes-
sages transmitfed with faulty address or direct-
ing signals or messages which have lost their
directing signal or have been mutilated in trans-
mission. These relay units are preferably ar-
ranged to retransmit the messages to standard
telegraph printers TP which reproduce them in
printed form. The attendant or supervisor may
either make the necessary corrections to insure
proper forwarding or notify the sending sub-
seriber of the non-dehvery of the message.

Messages may be sént by means of a suitable
transmltter ET located at the exchange office
which operates with a primary unit PR¢ similar
to and grouped with the primary units serving
the subseribers’ lines and incoming trunk lines.
This transm1tter may be of any suitable and well
known type.

.Subscriber’s station equipment

While transmitting and receiving apparatus
of any suitable and well known type may be pro-
vided at the subscriber’s station, it is preferred
to employ keyboard operated telegraph type-
writers of the start-stop type for the reasons
hereinbefore explained. Transmitters Ts and re-
ceivers Rs of this character are shown diagram-
matically in Figs. 24 and 27. As herein shown, a
calling line CL extends from the transmitter to
the exchange and a separate receiving line RL ex-
tends from the exchange to the receiver. It will
be understood, however, that transmission and
reception may be carried on over a single line
if desired.

Referring to Fig. 24, the transmitter Ts includes
a switch | which is closed upon the depression
of any of the keys of the keyboard. Closure of
this switch energizes a cam shaft release magnet
2 provided there is a battery potential on the line
CL to which the magnet is connected. Energiza-
tion of the magnet 2 releases the cam shaft for a
single revolution whereby transmitting switches
3, one for each of the flve components or in-
tervals of the code signal, are actuated succes-
sively. The particular switches closed upon such
actuation is determined in well known manner
by the parmcular key operated. Each group of
signal 1mpulses is preceded by a start impulse and
followed by a stop interval, the first being a cur-
rent impulse and the latter a no current condi-
tion.

A signal lamp 4 at the fransmitter is lighted
to indicate that the line CL is in condition for
transmission. Openmg of the line as when the
associated relay unit is unable to receive message
matter extinguishes the lamps to call attention
to this condition. ~Moreover, when the line is
open, magnet 2 cannot energize to release the
transmitter cam shaft, hence the fransmitter re-
mains locked out until the line is closed again.
‘As shown in Figs. 91, 24 and 27 a manually op-
erable switch MS is provided for opening the call-
ing line when temporary mterrupmon of same 1s
necessary for any reason )

” Receiver Rs 1ncludes ‘the usual line magnet $
which responds mltlally ‘to the start impulse to
release the receiver cam shaft and then to the
slgnal 1mpulses ‘to set the selector mechanism for
selection of a prlntmg bar or a function perform-
ing element. Through the medium of a manually
operable switch 6., the magnet § may be discon-
nected from the hne RL thus markmg the lme
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a5 out of service so that it cannot be seized by
the terminal unit at the exchange. '

Relay units

In general—The relay units employed in the
system disclosed in the present application are
modifications of the basic unit shown in the prior
application Serial No. 319,047, As indicated by
the legends in Fig. 3, each relay unit includes a
signal responsive mechanism or recorder, signal
storage mechanism, and a signal transmitter.

The storage mechanisms of all the units are
substantially identical with that of the prior ap-
plication, but the recorders and transmitters of
certain of the units have been modified to adapt
them for the different operating conditions met
with in a comprehensive telegraph system. Thus,
the recorders of the primary relay units asso-
ciated with the supervisors’ and subscribers’ lines

CL and the trunk lines connecting exchanges A ,,

and B (Figs. 1 and 2) are arranged to receive
signals transmitted by the start-stop system.
The other relay units of the exemplary system
are equipped with recorders for receiving sig-

nals transmitted by the simultaneous system as

explained in detail in the prior application.
The transmitters of the various units are simi-
larly modified, those for the primary and inter-
mediate units and for the terminal units asso-
ciated with the trunk lines to exchanges C and
D transmitting simultaneous signals. The re-
maining terminal units including those asso-
ciated with subscribers’ receiving lines RL and
with the trunk lines connecting exchanges A and
B are equipped with start-stop transmitters.
Relay unit storage mechanism.—As the stor-
age mechanism for all of the relay units is sub-
stantially like the mechanism disclosed in the
prior application, a brief description will suffice.
In general, this mechanism comprises a storage
medium, preferably a flexible band 6 (Figs. 3 and
5) consisting of a plurality of -individual signal
carriers 1 linked together to form an endless
chain. Each carrier or link 7T is equipped with a
set of individually movable control elements or
pins 8’ which may be set in different permuta-
tional combinations representing character or
control signals. In the present instance, there
are five pins in each link cerresponding to the
five components of the permutational signal or-
dinarily employed in telegraphic transmission.
The recorder and transmitter of the relay unit
are associated with the chain at spaced points
hereinafter called respectively the recording point
and the transmitting control point. That portion
of the chain between the recording point and the
transmitting control point constitutes a storage
section of variable capacity, while the remainder
of the chain constitutes a supply section from
which blank links may be delivered according to
the variable requirements of the recorder.
For the reason set forth in detail in the prior
application, the storage chain in passing from
the recording point to the transmitting control
point, is arranged to form g series of loops 4’
which may vary in length as the quantity of mes-
sage matter in the storage section increases or
decreases. A corresponding arrangement of loops
5’ is provided in the supply section, these loops
varying in length to compensate for the varia-
tions in the loops 4’, fixed over-all length of the
loops in the storage and supply sections being
thereby maintained. A blanker 68’ acts to set all

of the pins in blank or non-pushed position before .
75

_the chain is fed into the supply section.
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To permit movement of the storage chain past
the recording and transmitting points at high
speeds, relatively short sections of the chain im-
mediately associated with the recorder and trans-
mitter, are arranged for advancing movement in-
dependent of the main body of the chain in the
storage and supply sections. These sections com-~
prise short loops of low inertia hereinafter called
the recorder loop §’ and the transmitter loop T'.
The chain is fed automatically into thwese loops
from thé supply and storage sections by drive
mechanism of the type disclosed in said prior
application. 'The mechanism for advancing the
chain in the loops 6’ and 7’ past the recording
and transmitting points will be described herein-
after in connection with the various types of re-
corders and transmitters.

Primary relay unit start-stop recorder

Signal reception.—In the exemplary system
(Fig. 1) the primary relay units associated with
subscribers’ calling lines CL and with start-stop
trunk lines Th are equipped with recorders adapt-
ed for the reception of start-stop signals. Due to
the character of these signals, operation of the

recorder is intermittent, the start impulse of each

signal initiating an operationg cycle which ter-
minates with the stop interval of the signal. Dur-
ing the cycle the five significant impulses of the
signal are recorded on the storage medium or pin
chain by appropriate setting of the pins presented
at what may be called the recording control point.

In order to properly time the various operations

f the recorder with respect to the incoming sig-
nal impulses, the various operating elements are
actuated or controlled by a cam shaft driven sub-
stantially in synchronism with the cam shaft
of the transmitter at which the signals originate.
The cam shaft also controls the feed of the pin
chain through the recorder loop so that at the
proper time in each cycle a blank link is pre-
sented at the recording position. It will be under-
stood, of course, that the cam shaft and other
parts of the recorder are mounted in suitable
framework (not shown) which is rigidly secured
to the framework of the relay unit.

As explained hereinbefore, the primary units
are arranged to retransmit stored messages by
the simultaneous method of transmission which
is preferred because of its relatively high speed.
Start-stop transmission is inherently slower than
simultaneous transmission. Hence, in order to
properly coordinate the recording and transmit-
ting apparatus of a unit, the recorder is provided
with means for initiating retransmission only aft-
er a message has been completely received as in-
dicated by an end-of-message signal. Additional
means is provided for running out a plurality of
blank links following each message so that all of-
the message links may be presented at the trans-
mitting point without waiting for additional in-

. coming message signals.

Pin setting mechanism —Referring to Figs. 4
and 5, the pin setting mechanism in its preferred
form, comprises a series of pin pushing devices
successively conditioned for selective operation
under the control! of successively received signal
units. As shown, said devices comprise five push
rods 21 supported and guided on a frame or car
22 for movement toward and from the chain link
at the recording point. The rods are spaced apart
laterally to aline axially with the pins of the link
so that each rod when actuated is effective to

-push the associated pin into what may be called

the “pushed” . position,
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) Actu°tlon of the push rods 21 is effected by
power driven means including a selectively oper~
able reciprocatory actuator 23 acting through the
medium of push bars 24 articulated to the outer
ends of the push rods for limited pivotal move-
ment in a vertical plane. Each push bar is formed
with a head 25 adapted to be conditioned for se-
lective operation by movement. into the path of

the actuator when the bar is elevated by a cam .

26 fast on a cam shaft 21. One such cam is pro-
-vided for each push bar, the cams being arranged
in staggered relation so that the bars are elevated
in g definite sequence corresponding to the five im-
pulses of the incoming signal.. Coiled springs 28
(Fig. 5) .connected between the frame and up-
standing lugs 28 on the push bars tend to hold the
bars as well as the push rods 21 in a withdrawn
position.

‘The actuator 23, as hérein shown, is in the
form of a flat bar having at one end a generally
T-shaped head presented for. engagement with
the heads of the five push bars 24. The other end
of the actuator is pivoted as at 32 to one arm of a
floating lever 33 whose other arm is adapted to
be .blocked. selectively in accordance with the
character of the incoming signal impulses as will
be eéxplained hereinafter. The floating lever 33 is
rockably mounted on a stud 34 carried on a crank
arm 35 fast on an oscillatory shaft 36 journalled
‘in the frame of the recorder.  When the shaft is
.oscillated, the pivotal point of the floating lever
33 is first shifted toward the push bars and then
retracted. If the free end of the floating lever
.is.not blocked in. the active stroke of the lever,
it turns oh a fulerum at the point of connection
with the actuator 23 due to the resistance of the
spring 28 of the raised push bar which the actu-
.ator enzages. The push bar thus remains in its
retracted position undér these conditions and the
correspending pin of the chain is not pushed. If
the free end of the floating lever is blocked against
movement on the active stroke, the lever becomes
fulecrumed at the free end and the opposite end
with sttached actuator is advahced to actuate the
elevated push bar 24 and its associated push rod
.21 and thereby push the alinéd pin of the pin
chain into its “pushed” position.

Oscillation of the shaft 36 must be accurately
.timed with respect to the elevation of the push
kal's and both must be synchronized with the in-
.coming signal impulses. This timing is accord-
ingly controlled by.a cam shaft 4{ hereinafter
“called the main recorder cam shaft. ..
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The main recorder cam shoajt—The main re- ..

corder .cam shaft 41 is adapted to be driven
.eyclically at a speed accurately timed with re-
.spect to the speed of the transmitter from which
the recorder receives its signals. As herein
shown the cam shaft is adapted.to be driven
cyclically by . a suitable friction clutch indicated
generally at 42 which is engaged automatically in
.response to the start impulse. of the signal and
. which is disengaged coincident with the recep-
tion of the stop interval of the signal.
clutch 42 which may be of any suitable and well
.known type comprises.driving elements 43 and
432 constantly driven from a gear 44 on the majn
drive shaft of the relay unit and driven elements

60
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.85 and 452, element 45 being loosely screwed on ..

the threaded cam shaft.

. Engagement and disengagement of the clutch
.elements is effected.through the medium of a
_clutch finger 46 integral with the driven element
45,
cam shaft is interrupted and, when the finger is

When the finger is blocked, .rotation of the..

70

. recorder.
- hold the bar rétracted with the ]atch 57 occupy-

12

releaved a sprmg 41 tends to rotate the element
45 which, by reason of 1t§ threaded connection
with the shaft 41 is thereby moved into driving
rélation to the driving element of. the clutch.
The cam shaft is_then rotated until the finger
is again blocked at the end of thecycle. A spring
‘pressed detent 45c ‘engaging in a notch in the
driven element 452 acts to position the cam shaft
when the clutch is disengaged.

In the.particular embodiment 111ustrated the
cam shaft 41 is arranged to make one complete
revolution for .each of the first six signal inter-
vals. The shaft thus executes six revolutions for
‘each. sighal ‘eycle.. A double cam . device 48 on
‘the shaft 41 acting on a cam follower 48. oscil~
Jlatés the shaft 36 and swings the floating lever
33.in timed relation.to the incoming impulses.

THe. main recorder cam shaft also serves.to
drive. the cam shaft 27 in timed relation to the
signal impulses. In the present instance the
drive is effected through speed reducing gearing
including a worm 49 fast on the shaft 41 meshing
with a.worm gedr 49z on a cross shaft 50. The
shaft ‘50, in turn has a spiral pinion 51 meshing
with a spiral gear 52 fast on the shaft 27. The
gear ratios ‘are such that the shaft 27 executes
one complete revolution in'each signal cycle while
the main cam -shaft executes "six ‘revolutions.
“Thus g5 each push bar is’elevated, the floating
lever 33 and associated actuator 23 execute an
gctive stroke whereby to opérate the pin pushers
‘21, 'The .pushers are actuated, however, only
when the'free arm of the floating lever is blocked
and ‘this is controlled in ‘accordance with the
signial impiilses by a line relay TR connected to
the incoming linie and adapted to respond to the
-current and no current intervals of the signal.
The relay serves the additional function of ini-
tiating the operating cycle of ‘the main recorder
‘shaft by engaging the clutch 42,

Signal recéption—In the exemplary telegraph
‘system the primary reélay ‘unifs are associatdd
“individually with subseribers’ calling lines and
with incoming trunk lines. Uhder these condi-
tions “the line relay LR is connected dxrectly to
the line. "The relay may be of any suitable and
well known type having a light, quick acting
armiature 55 adapted to respond to the current
and no éurrént intervals of the §ignals. A coiled
_spring 56" acts to hold the armature away from
the core of tHe relay, the armatire being drawn
to'the core when the relay is ‘energized.

“"As herein shown the " armature 55 is formed
with an‘extension 57 adapted to act altelnatwely

a8 a latch for the floating lever 33 and the clutch

finger 46. "“To ‘this ‘end 'the latch and clutch
finger are arrangéd in side-by-side relation at one
side of the relay as shown'in' Fig, 6, and the
‘armature “is “supported - for lateral moven‘lent
whereby the latech may be positioned for coopera~
tion with eitlier of these “¢lements. As herein
shown, the armature 55 is pivoted on 'a hor 1zonta1

“axis between spaced lugs'58 debénding from one
‘edge -of .an’elongated bar 59 'slidably supported

for éndwise movement in’the’ framework of the
‘A coiled spring 60 normally acts to

ing’ the “dotted line’ positmn ‘of 'Fig." 6 in which
it is- 1nterposed in" the path of the clutch finger
46.. " Accordingly, when the Iitie relay responds
to the start impulse of & mgnal the latch is with-

“drawn by the rockmg of 'the armature about its
~pivot, thereby releasing the clutch finger aid

engaging the ‘driving and driven  elements of- the,
main recorder cam shaft clutch 42,
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In order to enable the latch.57 to- cooperate
with the floating lever 33 in controlling the actu-
ation of the pin pushers and to prevent disen-
gagement of the clutch 42 as the relay responds
to the succeeding impulse of the signal, means is
provided for shifting the armature support to its
advanced position (shown in full lines in Fig. 6)
immediately after the release of the cam shaft.
'This means as herein shown, comprises a cam 61
fast on the cross shaft 50 which, as above ex-
plained, is driven from the main cam shaft.. The
cam 61 acts on a follower roller 62 carried on a
pivoted bracket 82 which has an integrally
formed, upwardly projecting finger 84 engaging
the end of the armature supporting slide. The
timing of the cam 6f is such that the armature
is shifted to the right and the latch 57 is posi-
tioned for cooperation with the floating lever 33
throughout the five intervals of the signal fol-
lowing the start interval. Thereafter the sup-
porting slide and armature are returned to re-
tracted position to render the latch effective to
block the clutch finger 48 upon receipt of the stop
interval of the signal.

Chain advaence~During the reception of sig-

nals at the recorder, the recorder loop of the
' ‘storage chain is advanced intermittently to pre-
sent a blank link at the recording position in each
signal cycle. At the end of the message, the

chain is advanced continuously to introduce a 3

supply of blank links sufficient to allow the last
link of the message to be presented at the trans-
mitting point before the next message is received.
‘Separate power driven means herein shown as

positively acting clutches 71 and 72 (Fig. 4) are :

provided for imparting the intermittent and con-
‘tinuous movements to the chain through the
medium of a common drive mechanism compris-
ing g spur gear differential 73 of well known
construction having the usual terminal gears T4
and 15 and an intermediate gear 76.

Referring to Figs. 4 and 5, the recorder loop 6’
of the pin chain is carried over a pair of feed
sprockets 53’ fast on a shaft 116’ suitably jour-
‘naled in the framework of the recorder. A pinion
17 fast on this shaft meshes with the intermediate
of the differential 73. One terminal gear of the
differential, in this instance the terminal gear 14,
is adapted to be driven by a pinion 18 fast on a
start-stop shaft 79 arranged to be driven inter-
mittently by the clutch 71. The ratio of the gear-
ing is such that the feed sprockets are effective
to advance the chain three links for each revolu-
tion of the start-stop shaft.

‘While the clutches Tl and 712 may be of any
suitable character, they are herein shown as bar
type clutches similar to the clutch disclosed in the
Colman patent No. 2,013,649 of September 10,
1935. As shown in Figs. 4 and 5, the clutch T1
includes a driving member 80 concentric with the
shaft 79 and a driven member 81 in the form of an
arm fast on said shaft and projecting radially
therefrom adjacent one end of the driving mem-
ber. 'The member 80 is constantly rotated from
the main drive shaft 61’ (Fig. 5), of the relay unit
through the medium of a gear 82 integral with
‘the member and arranged to mesh with a pinion
84’ on the drive shaft.

Formed on the end of the driving member 80
‘adjacent the arm 81 is a disk 83 having a plurality
‘of peripheral teeth 84 presenting abrupt radially
disposed shoulders facing in the direction of ro-
tation of the disk. Three such teeth are provided
in the present instance and the shaft 79 may be
started and stopped to advance the pin chain one
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link. per cycle. - Cooperating with the teeth to
connect and disconnect the driving and driven
~members is an L-shaped bolt 85 slidably supported
and guided by the arm 81 and having its end por-
tion overlying the periphery of the disk 83. The
shank of the bolt extends substantially radially of
the disk as shown in Fig. 5 and is pivoted eccen-
trically to a lever 86 mounted on the start-stop
shaft 79 for limited angular movement relative
thereto. A torsion spring 88s urges the lever in a
clockwise direction as viewed in Fig. 5, thus tend-
ing to enter the bolt in the notches of the driving
disk,
The bolt 85 of the clutch Tl is adapted to be
shifted to a disengaged position and held there
by a detent 87 movable into or out of the path
of any one of a plurality of radially projecting
clutch fingers 88 formed integrally with the lever
88. There are three of these clutch fingers, one
for each notch in the driving disk 83. When a
finger is blocked by the detent, continued rotation
of the start-stop shaft through a small angle lifts
the bolt out of the notch in the driving disk and
thereby interrupts the driving connection for the
shaft and brings the shaft to rest. When the
detent is withdrawn from the path of the clutch -
finger, the torsion spring acts to swing the lever
relative to the shaft and thus reenter the bolt in
a notch in the disk.

The withdrawal of the detent 87 to engage the

- clutch is effected under control of the signal re-

ceiving mechanism in response to each incoming
signal. As the signals are received at random
with respect to the cyclic operation of the relay
unit, means is provided for synchronizing the
withdrawing movement of the detent with the ro-
tation of the driving member of the clutch. For
this purpose the free end of the detent is arranged
for interlocking engagement in a notch 89 in the
tip of each clutch finger. This interlocking en-
gagement is interrupted to relieve the detent
periodically by cam surfaces 98 on the periphery
of the disk which engage the overlying portion of
the bolt 85 at predetermined points in the cycle
and thus rock the lever 86 to lift the clutch finger
out of engagement with the detent.

As herein shown (Fig. 4) the detent 87 is formed
with & hub portion 94 loosely mounted on a detent
actuating rock shaft 92 extending generally par-
allel to the start-stop shaft. A torsion spring 93
ccnnected at one end to the detent 87 and at the
other end to a collar 94 pinned to the shaft 92
provides a yieldable connection whereby move-
ments of the shaft may be imparted to the detent.
As herein shown, the collar 94 is formed with a
generally L-shaped arm 95 which serves as a
back stop for the detent. A magnetic set device
96 of well known construction, is arranged to hold
the detent in either its entered or withdrawn
position.

The shaft 92 is rocked to detent withdrawing
position at the end of each signal eycle through
the medium of a cam 97 fast on the cam shaft 27
coacting with a follower roller 98 carried on a
crank arm 98 fast on the rock shaft. A spring

- 100 acting on the arm 99 tends to return the

shaft to detent entering position. The cam 97
has a single lobe positioned to momentarily en-
gage the follower roller 98 as the shaft 27 com-
pletes its cycle and thus rocks the shaft 92 to the
position shown in Fig. 4. As the timing of the
cam is at random with respect to the timing of the
clutch 11, means is provided for holding the shaft

.92 in operated position independently of the cam

_until the clutch bolt is entered. As herein shown,
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this is accomplished by a pivoted latch 101 urged
by a spring 102 into engagement with a latch
member or finger 103 fast on the shaft 92,

The rocking of the shaft 92 tensions the spring
83 sufficiently to overcome the pull of the mag-
netic set device 36 when the clutch finger is lifted
by the cam 98 out of engagement with the detent
8T. The detent is then quickly rocked to its
withdrawn position and the bolt 85 is permitted
to drop into a noteh in the disk 83 as soon as the
noteh is presented thereto. Upon the entry of the
bolt the detent should return to normal rest po-
sition in time to effect withdrawal of the clutch
bolt at the end of the cycle. To this end, the
latch 181 is withdrawn through the action of a
three lobed cam 1064 on the start-stop shaft 79.
The cam is timed so that the detent shaft is fully
restored before the clutch driving element com-
pletes a third of a revolution and the dent 87 is
thus positioned to block the next clutch ﬁnger
and disengages the clutch-at the end of the cyele.
In this way, the chain is advanced link by-link
through the recording position.

The control and synchronizing means for the
clutch- 71, above . described, is disclosed and
claimed in-the co-pending divisional application
of Howard D. Colman, Serial No. 2,417, filed
January 15, 1948,

In order to insure the full-advance of the pin
chain in the recorder loop during each signal
cycle, the start-step shaft 719 is-driven-in- syn-
chronism with the other mechanism of the relay
unit to advance the chain at a rate of 3600 cycles
per minute, Thus, regardless of the timing of
the engagement of the clutch T4, with respect to
the start of the signal eycle, the chain advance
‘is-always completed as the.cam shaft 27 com-
pletes its revolution. The cam shaft, as before
explained, executes a single revolution for each
incoming signal which, in start-stop transmis-
sion, are timed at approximately 350 code com-
binations per minute.

Because of the above . difference in timing,
means is provided for maintaining the pin push-
ers 21 in alinement with the chain link at the
recording position throughout the major portion
of the signal cycle. 'To this end the push rod
supporting car 22 is mounted in vertical ways
(not shown) for movement through a step sub-
stantially equal to the width of a chain link.
Journaled on the car is a shaft 106 having a pair
of sprocket wheels 87 meshing with the chain.
Through this engagement, -the car is carried
along with the chain in its-upward movement by
the drive sprockets 53°.
shaft 10§ is being driven at a speed such as. to
return the push rod car to-its lower waiting po-
sition at the end of the signal eycle. To this end
it .is operatively connected through a one-way
drive mechanism 188 (the purpose of which will
appear presently) with a shaft 189.: The spring
on. the pawl of this drive mechanism is adjusted
to secure this result. The shaft 109 is driven
from the cross shaft 50 of the signal receiving
mechanism through the medium of a worm || 0
and worm wheel i, the worm (10 bemg fast
on an cxtension 12 co*mected to. the shaft 50
through the medium of universal joints. {13 and
{i4 and an mtezmedlate shaft 1i6. The unjver-

At the same time the -
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movements of the car WIthout interfering with
the proper operation of the apparatus,

- End-of-message operations—At the . end of
each message the transmltter of i',he re]ay unit
is  conditioned for starting and a plurality of .
blank links are run through the recording posi-
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tion at high speed so that the last link of the
message can be presented to the transmitting
point. The means for advancing the chain under
these conditions includes the clutch 72 arranged
to drive a shaft {16 which has a pinion {17 mesh-
ing with the terminal gear 15 of the chain ad-
vance differential 73. The clutch 712 is similar in
all respects to the clutch 11 including a driving
member 80. rotated continuously through the
medium of a gear 82. meshing with the pinion
84’ of the main drive shaft 67’ of the relay unit.
The clutch 72 is engaged and disengaged by a
detent 118 cooperating with clutch fingers 88a
similar to the clutch fingers 88 of the clutch TI
except that the fingers 88. are not notched to

‘interlock with their associated detent. As shown

in Fig. 4, the detent (18 is carried on a rock shaft
£20 journaled on the frame of the machine and
a spring 12i acting on an arm {22 fast on the
shaft normally urges the detent into blocking re-
lation to one of the clutch fingers.

The end of a2 message is marked by an end-of-
message sighal consisting in this instance of three
blank links. For detecting this signal there is
provided an end-of-message feeler CFl compris-
ing a bar 218’ extending transversely of the pin
chain and having a series of elongated shoes 215’
(Fig. 5) adapted for cooperating with the pins
of not more than three successive links of the
chain, 'There is one shoe for each of the five
rows of pins on the chain, only one shoe being
shown in Fig. 4. A spring 123 urges the shoes
into engagement with thy pins and as long as
one or more pushed pins are encountered in any
of the three links spanned by the shoes, move-
ment of the feeler is blocked. When, however,
the three or more blank links appear, the feeler
is permitted to move to the right (as viewed in
Fig. 4) against a fixed stop 124.

Movement of the feeler CPI serves to trip the
detent 118 and thus engage the clutch 72. For
this purpose the feeler bar 216’ is linked to a
crank arm- {25 (shown in broken lines in Fig. 4)
fast.on a vertical shaft 128 having a radially pro-

jecting arm 127 to which a push rod. 128 is con-

nected by a ball and socket joint 129. The push
rod is normally held against a stop 130 by a
spring. 121 and in this position its tip engages
a lug (32 projecting laterally from one side of
the detent 118. Upon movement of the feeler in-
cident. to the detection of the end-of-message
signal, the shaft 126 is rocked and the push rod
swings the detent 118 out of the path of the
clutch finger 88., thus engaging the clutch. The
shaft 116 is thereupon driven at a speed suffi-
cient to advance the chain through the recorder
loop: at a rate of 3600 links per minute. In this
operation, the shaft 109 remains stationary due
to the one-way connection provided by the drive
mechanism. 108. As stated above, the motion of

-the-car 22 is limited to about one chain link dis-

tance at which point it engages a fixed stop (not
shown) and the pawl of mechanism 108 slides
over the teeth of the ratchet as the ratchet is
driven by the chain.

The advance of the chain continues until a
plurality of links, in this instance 150 links, have
been inserted after the end-of-message signal.
As the 150th link passes, the recording point, the
detent 118 is returned to entered position to dis-
engage the clutch and interrupt the chain ad-
vance. This is accomplished by raising the tip
of the push rod 128 oul of the path of the lug
132 so that the spring 121 may rock the detent
to. its entered position.

The means for lifting the push rod 128 in-
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cludes a cam 133 fast on a shaft 134 which is
driven at relatively low speed from the shaft
116 through a vertical shaft {35 coupled with the
other shafts by spiral gears 136 and 137. The
cam [33 is formed with a lobe 138 occupying less
than one one-hundred-fiftieth of the circumfer-
ence of the cam. The ratios of the driving gears
are such that the cam makes one complete revo~

lution as 150 links of chain pass the recording

point. The Iobe (28 is so placed that as the 150th
link passes the recording point a bar 139 is shifted
to raise the free end of the push rod 128 out of
the path of the Iug 132. The detent (18 is there-
upon returned to entered position by the spring
i2i. The push rod {28 now rides over the top
of the lug {32 until another link having one or
more pushed pins is moved past the feeler CFI
to shift the same to actuated position and with-
draw the push rod {22 to the right. Thus the
chain advancing mechanism is conditioned for
the next operating cycle.

Mounted on the shaft {34 is a second cam {41
adapted to open the calling line and thus lock
out the subsecriber’s transmitter during the in-

terval that the blank links are running through :

the recording loop, and also to initiate the oper-
ation of a message counting mechanism which in
turn controls the operation of the transmitter.
For this purpose the cam 141 is formed with a
lobe {42 which, when the cam is in its normal rest

to close a switch. (45 connected in series in the
calling line. When the lobe 142 is moved out
of the path of the lever as the cam starts its rota-

‘tion, a spring {47 rocks the lever in a clockwise ;s

direction and opens the switch. This opening of
the line prevents energization of the cam shaft
starting relay 2 (Fig. 24) of the transmitter,
thereby locking the transmitter inoperative until

the recorder is again in condition to receive sig-

nals. Due to the high speed with which the chain
is advanced, the lock~out period does not exceed
two and one-half seconds. Upon further rota-
tion of the cam 141 the lobe 142 engages a lat-
erally projecting pin {81! on a crank arm 152 car-
ried by a rock shaft 158 to initiate the operation
of  the message counter. For this purpose, the
rock shaft is provided with a clutch controlling
-detent {54,

Message counter—The message counter as in- -

corporated in the primary relay units, serves the
same general purpose as the storage indicator of
the basic relay unit shown in the prior applica~
tion. Its use is desirable because of the different
rates at
mitted by the units., The function of the count-
ing mechanism is to count the completed mes-
sages -entering and leaving the storage section
of the signal storing mechanism and to condi-
tion the chain advance mechanism of the trans-
mitter to advance the chain to the transmitting
point whenever one or more messages are avail-
able for transmission. .

To accomplish the foregoing result, the counter
includes a part arranged to move a predeter-
mined distance in one direction following the
recording of each message, thereby counting the

number of messages passing into the storage sec-
tion, the part moving a corresponding distance in
the opposite direction following the transmission
‘of ‘each message whereby to count and subtract
the messages passing out of the storage section.
Such movements are controlled jointly from the
-recorder and the transmitter, the part being dif-
ferentially driven from separate power driven
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means initiated in operation automatically as
thie end-of-message signals pass the recording
point and tie wansmitting point, respectively.

Referring now to Fig. 7, the movable part of
tiie message counter, as herein shown, comprises
5 shaft 18§ journaled on the framework of the
reigy ‘anit for rotation in one direction by a con-
nection with the recorder and for rotation in the
opposite direction by connection with the trans-
mitter. On the shaft is mounted a cam 162
adapted o coact with a follower roller 163 car-
rieq on a pivoted lever 184. The lever is con-
nected by a link {65 with a crank arm (6§ fast
on the rock simit §§1” which carries the finger
309’ for entering and withdrawing the latch L3
of the floating lever FLY. When no messages are
present in the storage section, the cam lobe acts
10 hold the lever 184 in the position shown in the
drawing whereby the latch is withdrawn from
the path of the foating lever. When the shaff
i3i is rotated away from the zero position upon
the transfer of a message to the storage section,
the iobe of the cam is moved away from the cam
follower andg the lever 68 is rocked to its active
position by a spring (61 thus withdrawing the
finger 888’ and envering the latch LY provided
such eniry is not prevented by other control
means. The other control means referred to is
the governor controlled mechanism described in
the pricr application for holding the latch L8
withdrawn uniil tne transmutter is in condition
for operation as indicated by tie position. of the
gOVEITor or J-cam shaft of the transmitter.

Tne means for driving the message counter
shait 151 differentialiy from the recorder and the
transmitter, comprises a spur gear differential
{58, the two terminal gears 169 and {10 of which
are rigid with intermittently operable shafts
driven respectively by the clutches i1 and 172,
The intermediate member of the differential is
in the form of a gear i73 meshing with a gear
i74 fast on the message counter shaft 16f. The
gear 173 cairies a pair of intermeshing pinions
11% meshing respectively with the terminal gears
{59 and $76 of the differential.

As herein shown, the gear {74 on the message
counter shaft is provided with a scale graduated
for cooperation with a pointer 118 to indicate the
number of messages in storage. In the particular
embodiment illusirated, the mechanism is ar-
ranged to count eleven messages, the shaft 161
being rotated .in a counterclockwise direction
through one-tweifih of a revolution for each
message recorded.

The power driven means for driving the coun~
ter to register incoming messages, that is the
elutch i71, is a positively acting bar type clutch
similar to the clutch 1! hereinbefore described.
Briefly, it includes a driving member having an
integrally formed gear {171 meshing with an in-
termediate gear {78 driven by a pinion 179 on the
constantly rotating drive shaft 87’ of the relay
unit.. The dr1vmg member is engaged with a
driven member fast on the intermittently driven
shait carrying the terminal gear 169 of the dif-
ferential by withdrawal of the detent {34 from
the path of a clutch finger 180.

As above explained, withdrawal of the detent
154 is effected by the cam (41 which is starfed in
rotation in response to the end-of-message sig-
nal. The cam is shaped to permit detent 154 to
return to blocking relation. with respect to the
clutech finger 188 upon movement of the cam
through a single step corresponding to the pas-
sage of one chain link through the recording po-
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sition. The clutch is therefore disengaged and
the rotation of the shaft 161 interrupted after
movement through a step sufficient to register
one message on the counter. The drive in this
instance is such as to turn the shaft 161 and gear
114 in a counterclockwise direction (as viewed in
Fig. 7) thus locating the numeral 1 ilmmediately
below the pointer 176, As additional messages
are recorded, the shaft 161 Is stepped around to
add up the messages passing into storage.

The clutch 172 which drives the message count-
er in response to the transmission of each mes-
sage, is a positively acting bar clutch similar to
the clutch 171, It includes a driving méember {81
having an integrally formed gear {82 meshing
with a pinion 183 on the main drive shaft 87°.
Thus the driving member of the clutch 172 is ro-
tated reversely with réspect to the driving mem-
ber of the clutch 171 so that the clutch 112 is ef-
fective to drive the counter shaft 151 in a clock-
wise direction to subtract from the messages re-
corded thereon. The driving member of the
clutch 172 is engaged with the driven member by
withdrawal of a detent {84 from the path of a
clutch finger 185, the driven member being fast
on the shaft which carries the terminal gear 170
of the differential.

Withdrawal of the detent 184 is effected by the
main controller or cam shaft 232’ of the trans-
mitter which, as explained in the prior applica-
tion, executes a single revolution in a plurality of
steps in the transmission of each message. This
shaft is provided with a plurality of cams in-
cluding a cam {86 (Fig. '7) arranged to withdraw
the detent (84 as the J-cam shaft returns to its
normal rest position following the transmission
of a complete message. Such withdrawal is ef-
fected by the cam acting on a follower roller (87
on one arm of a pivoted bell crank 188 whose
other arm is connected by a link 189 with a crank
arm 192 fast on a rock shaft 191 on which the
detent 184 is mounted. Thus, as each message is
withdrawn from storage and relayed toward its
destination by the transmitter, the message
counter is operated to register this condition by
subtracti‘ng from the Imessages prevmusly regls-
been transmltted the message counter shaft 151
is returned to its zero position whereupon the

cam 162 acts to withdraw the latch 1.9 from the &

path of the floatihg lever FL.9 and thus interrupt
the chain advance at the transmitting point.

Primary relay unit simultaneous recorder

Before proceeding to the description of the
primary relav unit transmitters, all of which are
alike regardless of the type of recorder em-
ploved, the recorders for the primary units as-
sociated with interoffice trunk lines arranged for
simultaneous transmission will be discussed
briefly. No detailed description is believed to be
necessary as these recorders. are identical with
the recorder shown and described in the prior ap-
plication Serial No. 319,047.

Referring to Fig. 10, the simultaneous recorder
comprises generally a series of five pin pushers
154’ slidable in stationary guides 155’ in 4 direc-
tion axially of the pins in the chain link at the
recording point. The push rods are arranged
for actuation by a series of floating levers FL{ to
FL5 (only one being shown) actuated selectively
under control of latches L{ to 1.5 controlled by
signal responsive electro-magnets (56’ (Fig. 21).
These magnets are connected to the respective
signal conductors of the incoming trunk line Te
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and respond to the signal impulses transmitied
thercover by the transmitter at the distant
exchange.

The floating levers FLI to FL5 are pivotally
mounted intermediate their ends on a rod 51"
suspended between arms 158’ from a shaft (59’
which is continuously oscillated by a cam (58’ on
o driven shaft 161’ and which coacts with a dou-
ble follower 163’ on the shaft 159’. One end of
each floating lever is pivotally connected to one
of the push rods and the other end of each lever
is adapted to engage its corresponding latch
when the latter is actuated by energization of its
magnet 158’. Thus the floating levers corre-
sponding to energized magnets are effective in
their active stroke to shift the associated push
rods and thereby push corresponding pins of the
chain.

The chain is fed through the recorder loop to
present blenk links to the pin pushers by a pair
of sprocket wheels 53’ driven by a clutch as de-
sceribed in the prior application. As each link

‘passes into the storage section of the relay unit,

storage indicator mechanism like that disclosed
in the prior application is actuated in the usual
way and through appropriate mechanism causes
the chain to be fed to the transmitter loop, the
c¢hiain in turn acting to start the transmitter in
operation, Should the supply of blank links be-
come exhausted, that is, when the full storage
capacity of the unit is reached, the loop indicator
acts to close a full storage stop switch 540,

Primary relay unit transmitter

In general—The transmitters provided in the
primary relay units are all alike and are sub-
stantially similar to the transmitter of the basic
relay unit shown in the prior application except
for the modifications noted hereinafter. Briefly,
the funhction of the transmitter is to relay or
retransmit messages from the primary unit to
an intermediate relay unit in a selected one of
the three groups assigned for messages of dif-
ferent classes. In effecting this retransmission,
the transmitter operates through a four-part mes-
sage ‘cycle instead of a three-part cycle as in the
prior application, first to selectively initiate the
operation of the primary distributing mechanism
associated with the proper group of intermediate

-units, second to automatically test the trunk line

assigned by the distributing mechanism, third to
autematically initiate the transmission of the
message over the assighed path, and fourth to
freethe path and condition the apparatus for the
succeeding message,

The first part of each message cycle involves
the presentation of the class-of-message signal at
an auxiliary control point adjacent the transmit-
ting control point of the transmitter loop where-
upon. a simple selector mechanism including a

separate set of feelers CMF (Figs. 10 and 11)

hereinafter called the class-of-message feeler, op-
erates under control of this sighal to mark the
transmitter as having a call awaiting transfer
to the group of intermediate units designated by
the signal. The solicitor of the designated group
assigns a particular intermediate relay unit to
receive the message. Upon such assignment, the
time assigner initiates the next step of the mes-
sage cycle.

In-the second part of the message cycle test
signals, in this instance a space signal followed
by a blank signal, are transmitted over the as-
signed path to the intermediate unit to deter-
mine the operability of the apparatus involved
‘In the conhnection. If the signals are incorrectly




2,472,885

21..
‘Feceived at the intermediate unit, the transmit-
ter is stopped in a trouble position and the at-
tendant or supervisor is advised of this condition
by operation of an appropriate signal. If, how-
ever, the signals are transmitted and received cor-
rectly, the next step of the message cycle is ini-
tiated.

The third step of the message cycle involves the
transmission of the message and is effected by
continuing the advance of the pin chain to move
suiccessive signal combinations past the control
point at which the usual set of signal transmitting
feelers STF is located. In such movement the
signal combinations stored in codal form on the
chain actuate the feelers to effect elecirical trans~
fer of the message over the assigned path to
the receiver of the selected intermediate unit.

The fourth part of the message cycle is ini-
tiated by the presentation of the end-of-message
signal to a feeler responsive thereto and operable
to interrupt the advance of the chain and to free
“the transmission path.

Message cycling mechanism.—The four-part
message cycle is controlled by a cyeling mech-
anism comprising a governor arranged to be
driven at a predetermined speed through four
successive steps corresponding to the four parts
of the cycle. As herein shown, the governor is
of the rotary type and is adapted to travel through
a complete revolution in each message .cycle.
As in the basic relay unit, it comprises the cam
shaft 232’ (Fig. 8) hereinafter called the J-cam
shaft adapted to be driven by a positively acting
jaw cluteh 234’ having a dog 242’ for effecting
engagement and disengagement of the driving
and driven members.

The control of the clutch to effect the several
stepping movements of the shaft in the message
cycle is accomplished by means of four detents

2487, 249’ 201 and 259’ spaced about the path

of movement of the clutch dog. Detents 2487, 249’
and 258’ are identical in construction and mode
of operation with the correspondingly numbered
detents shown and described in the prior applica-
tion.. The detent 20! is located between the
detents 249’ and 258’ thus locating the trouble
position between what may be conveniently
termed the test position and transmitting posi-
tion of the cam shaft. For convenience of identi-~
‘fication, the various positions of the cam shaft
will be referred to hereinafter as the No. 1, No. 2,
No. 3 and No. 4 rest positions, it being understood
that positions No. 1 and No. 2 correspond to simi-
larly numbered positions of the prior application
while the No. 4 position corresponds with the
No. 3 position of the prior application.

Detent 248’ is withdrawn to start the message
cycle by the approach of the message to the trans~
_mitting control point.” For this purpose, a feeler
CF2 is located within the transmitter loop in
advance of the transmitting control point for
association with the chain pins on the inner side
of the loop as shown in Figs. 10 and 102, The
feeler CEF? has a series of five shoes each con-
sisting of an elongated lower section 182 adapted
for cooperation with the pushed pins of two suc-
cessive links of the chain and a shorter upper
section 193 positioned for cooperation with a
pushed pin in the next adjacent link. The sec-
‘tions are mounted respectively on parallel slid-
‘ing bars 194 and 195. The latter bar is formed
with a projecting lug (86 engageable with an
‘upstanding finger {97 on the bar {94 so that the
bar 195 may move independently in one direc-
‘tion (to the right as viewed in Fig, 10%) but car-
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ries -the other bar along when moved in thé
opposite direction for purposes to be explained
presently.

The feeler bars 194 and 185 are yieldably urged
to position the shoes into the path of movement
of the chain pins and as the first link with one or
more pushed pins approaches the shoe sections
193, the feeler bars are both shifted into their
outward positions. In this movement, the bar
194 acts through a suitable linkage, such as that
disclosed in the prior application, to condition
power actuated means for withdrawing the detent
248’ (Flig, 8). This - releases the J-cam shaft for
its first step, all as explained in detail in the prior
application.

In its movement from the No. 1 rest position to
the No. 2 rest position, the J-cam shaft inter-
rupts the advance of the pin chain with the first
message link, that is the link containing the class-
of-message signal, positioned in engagement with
the class-of-message feeler CMF and the second
message link positioned at the transmitting con-
trol point in engagement with the signal trans-
mitting feeler STPF. This is accomplished by
means of a cam 382’ (Fig. 7) acting through a
pivoted follower 383’ and link 305’ to withdraw
the lateh L8 from the path of the floating lever
FLI.

Chain feelers—The signal transmitting feeler
STEF and the class-of-message feeler CMP are
located externally of the transmitter loop 7" with
the first mentioned feeler positioned for engage-
ment by the chain pins at the transmitting con-
trol point while the later feeler is positioned for
engagement by the chain pins one link below the
control point as shown in Fig. 10. The feeler STF
as shown in Fig. 112 comprises five individually
movable elements or transfingers 205, there being
one for each row of pins on the chain. Each
transfinger comprises an upright body portion
at the lower end of which is formed a forwardly
offset L-shaped depending portion 286 carrying
on its tip a shoe 207. Oppositely inclined leading
and trailing cam surfaces formed on the shoe
intersect at the transmitting control point and
are thus positioned for engagement by non-
pushed pins passing such point. The transfingers
are arranged in side-by-side relation and pivotally
mounted between spaced plates 208 and 209 (Fig.
10) to swing about vertical axes. A spring 210
normally urges each transfinger in a direction to
position its shoe 207 in the path of movement of
a corresponding row of chain pins.

The transfingers STF are utilized in this in-
stance to control transmitting switches TS (Figs.
112, 21, 24, and 27) for transmitting signal im-
pulses over the selected transmission path to the
intermediate relay unit assigned to receive the
message. For this purpose each finger is formed
with a tailpiece 211 carrying the movable contact
of one of the switches TS. The stationary con-
tact of each switch is carried on an individual
bracket arm 212 mounted in an insulating block
213 rigidly supported on the framework of the
unit ot the rear of the transfingers. The brackets
212 provide terminals which are connected to the
trunk line conductors as will be described here-
inafter,

The switches TS are normally closed by the
action of the springs 210 on the transfingers.

_When a non-pushed pin approaches the control

point it engages the leading surface of the cor-
responding shoe 287 thereby camming the shoe to
the left (as viewed in Fig. 112) and opening the
associated switch TS. Conversely when a pushed
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pin passes the control point, the shoe is not moved
and the switch controlled by the corresponding
transfinger remains closed. By this arrangement
current impulses are sent over the transmission
path under control of the chain on which the
signals are recorded.

The class-of-message feeler CMF is generally
similar to the feeler STF above described and,
as shown in Figs. 10 and 11, comprises a series of

five individually movable elements or transfingers 1

2{6 or one for each row of pins in the chain. The
fingers 216 are of generally L-shaped form and
are pivotally mounted between the plate 209 and
a lower plate 217 so as to swing on vertical axes.

Hach finger is equipped with a shoe 248 similar ;

to the shoes 2087 and positioned one link below
the latter shoes.

The feeler CMPF is utilized in this instance to
control energization of one of a plurality of se-
lector relays Rf, R2 and R3 (Figs. 21, 24 and 27
which constitute a part of the selecting mech-
anism and which act selectively to start the time
assigner of the intermediate relay group to which
the message is to be transferred. For controlling

these relays, each of the fingers is formed with a .

tailpiece 219 carrying the movable contact of a
switch, the stationary contact of which is carried
on a bracket arm 220 mounted in the insulating
block 213. As shown in Fig. 11, the tailpieces of
alternate transfingers are staggered to permit a
more compact assembly of the parts. In the
present embodiment the several fingers are oper-
ated against the action of their individual springs
220, only by such of the chain pins as occupy non-
pushed positions.

Selecting mechanism.—The transfingers 216
are arranged to actuate switches as determined
by the class-of-message signals to control the re-
lays RI, R2 and R3 indicated in the portion of
the wiring diagram shown in Figs. 21, 24 and 27.
Herein, the feelers associated with the first three
vertical rows of chain pins (counting from the
right in Fig. 11) are equipped with switches 221
all adapted when in normal or closed condition

to partially prepare an energizing circuit by way .

of a conductor 222 for selector relay RI. The
energizing circuit for this relay is completed by a
switch 223 closed by a cam 224 (Fig. 9) on the
J-cam shaft as the shaft approaches the No. 2

rest position and while it remains at that posi- -

tion.

The energizing circuit for the relay R3 is closed
jointly by the cam operated switch 223 and =a
switch 225 controlled by the fifth transfinger of

the feeler and remaining in its normal or closed -

condition unless its shoe is engaged by a non-
pushed pin. The latter transfinger also cooper-
ates with the fourth transfinger to control the
selection of relay R2. Thus the fifth finger is
operated by the engagement of a non-pushed pin
on the chain to actuate a switch 226, the arrange-
ment being such that the switch is closed when
a non-pushed pin engages the shoe. Closure of
this switch together with the closure of the switch
for the fourth transfinger completes an energiz-
ing circuit for relay R2.

Thus, the relays may be energized selectively
under control of class-of-message signals each
represented by a single pushed pin in a link, The
circuit arrangement illustrated contemplates the
use of sighals comprising a single positive impulse
in the third impulse interval as the first class
message signal, a positive impulse in the fourth
impulse interval as the second class message sig-
nal, and a positive impulse in the fifth impulse
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interval as the third class message signal. Thesé
signals are represented respectively by pushed
pins in the third, fourth and fifth rows of the
link on which they are recorded.

In order to prevent simultaneous operation of
two or more relays in the event that a false class-
of-message signal is accidentally incorporated in
the message, means is provided for opening the
circuits of the relays R2 and R3 in the event that
a2 pin in any one of the first three rows of the
class-of-message link are pushed. This means,
as herein shown, comprises a relay R4 having a
normally closed switch R4l connected in series
with the switch 223 and the fifth transfinger which
carries the movable contacts of the switches 225
and 226. Relay R4 is connected to conductor 222
in parallel with the relay Ri. Thus, if any one
or more of the switches 221 for the first three
transfingers are closed, the relay is energized and
opens its switch to interrupt the current supply
to the switches 225 and 226. Accordingly, when
a false class-of-message signal is presented to
the feeler 216, relay Rl is energized to route the
message to the particular group of intermediate
units with which this relay is associated, in this
case the group assigned to handle first class
messages.

Relay Ri on energizing closes its switches R{{
and R12, the first mentioned switch completing
a starting circuit for the time assigner PT: of the
first group of intermediate units to be described
hereinafter. The switch R{12 prepares a current
supply circuit for a group of selector magnets one
of which is provided for each trunk line extend-
ing to an intermediate relay unit of the first
group. Three such trunk lines LTI, L'T2 and IT3
with associated selector magnets SMi, SM2 and
SM3 are shown by way of illustration in Fig. 21,

Relay R2 when energized closes switeh R21 to
start the time assigner of the second group of
intermediate units. It also closes switch R22 to
prepare the current supply circuit for selector
magnets SM4, SM5 and SM$ associated with the
local trunk lines LT4, LT5 and LT6 (PFig. 24)
extending to the intermediate relay units of
group 2. Relay R3 through switch R31 starts
the time assigner of the third group of interme-
diate relay units and through switch R32 pre-
pares a current supply circuit for selector mag-
nets SM7, SM8 and SM$ associated with local
trunk lines L'T1, LT8 and LTY (Fig. 27) extending
to such units.

It will be understood that the size of the inter-
mediate relay unit groups is not limited to three
units nor are the groups necessarily composed of
the same number of units. In practice-each group
will be provided with sufficient relay units to
handle the message traffic of the particular class
to which that group is assigned. As will be seen
by reference to Figs. 21, 24 and 27, the local trunk
lines LT to L'TY, inclusive, are multiplied through
all of the primary relay units by means of bus
circuits Bi to BY, respectively. The bus cireuits
have been shown extending beyond. the primary
relay units PR: and PRs to indicate their connec-
tion to other primary relay units.of the exchange.

The current supply cirenits for the selector
magnets are extended to negative battery (indi-
cated throughout the circuit diagrams by an
arrow. head) as the J-cam shaft moves out. of its
No. 2 rest position through closure of a switch
227 (Figs. 9 and 21) by a. cam 228 on the cam
shaft. When the solicitor assigns a Tocal trunk
line for use by the unit, it designates this line by
application of ground to one of the trunk con-
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ductors, in this case conductor 229 connected to
the selector magnets associated with the line in
the various primary relay units. The magnets
for all units having calls for the particular inter-
mediate relay group to which the trunk line ex-
tends are accordingly energized.

Fach of the selector magnets controls a multi-
ple contact line switch LS operable to connect
the bus circuit of the associated trunk line with
the transmitting switches TS of the primary relay
unit. In the preferred form illustrated in Fig. 12,
the switches LS are arranged for mechanical
actuation, the selector magnets controlling latches
which normally hold the switches open. When
a magnet is energized the associated switch is

10.

15

released for closure at the proper point in the -

message cycle as determined by the J-cam shaft.

The switches LS are all of similar construction
and a description of one will therefore suffice. In
its preferred form as shown in Fig. 12, the switch
comprises a plurality of yieldable contact arms
231 tending to move into engagement with sta-
tionary contact plates 232, the arms and plates
being anchored at one end in an insulating block
233 mounted between rigid uprights 234 forming
part of the framework of the relay unit. Each
contact arm 231 is provided with a terminal 235
to which is connected one of the conductors of
the bus circuit of a local trunk line, these con-
ductors being similarly connected with corre-
sponding contact arms of other relay units of the
same rank. 'The plates 232, however, extend
through all switches LS of the unit in which they
are installed and thus constitute common termi-
nals for the transmitting switches TS and other
elements of the unit. Thus, by closure of the
contacts of an apprepriate switch LS any local
trunk line may be operatively connected with the
relay unit for the transmission of message matter.

Movement of the contact arms 231 into and =

out of engagement with their associated plates,
is effected by a switch control bar 238 slidably
supported for endwise movement in the uprights
234, 'These bars are arranged in side-by-side
relation in the same horizontal plane with their
ends projecting beyond the two uprights 234 as
shown in Fig. 12. Rigid with each control bar
is a switch actuating member 237 of insulating
material having in its upper edge a series of
notches 238 each presenting a shoulder for en-
gagement of one of the contact arms. A spring
239 urges the control bar toward switch closing
position, that is, to the right as viewed in Fig. 12,
- and when such movement is permitted the con-
tact arms engage their respective contact plates.

The control bars 238 are normally held in a
retracted or switch opening position under con-
trol of their associated selector magnets SM
which are mounted on the framework of the
unit adjacent the projecting ends of the control
bars. In the present instance the armature of
each magnet is extended to form a latch 240
engageable with an upstanding lug 241 on the
associated control bar. When the magnet is de-
energized a spring 242 holds the latch in engage-
ment with the lug and thus locks the control
bar in retracted position. Energization of the
magnet withdraws the lIatch and releases the bar.

As explained above, the selector magnets SM
are energized selectively under joint control of
the selector relays Ri, R2, R3 and the solicitor.
Thus, the only selector magnet energized at any
time in the primary relay unit is the one asso-
ciated with the trunk line assigned by the solici-
tor for the transfer of a message. The control
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bar is not permitted to advance, however, when
the selecting magnet is initially energized, but
is held in retracted position until the J-cam shaft
moves out of the No. 2 rest position in the second
part of the message cycle. The cam shaft con-
trols the advance of the control bar through the
medium of a fluted rock shaft 446’ extending
transversely below the entire group of control
bars and having a shoulder interposed in the
path of a shoulder 244 formed in the under side
of each of the switch engaging members 231.
At the proper point in the message cycle the
shaft 448’ is rocked by a cam (not shown) on the -
J-cam shaft, thus freeing the released control
bar for advance to switch closing position.

Movement of the J-cam shaft from the No. 2 .
rest position is initiated by the time assigner PT
which energizes a test magnet 253" (Fig. 8) to
withdraw the No. 2 detent 249’ from the path of
the J-clutch finger 242’. The time assigner re-
leases the J-cam shaft of only one unit at a time
so that seizure of an assigned trunk line by more
than one relay unit is effectually prevented even
though the corresponding selector magnets of a
plurality of units may be in a position to be ener-
gized due to the presence of calls awaiting trans-
mission to the same group of intermediate units.
In this way the local trunk line assigned by the
solicitor is associated individually with a par-
ticular primary relay unit for the transfer of a
message stored therein.

Automatic testing.—In its movement from the
No. 2 rest position to the No. 3 rest position, the
J-cam shaft automatically transmits predeter-
mined sighal combinations over the seized trunk
line to test the operativeness of the apparatus
involved in the connection. In the exemplary sys-
tem, two test signals are transmitted consisting,
in this instance, of a “space” signal followed by
a “blank” signal. The space signal consists of
five current impulses, one in each of the five in-
tervals of the signals while the blank signal is
represented by five no-current intervals in ac-
cordance with the usual telegraphic code.

The means for transmitting the test signals
as herein shown, comprises a series of normally
open switches TSS (Figs. 9 and 21) hereinafter
called the test signal switches, adapted to be
closed momentarily by a cam 246 on the J-cam
shaft 232’. The cam is timed to close the switches -
upon seizure of the local trunk line, thereby
connecting negative battery to all five of the
transmitting conductors of the local trunk line
simultaneously. The switches TSS are opened in °
the next link cycle to disconnect the battery from
the line conductors, thus transmitting a blank
signal, the latter signal being completed just be-
fore the cam shaft reaches the No. 3 rest position.
During the transmission of these signals the cam
246 opens a switeh 245 in series with the trans-
mitting switches TS to prevent transmission of
the signal combination setup on the link posi-
tioned at the transmitting control point in en-
gagement with the transfingers.

If the test signals transmitted as above ex-
plained are not properly received at the inter-
mediate relay unit, a trouble magnet TM (Figs.
8 and 21) remains deenergized and the No. 3
detent 201 stops the J-cam shaft in the No: 3
rest position, that is, in the “trouble position.”
The attendant or supervisor is notified of this
condition by operation of a suitable signal. For
this purpose the J-cam shaft is provided with a
cam 247 (Fig. 9 having a lobe positioned to

.close a switch 248 and thereby complete a cir-
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cuit by way-of-a conductor :249.for: a signal-lamp-.:
25@ic(Fig. '30) . at. the. supervisory- switchboard. :
THere.is one such. lamp for.each relay unit of the .

exchange so. that the attendant may readily iden-.

tify the particular.unit in: trouble -and.take- the
necessary steps to clear the.same.

When-.the test signals -are properly :recorded:.

'

atvthe -intermediate unit, signal checking mech-.

anism to be described hereinafter, returns a sig-
nal, :designated. the . “0. . K. signal” over .a con-

D

28"
adapted to-be.opened by.the feeler bar:195:as soon.:.
as-the first. blank link is presented to the feeler °
shaoe sections 193. Thus, when the full storage stop
signal.is received as.any-of the last three signals

.0f the message is being transmitted, the circuit
of the full storage. stop magnet is opened and .
chain advance .is interrupted-in. the usual way
by -the feeler under control of the blank links
representing .the .end-of-message signal. The

101end-of-message signal is automatically reinserted

ductor -251. of -the .frunk line. to .energize-the -

trouble magnet:TM and rwithdraw the No..3

detent. - As this latch. withdrawal ordinarily oc- -
curs. immediately. upon .the .transmission of: the ..

last test:signal, movement:of: the cam shaft is
substantially -.continuous: through the No. 3 rest

15

position to.the No. 4 rest position, the latter being -
the transmitting position of:the cam shaft. The .

switch:248-is closed momentarily as the cam.shaft

passes:the No. 3 rest-position and signal lamp 253
flashes to indicate that a connection has been
established without ‘trouble.

20.

As the:J-cam shaft moves into the No: 4 rest -

position; the: cam 248 permits switch 245-to close, "

thereby ‘connecting the transmitting switches to
battery through a commutating switch CS (Figs.
7 and:21). 'The latter switch is actuated in each
link cycle by a cam:252'on the constantly driven
sh#ft 274’ the cam being timed to close the switch
just :after the: transmitting switches have been
closed and to open the same just -before the trans-
mitting: -switcheg: are opened. - Thus the :com-
mutating: switch assumes -the:burden of making

and:breaking. the signal transfer circuits reliev- -

ing:the relatively light chain operated transmit-
ting switches of this duty.

25

3

The J-cam: shaft also withdraws the latch L9 :
(Fig..7) from the path of the floating lever FL§ -
whereby ‘the:detent setter 272’ is set for disen- -

gaging the chain advance clutch 280 as-described
in..theviprior application. . Withdrawal of the

4

lateh and:disengagement of the clutch occur in ..
successive:link- cycles: so that-closure. of the com-- -

mutating ;switch-in -the: first. of .these: cycles is

effective: to. transmit the signal combination on i3

the chain link which is stopped at the transmit- -

tingicontrol point. - This is the first-address signal
following- the -class-of-message. signal- and it is

received and recorded at the intermediate relay:

unit-in the usual-way. Thereafter the storage

chain s advanced link by link past the control.

point to operate the transmitting switches selec-.

tively and thus transmit . succeeding signals of
the message. -

In case-a full storage: condition .occurs at the
intermediate relay unit to- which the message is

being - transferred,.. certain  mechanism -at that:

unit applies.ground to-conductor 255. of the local
trunk -line ' (Figs.. 21 and. 22):-to energize full
storage:stop magnet 545’ .(Pigs. 7 and 10) at the
primary. relay unit. This magnet. withdraws the

latch 1.9 from the path of floating lever FL9 and-

ol

o
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the latter:interrupts the advance of the storage :

chain through the transmitting control point.-as
hereinbefore explained. - When the full storage
condition :is relieved, magnet 545’ is deenergized
and the advance of the chain is resumed. .
Means: is provided for preventing full storage
stop-if ‘the full storage condition oceurs substan-

tially 'at: the end :of -a ‘message but before.the. :

-

three blanklinks representing the end-of-message™:

signal have: :been -presented to the feeler CF2.

This means,.as herein shown, includes a normally -

closed:switch- 256 (Fig.  21) connected in series
with: the::full .storage stop  magnet 545’ :

\

and..

<

=]

<

in the message at the receiving intermediate unit
under .control of the feeler CE{ of that unit when
the full storage condition is relieved...
A full storage.condition at the primary. unit. is
. automatically.taken. care of -by the loop indicator
" of_the unit.which is similar in all respects to that.
of ithe basic relay .unit: disclosed in the.prior ap-
plication.. In this instance the loop indicator arm
530’ (Fig..172) actuates.a switch 257 to open the
.Jine .from .the subscriber’s station and it closes -
‘a switch.258 to operate a signal at the supervisory
switchboard. " The opening of the line. circuit
locks out. the transmitter at the subscriber’s sta- .
tion in.well known manner so that no signals can -
. be sent ogut. until the relay unit is again in con-
dition  to'. receive them. . Closure of .switch 253
completes a circuit. from negative batiery, con-
ductor 259, signal lamp 260 (Fig. 30) to ground.
This signal. lamp is located at the.supervisory
switchboard together with other similar lamps for
the other . relay units so that the attendant may
readily identify a unit.in which the full storage
capacity has been reached and take the necessary
steps torelieve the unit.

Intermediate relay units

In' general—The intermedaite relay units IR
are ‘generally: similar to the primary relay units
hereinbefore described except that they are pro-
vided with recorders arranged for the reception
of “signals transmitted on the simultaneous sys-
tem:of-fransmission. Certain other modifications
have been "incorporated in these units to take
care rof.‘additional functions required in the
efficient-operation of a complete automatic tele-
graph: system. These modifications will be de-
scribed-hereinafter-in ‘connection with the par-
ticular:part of: the:unit to' which they apply.

The:-recorder —Referring to. Fig.. 13, the re-
corders for-all of the intermediate units are
alike andare’ structurally.similar to the basic
relay. unit disclosed -in -the prior application.
Each recorder-includes a series of five signal re-
sponsive. eleétromagnets 156’ which, through the
medium: of ‘latches 1.i_to LJ, and floating levers
FLif .to- FL:5 .actuate pin pushers 154’ to set the
pins:in’ the chain link at the recording control
poinf. The:forward movenient of any pin pusher
initiates:the advance of the chain in well known
manner: through the engagement of an upstand-
ing lug:1271” .on the pusher with a bail (98’ carried
by.a rock shaft. 194%: This:shaft is operably con-
nected by a crank arm 192’ and link 193’ with a
detent :setter 189’ -which engages the chain ad-

65 vance clutch (not-shown).
D]

It.will. be recalled that upon seizure of the -
local trunk:line .of the. primary unit, two test
signals.- were:;automatically transmitted over the
truck dine. .. The first or. “space” signal, eonsists :
of.five current impulses energizing all of the line

.‘magnets-.45§6” - thereby -causing. all pins.in the
link.:at:-the.-control . point to:be pushed.. The -
chain.advance-is ‘initiated and, in the next link
cycle, the -second test signal or “blank” consist-
ing-of five: no-current impulses is received. In
this.case none pf the line magnets becomes en- -
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ergized, hence none of the pins of the second
link are pushed.

The test signals recorded in the above manner
are checked by signal checking mechanism in-
cluding a double feeler mechanism CF3 here-
inafter called the “all-no” feeler. As will be
seen by reference to Fig. 14, this feeler mechanism
comprises a pair of independently movable slides
300 and 38i herein shown as flat, generally L-
shaped members arranged to define a rectangu-
lar central opening adapted to enclose the stor-
age chain and chain guides. The slides are
supported in any convenient manner for end-
wise movement transversely of the chain and
in a plane parallel to the rows of pins. In the
present instance, the slides are located in a
plane above the pin pusher {54’ substantially
midway between the first two links of the chain
above the link at the recording control point.

Fixed to the respective slides at the front and
rear of the chain, are two groups of feeler shoes
302 and 308. Each group consists of five shoes,
one for each row of pins in the chain. The
shoes are formed on one vertical edge with =
cam surface 304 (Fig. 14) over which the pins
of the chain are adapted to ride. As will be
seen by reference to Fig. 14, shoes 362 and 363
are secured respectively to the upper and lower
sides of their associated slides with their active
cam surfaces spaced apart by a distance equal
to the pitch of the chain. The latter shoes are
similarly spaced above the recording control
point, thus enabling them to cooperate with
the ping of the last link to advance beyond the
control point while shoes 302 simultaneously co-
operate with the pins of the preceding link.

The shoes 302 are set outwardly from the
chain so as to engage only non-pushed pins and
shoes 303 are set inwardly from the chain to
engage only pushed pins. A spring 285 acting
on each slide urges the same in a direction to
move the shoes into engagement with the chain
pins and if any shoe engages a pin, movement
of the slide is blocked. However, when the pair
of links on which the test signals are recorded
are set in sequence with a space signal (all pins
pushed) and a blank signal (no pins pushed)
all shoes clear the pins and the both slides are
permitted to advance. In this advance the slide
380 closes a switch 306 and the slide 381 closes
& switch 307 connected in series circuit with
the trunk conductor 251 (Figs. 14 and 22).
Closure of these switches results in the connec-
tion of ground potential to the trunk conductor
and constitutes the “O. K.” signal for energizing
the trouble magnet TM of the primary relay
unit as hereinhefore described. If, on the other
hand, the test signals are improperly recorded
as evidenced by one or more non-pushed pins
in the first link or one or more pushed pins
in the second link, one or both sets of feeler
shoes are blocked, switches 366 or 307, or both,
remain open, and the primary relay unit is
stopped in the trouble position.

When the test signals are properly received
and signal transmission is initiated as above de-
scribed, the transfer of the remaining signals
of the message takes place at the rate of 3800
signals per minute until the complete message
has-been recorded on the storage chain at the
intermediate relay unit. The chain links with-

drawn from the supply section of the unit and -

advanced to the recording control point are
counted by a mechanism LI (Fig. 17) con-
veniently called the loop indicator which also
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counts the number of blank links coming into
this section from the transmitter. This mecha-
nism provides an indication of the number of
blank links available at the recorder and, when
the supply is exhausted, that is, when the full
storage capacity of the unit is reached, it closes
a switch 8540’ (Fig. 22) which corresponds to
switech 258 (Fig. 17a) to apply ground to trunk
line conductor 235 to energize the full storage
stop magnet of the primary relay unit as pre-
viously described. This mechanism also acts
mechanically to stop the chain advance at the
recorder as described in the prior application.

The full storage condition is indicated by the
lighting of a signal lamp 388 at the switchboard,
there being one such lamp for each intermediate
relay unit in the exchange. Each lamp is con-
nected by means of a conductor 808 with the con-
ductor 288 of the local trunk line terminating at
the associated relay unit. Accordingly, closure of
any full storage stop switch %48’ is effective
to complete a circuit for its associated signal
lamp. The attendant is thus enabled to quickly
locate the relay unit requiring attention.

Unless interrupted in the above manner, chain
advance continues until stopped by the end-of-
message sighal feeler CFl. (Figs. 13 and 14)
upon appearance of the end-of-message signal
consisting of three blank links, the feeler then
acting to disengage the chain advance clutch
(corresponding to clutch 1! of the primary re-
lay unit) . The feeler CF{,, as herein shown, com-
prises a set of five shoes 291 similar to the shoes
803, but having a cam surface 292 extending
over two adjacent chain links. These shoes are
mounted on a sliding bar 283 and are yieldably
urged into the path 6f the chain pins by a spring
234 acting on the bar. As shown in Fig. 15, the
bar 283 also marked CFl. is connected to one
arm of a bell crank 228’ (Fig. 15) pivoted fo
rock about a vertical axis. The other arm of
the bell crank is connected by a link 224’ ang
a crank and knuckle joint, to a crank arm 225’
fast on a horizontal rock shaft 228’ which carries
a control finger 222’ for actuating a latch LS.
The latch L§ cooperates with one end of a Aoating
lever FL6 mounted to oscillate with the floating
levers FL{ to FLE and operative through a push
bar 198’ to rock the detent setter positioning
shaft 194’ (Fig. 13).

In order to prevent the feeler CFi, from inter-
rupting the chain advance before the first test
signal is presented thereto, a mechanical con-
nection is provided whereby the feeler bar 293 is
shifted to operated position by the slide 381 s the
pins representing that signal engage the feeler
shoes 323. 'To this end, the slide 384 is formed
with an upstanding lug 293 engaging an arm 297
projecting laterally from the bar. The arrange-
ment is such that, subject to the other controis
herein mentioned, the chain advance cluteh is
engaged as long as the fesler CPla or slide 391
of the feeler CF3 are shifted out of normal rest
position by the passage of links having one or
more pushed pins. Upon return of the feelers to
normal position, the clutch is disengaged to in-
terrupt chain advance.

The feeler CFls also operates at the end of
each message to mechanically close a switeh 211
(Figs. 15 and 22) hereinafter called the avail-
ability switch to indicate to the associated .
solicitor that the intermediate unit is available for
other messages. Closure of this switch is effected,
in the present instance, through the medium of a
plunger 312 guided for endwise movement in a -
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cross::member. 313 of the recorder:frame .and.-

having at its:lower end:a switch engaging mem-
ber 3{4 of insulating material engageable with
the movable contact member of the switch. The
upper end of the plunger is arranged in trip-free

operative relation to one.arm of a bell crank 3185, -

the other arm of which is connected by a knuckle
joint with the crank arm 225’ on the .rock shaft
226°. When the shaft is rocked at the end.of the
message as above described,. the plunger. is de-
pressed to close. the switch. Thereafter, until
the relay unit is seized for another message, the
switch is held closed: by a magnet 316 energized
under control of the solicitor: as will he explained
presently.:

As the links on which the signals have been
recorded, as above described, are run .into the
storage section of the relay unit, they are counted
by.the storage indicator mechanism in the usual
way. When one or more links with pushed pins
are delivered to.the storage section of the relay
unit, the storage indicator initiates:chain advance
at.the transmitter. As: the first link of the
message, in this case the link set with the first
test . signal .combination, approaches the trans-
mitting: control point, it engages the message
feeler CF2 (Fig. 13) and- the latter in known

10.

15

manner releases the J-cam shaft for movement -

from the No. 1 rest position to the No. 2 rest posi-
tion, that is, in the first step of the message cycle.
In this movement the shaft acting through a cam
interrupts the chain advance, the cam being timed
to stop the chain after the two links set with the
test signals have passed the transmitting control
point and with the third link set with the first
address signal of the message located at that
point. The transmitter is now in condition to
select a local trunk-line leading toward the desti-
nation indicated by the address signal.

The transmitter—The transmitters of the in-
termediate units are like those of the basic relay
unit in that each has a single set of transfingers
414’ (Fig. 13) arranged to control a permuta-
tional selector mechanism in addition to control-
ling transmitting switches TSa. (Fig. 22). for
sending signal impulses over ‘a local trunk line
to the relay unit of the next rank. As herein
shown, the transfinger 411’ (Fig. 13) each com-
prises an L-shaped portion pivotally mounted
between vertically spaced plates 412" to swing on
closely spaced vertical axes.. Edch transfinger
carries a shoe 413’ with oppositely inclined lead-
ing and trailing ecam surfaces intersecting at the
transmitting control point. When a non-pushed
pin approaches the control point, it engages the
leading surface of the associated shoe and cams
the same out of the path of movement of the pin.
Thus the transfingers are selectively operated in
accordance with the setting. of the pins in. the
chain,

Each of the transfingers 4i{’ is formed with a
tail piece 417’ which carries the movable.con-
tact of one of the transmitting switches TSa. and
which additionally serves to control setting ele-
ments of a transfer device to govern the opera-
tion of the selector mechanism.

Selector mechanism.—The function of this
mechanism is to select a fransmission path or a
group of transmission paths leading to the par-
ticular terminal unit or .units designated by.the

first directing sighal combination presented at the.

transmitting control . point. In general the
selector mechanism is similar to the line selector
shown and described in the prior. application
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modified in. certain respects to permit selection of. -
a group of transmission paths and then fo seize.
a particular one of the paths under control of
traffic distributing mechanism such as a solicitor.

Referring to Fig. 16, the selector mechanism in
its preferred form comprises a group of code bars
%36’ and a pair of auxiliary code bars 317 and 318
arranged in closely spaced parallel relation for
endwise movement between an active and an in-
active position. Selective positioning of the code
bars 436’ is effected in accordance with the combi-
nation set up on the transfingers by the address. -
link at the recording position through the
medium of a transfer mechanism exactly like :
that shown and described in the prior application .
to which reference may be had. As herein shown,. .
there are five of the code bars 436’ and since they -
are capable of occupying either of two positions :
they may be set in thirty-one different combi-
nations by moving one or more of the bars from
its inactive to its active position. The code bars
3i7 and 3i8 are positioned under control of
selector magnets SMi0 and SMII (Figs. 16, 22,
25 and 28).

Cooperating with the code bars 436’ are a set
of combination bars 431’ hereinafter called line
selector bars, one for each frunk line accessible
to the intermediate relay unit. The selector bars
are mounted for endwise movement above and
transversely of the code bars and each is provid-
ed adjacent one end with depending wards 444"
adapted to cooperate with notches in the upper -
edges of the code bars 4356’. These notches are
arranged in well known manner so that for each
permutational setting of the code bars a trans- -
verse groove is formed across the entire group
of bars through which the wards of a selector bar
may move. When the code bar setting represents
a particular transmission path, as, for example
one leading to a termina] unit associated with a
subscriber’s line, only one selector bar is released
for movement. However, if the code bar setting
represents a group of transmission paths such as
those leading to the terminal units of a group of
trunk lines extending to another exchange of the
system, the notches of the code bars are dupli-
cated so as to release a plurality of selector bars,
one for each terminal unit in the group.

The latter selector bars which may be conven-
iently called group selector bars are formed with
additional wards arranged for cooperation with
the code bars 347 and 38, the arrangement be-
ing such that only one of the selector bars is -
allowed to advance through its full stroke as de-
termined by the particular code bar operated.
This advance occurs: on movement of the J-cam
shaft from its No. 2 rest position.

Each of the selector bars 427’ controls a mul-
tiple contact line switch ILS, there being one such
switch for each secondary trunk line STL acces-
sible to the intermediate units. TFive of these sec-
ondary trunk lines are shown by way of illustra-
tion leading to the terminal relay units TRi1 to
TRs, respectively, as indicated by the numerals 1
to 5 suffixed to the general reference character
STL. The line switches for these trunk lines are
similarly identified by the numerals 1 to 5 suf-
fixed to the reference character ILS (see Figs, 22,
25.and 28).

The line switches ILS are all of similar con-
struction and, as shown in Fig. 16, each comprises
a plurality of yieldable contact arms 326 tending -
to. move into engagement with stationary con-
tact plates 3271. The arms and plates are an-
chored at their upper ends in an insulating block. .
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328.(Fig. 13): mounted between rigid:uprights-328;

which form a. part of the framework.of the relay
unit. Each contact arm 328 is provided.with a
terminal 330. to which is connected..one of the
conductors of the intermediate bus, circuits IBI to
IB5 which terminate at. their respective:final or
terminal relay. units TR1 to TRs..
instance all of the trunk lines are aceessible to all

of the intermediate relay units: of the:exchange,.

hence the conductors. of. the buscircuits.are con-
nected with corresponding terminals: of. the.
switches .in each of the intermediate relay. units.
The plates 327, like plates 232: of the primary
units, extend through all switches ILS,of the unit
in.which they are installed, and constitute com-

mon.terminals for the transmitting switches TSa.

and other elements of the unit. Accordingly, clo-
sure of an appropriate switch ILS, is.effective to.
operatively connect a trunk: line with the unit for
the transmission of message matter..

Movement of ‘the contact arms 826 into and
out of engagement with their associated, contact
plates is controlled by the combination bars 437
through the medium of individual switch actuat-

~ing members 331 of insulating.material rigid with
each selector bar. Each actuating member has
formed alcng its upper edge a series of notches
332 each presenting a shoulder for engagement
with one of the contact arms.” A noteh in the
lower edge of the member presents a shoulder 333
for engagement with a.fluted rock shaft 446" sim-
ilar to. the fluted. rock: shaft hereinbefore de-
scribed. The shaft normally holds. the combina-.
tion bars in retracted.position as.shown in Fig. 16.
whereby the contacts of the switches ILS are held:
open. When the shaft is rocked out..of normal:
position, individual actuating springs. move the:
control. bars into- operative. relation: to.the. code:
bars which block all but. the selected.combination.
bar or bars.

As is the case in the prior. applmatlon the shaft
448’ is rocked in.a.manner so as.to permit move-.
ment of a;released. combination bar in:two steps.
Rocking of the shaft is-effected.through:the me-.
dium.of a cam on the J-cam shaft which is timed
so-that the first step:of the selected: combination.
bar or bars takes place: upon movement of the
J-cam shaft from its No. 1.to;its No. 2.rest posi-
tion, this movement being. timed with. respect to-
the setting of the code bars so as to. follow-im-
mediately thereafter.

A selected one of the regular combination bars
such. as the one associated. with the trunk line
leading to the terminal unit TR2 associated with
the line from subscriber’s station Q.. (Fig. 1), on
moving through its first step, closes a test contact.
335 (Fig. 22) to complete a starting circuit for
the time assigner ST: of the relay. unit group by
way of bus conductor 336, a timing switch 337
closed by a cam 337. (Fig. 162) on the J-cam
shaft, and a conductor 338. If the terminal unit
is not busy and is otherwise in condition to re-
ceive, there will be battery potential on bus con-
ductor 336. This battery is supplied, over the
availability switch 613 which is closed at the end
of each message and remains. closed until the unit,
is again seized for storage. of  another message.
The time assigner is thus started and, in due time,
applies a ground potential to starting conductor
or pilot wire 338 to energize the test magnet 253’
(Figs. 8 and 22) and thus release the J-cam shaft
for movement from the No. 2 to the No. 3 rest
position.

When the code bars are set to release the group
selector bars, for example, those associated with

In:the:present.
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the. line. switches for. the trunk: lines.leading td:
terminal units transmitting to Exchange B, all of.
these.bars advance.in their first step on_initial,
movement of.the shaft 4467 as above explained..

. In this.movement, tihe selector bar controlled by

code bar- 848 _closes .test contacts 3352 to.prepare:
a-_starting circuit for the time assigner, over trunk
line;and bus conductor 33%.. In addition, con-
tacts 338, and 339 of the respective line switches
arg.closed to connect selector magnets SMI0 and.
SMi1 to conductors: 840a and. 340y of the proper.
bus. circuits,

. The particular one. of the terminal units to;
receive the message is determined by the solici-
tor. SS. assoclated with these units which causes,
a. battery potential to be applied. to either -con-.
dugctor 348, or 380p as. the case may be. Assum-.
ing that.the first mentioned conductor is selected,
magnet SMil is energized to release the code
bar 318 which advances upon the timed withs
drawal of a bail 341 by a cam 34{. on the J-cam,
shaft. Magnet SM{8 remains deenergized, hence,
code bhar 217 which it controls is held in re-
tracted .position. The advance of the, bar 3|8
releases the selector bar for the trunk, hkne_.STLS,_
while, the selector bar for the trunk line STL4,
is blocked. by the latched code bar 311,

The selected bar 4371, whether a regular or
a group:bar, is permitted.to advance in its sec-.
ond step as the J-cam shaft, stgrts its move-
ment; from No. 2 rest position. In this.advance,
all switeh contacts of the associated line switch,
are-closed thereby completing a. connection with
the, seized. trunk line. At the same time, the
selector magnet circuits for both latch magnets;
are opened to prevent accidental seizure of the.
second trunk line during the transmission of the:
message and to reduce the load on the solicitor
contacts. This is accomplished by means of
3, set of switches 341, (Figs. 16* and 22) actuated
by a.cam 342 on the J-cam shaft. On further
movement of the cam shaft, test signals similar
to those transmitted by the primary units are
sent: over the seized trunk line by a test.signal
switech TSS. actuated by a.cam 343 on the J-cam;
shaft. In the transmission of these: signals, &
set. of switches 244 in series with the transmit-.
ting switches TSa are opened to prevent inter-.
ference with signal transmission.

If the test signals are not correctly received.
and recorded, the J-cam shaft is stopped in the
trouble. position. In this poesition a cam. 345,
closes switch 348 to complete a circuit by way.
of conductor 347 for lighting a trouble lamp. 348
(Fig. 30) at the supervisory switchboard. In,
this position of the cam-shaft, cam 345.also opens
a switch 358 in series with the solicitor plunger:
magnet PM: and the -availability switch. 811 fo.
prevent; seizure- of the relay. unit until the trou-
ble: condition is cleared.

When the test signals.are correctly- received
and recorded at the termingl unit, ground is:re-
turned: over- conductor 35! of the trunk line to-
energize: trouble magnet 352 of the intermediate
unit and thus prevent  stopping of the J-cam.
shaft in its. movement to-the No. 4 rest position.

In. its movement from No: .3 to the No. 4 posi=-
tion, the J-cam shaft through the medium: of -
cam 353 (Rig. 16%) closes,a switch.354 to transmib
a. class-of-message. signal over the. seized trunk
line.- As will be. seen by reference.to. Figs. 22, 25
and. 28, the switches. 354 for the intermediate
relay units of the different groups.are:connected
to, different trunk conductors. so. that .the .signal

75 sent out is distinctive of the group, In.this in-
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stance it corresponds to tie class-of-message sig-
nal originally incorporated in the message. The
reinsertion of the class-of-message signal is for
the purpose of properly directing messages
thirough other exchanges. In the case of iocal
messages, the signal is reproduced at the receiv-
ing station to indicate to the receiving subscriber
the manner in which the message was forwarded.

Simuitaneously with the fransmission of the
class-oi-message signal, the J-cam shaft ini-
tiates advance of the chain past the transmitting
cenvrol point in the manner described in con-
nection with the primary relay unit transmitter.
This cperation is timed so that the first message
link, that is the link set with the first address
signal, is moved out of engagemient with the
transiingers beiore tihe series of switches 344 are
closed. The first address signal having served its
purpose of directing the course of the message,
is wnus aiscarded. Succeeding signal combina-
vions are transmitted in the usual way by the
transmitting swiiches 1SSa in cooperation with
commutating switch CSa. In the event of a full
storage condition at the ferminal unit to which
the mnessage is being transferred, a ground poten-
tial returned over the bus conductor 355 of the
trunk line in use energizes full storage stop mag-
net 845’ to stop the chain and thus interrupt
transmission until the terminal unit is again
in condition to receive.

At the end of the message, feeler CF2, releases
the J-cam shaft for movement from the No. 4
1o thie No. 1 rest position. In this movement the
camn shaft interrupts chain advance and rocks
the shaft 448’ to return all of the selector bars
to normal position. The ftrunk line to the seized
terminal unit is thereby released for other mes-
sages.

Signal counting mechanism.—Reference has
been made heretofore to the mechanism for in-
terrupting transmission to the inftermediate re-
lay unit when the full storage capacity of the
unit is reached. This mechanism conveniently
called the “loop indieator” is similar to the loop
indicator shown and described in the prior appli-
cation and it performs exactly the same functions.
Briefly, it comprises a shaft 501’ (Pig. 17) ar-
ranged to be driven differentially from the re-
corder and the transmitter through a spur gear
differenitial 502’. One terminal gear 504’ of
the differential is pinned to the shaft 176’ which
carries the sprockets 83’ for advancing the stor-
age chain through the recorder loop 6’. The
other terminal gear 505’ of the differential is
driven by a cross shaft 507’ from the shaft 269’
which carries the sprockets for advancing the
chain through the transmitter loop 7’. The ar-
rangement is such that the shaft 501’ is rotated
in one direction when the recorder alone is oper-
ating and in the opposite direction when the
transmitter alone is operating. When the re-
corder and transmitter are operating simulta-
neously the shaft remains stationary as in this
instance chain advance is effected at the same
rate in both the transmitter and recorder loops.

Threaded on the shaft 501’ is a rider 500’ which
is held against rotation by a depending flange
26{ slidable in a groove 362 in a stationary mem-
ber 363 forming a part of the framework of the
unit, Due to the threaded connection between
the shaft and the rider, the latter is shifted back
and forth in accordance with the direction of
rotation of the shaft. In the particular embodi-
ment illustrated, the arrangement is such that
the rider moves to the left (as viewed in Fig, 17)
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when the transmitter alone is operating and thus
feeding blank links into the supply section of the
storage mechanism. As the last message signal
leaves the storage section, the rider is stopped
at the “zero” position shown in the drawings,
thus indicating that substantially all of the chain
links are available for use by the recorder.

On the other hand, when the recorder alone
is operating and withdrawing blank links from
the supply section, the rider 580’ is moved gradu-
ally to the right, its limit of movement in this
direction being reached simultaneously with the
exhaustion of the supply of blank links in the
supply section.

Since the links withdrawn from the supply sec-
tion are run into the storage section after signal
combinations are recorded thereon and are held
there until such signals are transmitted, the posi-
tion of the rider not only indicates the number of
iinks availabie in the supply section, but it also
indicates the amount of message matter in stor-
age or, in other words, the storage level of the
relay unit. It is therefore convenient to utilize
the loop indicator for actuating a part of the
primuary distributing mechanism for distributing
traffic uniformly to the intermediate units of the
group in which this particular unit is included.

Primary distributing mechanism

To reduce to a minimum the average time dur-
ing which any message will be held in storage
in an intermediate relay unit, the message should
be sent to that unit which has the least message
matter in storage at the time when the message
becomes ready for transmission to the inter-
mediate units. The primary distributing mech-
anism herein disclosed has been devised to ap-
proximate this ideal distribution and operates to
render any interinediate relay unit in its group
unavailable for further reception of messages in
the event that its storage exceeds by a predeter-
mined amount the storage in the other relay
units of the group. The permissible variation in
storage levels, hereinafter termed the indicated
levels, may be set at any desired figure. In the
exemplary system the indicated levels are ar-
ranged in storage steps of 500 links each.

In general, the primary distributing mecha-
nism acts to route messages to relay units whose
storage level is below the indicated level of the
entire group of relay units. Thus, when all re-
lay units in the group are empty, any one can be
used, but when all but one has message matter
in storage, only that one can receive the next
message. The same applies to other 500 link indi-
cated levels up to the 2,000 link limit above which

he relay units are ordinarily not available, al-
thotuigh they are customarily provided with addi-
tional storage capacity (usually 1,000 links) so
that a maximum length message can be recorded
if started when the relay unit is near the 2,000
level.

The primary distributing mechanism as herein
shown, comprises five separate equipment organ-
izations which, although structurally independ-
ent, are electrically interconnected to operate as
a unitary structure. These include a level switch
mechanism for each relay unit in the group, a
level switcher LEV common to the several mech-
anisms, the solicitor PS for effecting actual as-
signment of the relay units in cooperation with
the level switch mechanisms and the level
switcher, a level shunt control mechanism for
temporarily suspending operation of the level
switcher under emergency conditions, and the
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{ivie assignér'PT for controlling theorder of con-
néction of the primary relay units. The level
switch mechanisms are structurally independent
ahd each is desirably incorporated in its associ-
ated relay unit. These mechanisms-act to control
the level switcher LEV as will be explained here-
inafter and in cooperation with the switcher
control the operation of the solicitor. The latter
includes a mechanically actuated selecting ele-
ment 369 (Fig. 19) for each intermediate relay
unit, hereinafter termed a plunger, for each re-
lay unit, and through the operation of these ele-
ments the units are selected and assigned for
reéception of messages. The operation of the
plunigers is controlled in part by plunger magnets
PM which are likewise individual to the several
relay: units. The 'time assigners (Fig. 20) are
structurally similar to the solicitors each in-
cliiding a mechanically actuated element or
plunger 210 controlled in part by a plunger mag-
net TPM individual to the respective primary
relay units.

Having in mind the general arrangement of
the distributing mechanism as above set forth,
the various equipment organizations will now be
described ‘in the .order in which they are men-
tioned .above.

iLevel swiich mechanism.—Referring to Figs.
17,22, 25.and 28, the level switch mechanism as
installed in each intermediate relay unit com-
prises five groups of switches 371, 372, 313, 314,

and 375 one for the “zero” storage level and-

four for the other storage levels. As stated above,
the indicated levels at which the selective as-
signment of the relay units are effected have been
arbitrarily established at 500, 1,000, 1,500 and
2;000 links in storage. It will be understood,
however, that these numbers are entirely a mat-
tex of choice and that the number of levels utilized
may be-increased or decreased if desired, or the
storage condition represented by any or all the
levels may be changed to suit the particular oper-
ating conditions obtaining. Each of the first four
switch groups consists of three switches identi-
fied respectively by the characters ¢, b and ¢
suffixed to the group reference number. The
fifth switch group comprises a single switch cor-
responding to the a switches of the other groups.

Referring to Fig. 17, the movable and stationary
members of the switches 37(—375 in the form of
resilient ‘metal strips are mounted on an elon-
gated segmental -supporting member 376 of in-
sulating material carried between brackets 377
rigid with the framework of the relay unit. The
supporting mermber is disposed generally parallel
to the loop indicator shaft and the switch groups
are arranged 'in side-by-side relation soc as to
aline respectively with the rider 388’ at the
different storage levels, the switches of each group
being located in the same vertical plane.

In the preferred form illustrated, the a and b
switches are mounted on one side of the support
376 and the ¢ switches are mounted on the op-
posite :side of the support for cooperation with
a common switch actuating member in the form
of an srm 378 loosely mounted on a horizontal
shaft 379 to swing in the vertical plane of the
switches. Fitted on the upper end of the arm
between the ¢ and ¢ switches is'a T-shaped head
880 of insulating material adapted to engage the
movable members of these switches alternately.
A-:pin ‘381 of insulating -material affixed to one
edge of the arm 378 adjacent the head 380 -is
arranged to coact with the movable member of
the bswitch.,
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“The ‘swit¢h -actuating arms 378 are normally
held in a retracted or “down” :position by in-
dividual springs 382 and in this position act to
close the associated - and b switches. ‘Upon
movement of a switch arm to its operated or
“up” position the switches a and b open and the
¢ switch is closed. Operation of the switch arms
is effected as an incident to the movement of
the rider 589’ through a point corresponding to
the level represented by the switch:group. Thus,
as the rider moves upwardly, the switch ‘arms
are operated in succession as the rider passes the
0, 500, 1,000, 1,500 and 2,000 levels. On the re-
turn movement: of the rider, the switch arms are
returned to their “down” positions in the reverse
order,

The mechanism for operating the switch arms
is so arranged that movement of an arm from
its'down to its up position, or vice versa, is effected
in less than ‘one link cycle and in timed relation
with the -cycle so as to avoid any possibility of
interference with the proper functioning .of the
distributing ' mechanism. Por this ‘purpose ‘a
switch arm- engaging lever in the form of a bell
crank 38315 pivoted on a:bracket 384 projecting
laterally. from the rider 500’, the upper end of
the lever being ipositioned for engagement with
the tips of the switch arms 318 as the rider moves
along the loop:indicator shaft:501’. The lever
is. rocked about its pivot in timed relation to the
link ¢ycle through the medium of a cam <385
fast on the end of the loop indicator shaft 504°.
Forithis:purpose, the cam'is formed with a sloping
portion 386 which at the proper point in the cycle
engages’ a follower roller 387 cafried on a crank
arm-388 fast ‘on: g rock: shaft 389 which: extends
generally parvallel ‘to-the loop indicator shaft.
Fast onthis shaft isa collar 399 having an elon-
gated radially projecting flange 381 slidably en-
gagingin a slot in the lower end of the lever 383.
The arrangement is such that an operative ‘con-
nection between the flange and the lever is main-
tained throughout the entire range of movement
of the rider 580’ whereby the lever may be rocked
between ‘active and inactive positions by the rota-
tion of the cam. A spring 3%2 acting on a crank
arm 383 fast on the 'rock shaft; normally main-
tains the lever in its inactive position.

-As ‘the:cam 385 is rotated with the loop in-
dicator shaft which drives the rider 569, the
operation:of the lever 383 is automaticglly timed
with -the'movements of the'rider. In the present
instance the :arrangement "is such that as the
rider passes the zero lével, the lever 383 is rocked
to- move the first switch arm-378 to its operated
or up position, thereby opening the switches 371a
and 37is and closing the switeh 3Tlc. As the
ridér -passes ‘the 500 -level the switch arm 378
located at that level is operated to open the
associated switches 3722 and '372» and close the
switch 872.. The ‘same seduence of operation
takes place as the rider passes the 1,000 and 1,500
levels. At the 2,000 level the fifth switch arm
is operated to open the switch 315.. As long as
the rider is above the position in which a switch
arm is operated, the arm is held in its up posi-
tion -through the medium of an elongated bar
394 ‘secured ‘to the rider 596’ with its rear edge
positioned ‘to engage the tip of the arm. In the
up movement of the rider, that is, movement to
the 'right as‘viewed -in ‘Fig. 17, the edge of the
plate‘engages-the tip of the switch arm before the
lever383 is withdirawn:

'On ‘reverse movement of the 'rider, the switch
afs-‘afe ‘returhed -“to- theirdown positions in
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suecession through the action of lever 383, cam
385 acting in reverse manner. Thus as the hold-
ing bar 394 is withdrawn from the path of each
switech arm, the arm is engaged by the lever 323
which is in its forward position at this time due
to the action of the cam 388. As the cam follower
rides down the inclined surface of the cam, the
lever is returned to its normal position, thus al-
lowing the switch arm to move back to its down
position without shock or jar.

A level switch mechanism such as that de-
scribed is provided for each of the intermediate
relay units. Certain of the switches of each
mechanism are connected in series to control the
operaticn of the lzvel switcher, which, through
the medium of other of the level switches and
switches actuated by the switcher govern the
operation of the solicitor to determine auto-
matically the order in which the relay units are
assigned for the reception of messages.

Level switcher—The function of the level
switcher LEV is to prepare marking circuits for
the relay units of its associated group in ac-
cordance with the storage levels of the respec-
tive units. More particularly, the level switcher
performs switching operations whereby non-
busy relay units are marked available for the
reception of messages in preferential order as
determined by the storage levels of the units.
This is done by closing the circuits for the so-
licitor plunger magnets of the relay units whose
storage level is below the indicated level of the
switcher. 'Thus, when certain of the relay units
of the group are at or above the 500 storage level
and others are below that level, the said other
units are given preference until they too reach
the 500 level. When this occurs the switcher is
automatically shifted to the next higher indi-
cated level to condition it for determining pref-
erence of the relay units until all reach or pass
the 1,000 storage level. This preferential selec-
tion is carried out in the same manner at each
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indicated level. However, when the storage level -

of one or more units falls below the indicated
level in which the switcher is operating, the latter
is immediately returned to a lower indicated
1evel to pick up the unit or units with depleted
storage.

Level switching circuits—In carrying out the
above operations, the level switcher is equipped
with a plurality of sets of electrical switches ar-
ranged for actuation in a predetermined se-
quence by suitable cams carried on a cam shaft
881 (Figs. 18 and 202) having a plurality of
rest positions, each of which represents an in-
dicated level. These indicated levels correspond
to the storage of the relay units and in this
instance are identified respectively as the 0, 500,
1,000, 1,500, and 2,000 indicated levels,

One of the sets of switches above referred fo
comprises four groups of switches, that is, one
group for each indicated level above the zero
level. Each group includes a switch for each
relay unit served by the level switcher. In the
system illustrated, there are three intermediate
relay units associated with each level switcher,
hence three switches are provided in each group.
For convenience of identification, these switches
are designated by a common reference charac-
ter K preceded by the numerals 1, 2 and 3 to
indicate the particular relay unit to which they
are connected and following by a suffix 5, 10,
15 or 20 to indicate that the switch is assigned
to the 500, 1,000, 1,500 or 2,000 indicated level
as the case may be. In Figs, 22, 25 and 28, the
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switches are shown grouped in accordance with
their circuit relationship and the individual
switches are designated with their level identi-
fying suffixes. The physical grouping of the
switches is shown in Fig. 18, while their arrange-
ment with respect to the cam shaft is shown in
Fig. 208,

Referring to Figs. 18 and 202 it will be ob-
served that the four groups of K switches are
arranged around the periphery of a cam 402
fast on the cam shaft 40f. These switches are
of the normally open type and are adapted to be
closed in succession as the cam shaft advances
from its normal rest position in what may con-
veniently be called the “up” movement. Closure
of the switches is effected in this instance by
individual actuating members, each comprising
a push rod 403 having a squared end portion
404 guided for endwise movement in a rigid
member of the frame 403. Each push rod carries
on its lower end a cam follower roller 406 engage-
able with the periphery of the cam 482. A coiled
compression spring 407 encircling the push rod
holds the follower roller in engagement with
the cam,

By reason of the position of the K switches
and the contour of the cam 402, all of the
switches are in open condition when the cam
shaft is in its normal rest position. Upon move-
ment of the shaft to its second rest position,
switches [Ks, 2Ks and 3K5 are closed. In the
third rest position, switches 1K1, 2K and 3Kio
are closed. Switches 1Kis, 2Ki15 and 3Kis are
closed in the fourth rest position, and finally
switches K2, 2K and 3Ka are closed in the
fifth rest position. On downward movement of
the cam shaft, the switches are opened succes-
sively in reverse order.

Hach of the switches {Ks—IK2 is arranged
with a corresponding one of the level switches
37223752 of the first intermediate relay unit
in a series circuit for the plunger magnet {PM
of that relay unit. Switches 2Ks—2Kz2o are simi-
larly arranged with the level switches 372a—375a
of the second primary unit in series circuit with
the plunger magnet 2PM of that relay unit,
Likewise, the third group of switches 3Ks—3Kao
and switches 372.—375. of the third primary
unit, are incorporated in the circuit of the
plunger magnet 3PM of the last mentioned unit.

It will be apparent from the foregoing, that
the switches IKs and 372. jointly complete one
energizing circuit for the magnet {PM, switches
K10 and 3732 complete a second energizing cir-
cuit for the magnet, etc. As explained before, the
switches 372.—375. are opened successively as
storage in the relay unit passes the 500, 1,000,
1,500 and 2,000 levels, respectively. Accordingly,
the plunger magnet for the relay unit can be
energized only when the storage level of the relay
is below the indicated level in which the switcher
is operating. For example, when switch K5 is
closed in the 500 indicated level as it will be when
all of the associated relay units are above the
zero storage level and at least one is still below
the 500 level, plunger magnet {PM can be ener-
gized only in the event that the switch 312, is
closed due to the presence of less than 500 links
in the storage section of the first relay unit. If
the number of links in storage in that unit ex-
ceeds 500 links, switch 372, is opened, hence
the plunger magnet circuit is incomplete and
the relay unit is marked unavailable at the
solicitor,

As the K switches are similarly intercon-
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nected with: the level switches. of. the: other relay:

units, it.follows.that: the:relay units.are marked:
available. in: accordance: with the  amount of
message matter. stored therein. .As a result, the
traffic: is distributed over: the: relay units with

substantial uniformity-so that each unit handles

approximately the same: amount of traffic. This,;
of: course;. equalizes wear of the equipment and
it: likewise expedites message transfer since de-
lays,. due to. overloading: of one unit, are. effec-
tually avoided.

Drive.mechanism.—The movement of the level
switcher cam.: shaft 481 between its several rest

positions, ‘is effected by suitable power driven

means controlled through-the medium of control
cireuits. including:the b and c level switches of
the respective relay units and switches actuated
by the cam shaft itself. The power driven means
may, of course, be of any  suitable character.
In: its preferred form as shown.in Fig. 18, it:in-
cludes a:pair of intermittently operated oppositely.
rotating. drive shafts 411: and 412 operatively
connected with the: cam shaft. by a spur gear
differential 413, one: terminali gear 414-of which
isrfixed to the shaft 411, and the other terminal
gear 415 of: which:is. fast on the shaft 412. The
intermediate: of: the differential is: in the form
of a gear: 416 which meshes with a gear 447 fast
on the cam .shaft;

As herein: shown, the shaft &i1 is' arranged g

to.be ‘driven intermittently in.steps of one hun-

dred twenty degrees by a positively acting clutch.

418 preferably of  the:bar type similar to the
cluter” 71 hereinbefore: described. The driving

member of this cluteh is rotated continuously in §

a: clockwise direction: from & main shaft 419
driven in any suitable manner at the same speed
and in synchronism with the main:drive shafts
ofthe relayunit. The drive for the clutch mem-
Ver-in this instance comprises & gear 429 - on.the
main shaft, an intermediate gear 421 and a gear
4§22 rigid with the clutch:member.

The cluteh: 418is provided -with a-control finger
423 of ‘the usual character adapted to disengage

the: driving and’ driven: elements of the clutch 4

when' blocked against rotation by a. detent 424.
The ‘detent as herein shown comprises an exten-
sion: of the pivoted: armature of a: magnet: UM,
hereinafter called the “up” magnet, which oper-
ates when energized to withdraw the detent and
thus free- the finger for engaging ‘the: clutch
eléments: - When -the ‘magnot - is deenergized; a
spring: 425 returns the detent to the position
sHown' in’ the: drawing in which it blocks' the
cliutch* finger and‘thereby-disengages the clutch.

“When' the:clitch- 418: is' engaged; the shaft 411
isrotated in-a-clockwise’ direction (as viewed 'in
Fig. 18) and through the intermediate gearing it
turns:the cam- shaft 404 in:a counterclockwise or
“up”~direction, thattis, toward’ the higher indi-
cated:lévels. The gear 'ratios-are such that the
cam. shaft moves from- one: rest position: to' the
next in. each cycle orpartial revolution:of “the
shaft” #11) the-cam:shaft: movement:in - this in-
sténce being in:staps of .one-eighth:of:a revolu=
tion:

iThe' other: drive: shafty for: the: differential,
namely the shaft 412, is driven intermittently: by
a:clutch 425 similar insall:respects - tosthe clutch
Alg:above ‘deseribed. -In:this instance; however,
the-driven clutch member issrotated in.a:counter-
clackiwise direction as ifs:driving'gear: 427 meshes
directly: withs a:gear-428 on the main: shaft: 419:
Consequently;. when: the:clutch- 42§ i§ -engaged;
thershiaft 442 is: rotated:so: as:toiturn the  cami
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shaft 401:in:-the. “down? direction or toward a
lowersindicated:level. . Engagement of this clutch
is:effected: by a- magnet: DM hereinafter called.
the: “down’ magnet: through the medium of a

: spring actuated detent: 429 cooperating with a

control finger 430: of the clutch.
Control:circuits—The -positioning of the cam
shiaft at:the various.rest positions or indicated
levelsis controlled. by selective energization of the
detent;actuating:magnets UM and DM in accord-
gnce: with: the -general: storage:-level of the asso-
ciated relay-units: .This control is effected in the
present:-instance by the: control. circuits herein-
before referred:to, of which there are: a plurality

- for esch detent magnet. 'Th=:confrol circuits for

the“up” magnet UM ‘include the ¢ switches of
the several units:and a.group of four switches J
actuated:in:successive switching levels. by a cam
431 (Figs: 18-and 20%) on the cam shaft 401.

- The> controli eircuits: for the “down” magnet DM

inelude: the: b level: switches of the several units
and a:group of: four; switches J1{ also actuated by
the .cam: 431}

In the: preferred: form:illustrated in the draw-

5+ ings:the J-and Ji switches are arranged: around

tHe ‘periphery: of the -cam 431 and spaced apart
as.indicated: in: Fie: 202 ' For: actuating these
switehes;. the cam is formed: with two lobes co-
acting with:follower rollers 432 (Figs. 18 and 202)-
carried by push rods 433-individual to the respec-
tive switches.. DIike:the:push rods.403 previously
deseribed; . the push. rods: 433 are: formed with
square: shanks 434 guided for endwise move-
ment:in the frame> member: 405. Coiled springs
435 hold: the. followers:in: engagement with the
cam..

“The:sequence in:which the'J. and J{ switches
are operated: will:be readily seen by reference to
Fig. 208 ‘Thus; when: the cam:shaft is in its
normal. rest:position, that is:the zero indicated
level: the Jo: switch: is closed and: all of the re-
maining: switches ‘are.open.. In the second rest
position;.the:Js switch and Jlo switch are closed,
and: the other switches are open. In the third
rest: position: the«Jie:switech: and . the Jis5 switch
odew closed:.and: the others:are open. In the
fourth.rest:position; the Jis-and Jlio switches only
are closed: - Finally: in: the fifth rest position,
the Jiis:switeh :alone is:closed.

Referring now:toFigs. 22, 25'and 28, it will be
observed: that. the 3Tl: switches of the several
relay -units, and: the: J; switch are arranged in
series scircuit with :the “up” magnet UM. Simi-
larly the 312, 373: and!374; are arranged in cir-
cuit with the Js, Jio and Ji5 switches respectively
i1 parallel circuits: for: the magnet UM. Thus,
when the storage levelsof:all of the units initially
rise above the zero level;-all of the switches 3Tl¢
are’ closed*and: with switeh. Jo closed as above
explained; the magnet UM is energized to engage
the-clutch-418-and thus cause the cam shaff to
be rotated in‘the:“ip” direction: to the next rest
position-or the 500 indicated level. At this level
the switch: Jo is-opened-to. interrupt the circuit
in"‘the'magnet and the switch Js is closed so that
when all off the -switchies' 872. close upon the
relay. units reaching or ‘passing the 500 storage
level, magnet UM will again energize: to initiate
movement: of: the-cam shaft to the third rest
position-orithe:1;000 indicated level. In the same
mantier; the:shaft isradvanced to the® 1,500 and
2,000 indicated’1évels»when the storage in the
relgy.unitsbuildscup-to.the required point.

‘Far. controlling:movement of: the:cam: shaft in:

" tHe: “‘down’ ‘direction, thed371n.switches of all the
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units and the Jii5 switch are arranged to close
a circuit for the down magnet DM. Similar cir-
cuits for the otrer levels are provided by the
switches 872p, 373p and 374» and the switches
Jie, Jl1s and Jl-o, respectively, As explained
before, the b switches of the relay units are
opened when the storage level of the unit passes
a predetermined point and closed when the stor-
age level falls helow that point. Thus assuming
that the cam shaft is set in the second rest posi-
tion or 500 indicated level, switch Jis will be
closed. Accordingly, if the storage of any relay
unit falls below the 500 level, closure of its switch
37iv will complete a circuit for the “down” mag-
net DM, thus causing the cam shaft 401 to be
moved back to its normal rest position or zero
indicated level. Similarly, a “down” movement
of the cam shaft is initiated from any indicated
level when the storage level of any relay unit
falls below the indicated level in which the cam
shaft is positioned. Thus the cam shaft is moved
in either direction in accordance with the rise and
fall of the storage levels of the relay units to
enable it to perform its intended function of dis-
tributing traffic uniformly over the several units.
This is done through the medium of the K
switches which with the a switches of the several
relay units mark the units available at the solici-
tor by closing their respective plunger magnet cir-
cuits in preferential order.

The solicitor.—As indicated above, the solicitor
PS is a device which effects actual selection of
the particular one of a group of available relay
units and assigns that unit for the reception of
the next message to be transferred. The selec-
tion is accomplished positively by advance of the
plunger 3359 (Fig. 19) individual to the selected
relay unit as will be described in detail presently.
The solicitor is adapted to perform the selecfing
operation substantially instantaneously without
regard to the position of the unit in its group,
there being no delay for testing intervening non-
available relay units. As a result, no time is lost
in initiating transfer of messages from the pri-
mary relay units to the intermediate relay units,
thus enabling the exchange equipment to handle
a maximum volume of traffic and at the same time
materially speeding up delivery of messages to the
exchange subscribers. For convenient reference

the solicitors are identified by suffixes 1, 2 and 3 ¢

indicating the first, second and third groups of
intermediate relay units respectively. Inasmuch
as all are of similar construction and operate in
exactly the same manner, a description of one
will suffice.

In the preferred form shown in Figs. 19, 192 and
19, the plungers 289 are arranged around the
periphery of a circular frame 441, Each plunger
comprises an elongated bar, preferably of gener-
ally rectangular cross-section, beveled on its inner
end to present on one side only an inclined sur-
face 242 (Fig. 19%). The plungers are suppoerted
in a horizontal pesition and each is guided for
endwise movement in a slot formed in a stationary
member 243 encircling the frame 441, the slots
radiating from the axis of the frame.

Suitable means is provided for yieldably urging
the plungers inwardly or toward the frame 441.
As herein shown, this means comprises leaf
springs 444 bearing against a cross bar 445 indi-
vidual to each of the plungers and operatively
connected therewith by a yoke 4486.

The plungers are normally held in a retracted
position by two separate restraining means. One
of these restraining means comprises a bail 447
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in the form of a pivoted lever rigid with the arma-
ture of the associated plunger magnet PM. The
bail as herein shown is of generally U-shaped
form and its free end is adapted to hook over an
upstanding lug 848 adjacent the inner end of the
plunger. A spring 449 tends to draw the bail
intoc engagement with the lug to hold the plunger
in its outer or retracted position, the bail being
withdrawn to release the plunger upon energi-
zation of the associated plunger magnet. As ex-
plained above, the plunger magnets are ener-
gized only when the corresponding relay units are
marked available for the reception of messages
by the action of the leve! switching mechanism.
Accordingly, the plungers are released only when
their relay units are in condition o receive mes-
sages.

The plungers released in the above manner are
held against movement until 2 predetermined
point in the operating cycle of the solicitor by the
other restraining means referred to. This means
comprises a series of bell crank levers 45¢, one for
each plunger. The bell cranks are pivoted on a
stationary part of the framework witih one arm
projecting upwardly into the path of a lug 452
depending from the under side of the associated
plunger. The other arm of each bell crank ter-
minates in a tip engaging in a grooved collar 453
integral with a slesve 454 slidable on a hollow
shaft £55 which in turn is slidably mounted on a
vertical rock shaft 458 extending through and
coaxial with the frame 4414,

It will be apparent that movements of the collar
453 between an upper and a lower position, will
be effective to rock the bell cranks 451 into or
out of blocking relation to their associated plung-
ers and, additionally, to return advanced plung-
ers to their retracted positions. The collar is nor-
mally held in its upper or blocking position and

+ is moved to ils lower or releasing position for a

portion of each operating cycle through the medi-
um of a cam shaft 468 hereinafter called the solic-
itor cam shaft. Positive movements are imparted
to the collar by suitable cams 43! acting on a

- double follower 462 fast on a horizontal rock shaft

463. Also fast on this rock shaft are a peir of
spaced crank arms £54 straddling the sleeve 454
and each having pivoted on its inner face a drive
block 465 confined between upper and lower disks
466 rigid with the sleeve.

The cams 461 are timed so that the bell cranks
are withdrawn to release the plungers at the
proper point in the operating cycle and then
returned to restore all plungers after the selection
of the relay unit to receive the next call. In this
way the plungers of all available relay units asso-
ciated with this solicitor are released simul-
taneously.

The released plungers all move forwardly under
the influence of their respective advancing
springs, but only one of these plungers is permit-
ted to execute its full stroke whereby its associ~
ated relay unit is assigned for the reception of
the next message to be transferred. The selec-
tion of the plunger to move through a full stroke
is effected mechanically and in a positive manner
which effectually prevents simultaneous advance
of two or more plungers.

The selecting means as herein shown, com-
prises a series of circulating blocks 47! slidably
supported in an endless circular guideway formed
by vertically spaced plates 472 and 4713 consti-
tuting a part of the frame 441. The guideway is
formed in this instance by an annular groove 474
in the lower face of the plate 472 and an upwardly
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facing:shoulderi475 formed. by g recess in; the:pe-
riphery: of the lower plate:473. A guard 476.en-
cireling:the plate 473 holds the. blocks in; position
on.the:shoulder.

The:blocks 471 are formed on the-same radius
as:the:groove 414 so.as to slide-easily therein and
each is formed at oneedge with a-notch having an
inelined surface- 41T engageable by -the inclined
innern.end .of one of the plungers: 369 whereby the:
block.is-moved ‘downwardly:or in g clockwise di-:
rection:as viewed:in Fig: 192, In-order that the
block may move sufficiently to accommodate an
advancing plunger, a gap or -space-equal to-the
width .of ‘a plunger. is left in the series of blocks:.
- Accordingly, only-one plunger at a time can ad-
vance-in-its full :stroke and in so.doing the block
which -it: engages as-well as- intervening blocks,
are shifted in a clockwise -direction to fill the va-
cant-spot.

‘In-case two or -more plungers are released
simultaneously as may happen on-occasion when
several cf-the relay units are available for the re-
ception of messages, the first-plunger: clockwise
the space-left by:the previously advanced plunger
is:given: preferenee. - This is for the reason that

in their:initial .advance the -straight tips of the .

plungers are entered in back of the next adjacent
blocek (on: the:side. opposite the inclined surface
4717) :so-as to effectually hold that block and pre-
ceding ones against movement. It will be seen,
therefore, that the space left by any plunger in
one operating cycle constitutes the reference point
for selecting the plunger to be entered in the next
operating cycle. This reference point changes
constantly as the blocks circulate around' the
guideway, thus tending to:give the plungers pref-
erence-in ‘the -order.in which- their associated re-
‘lay units become-available.

The selected ‘plunger in -its forward movement
operates to setup-a-transmission circuit from the
primary relay unit in-which the message is stored
to-the selected intermediate relay unit and -addi-
tionally to mark the latter unit busy or unavailable
for other messages. As herein shown, the trans-
mission -circuit is established by the closure of a
normally open switch 481 (Figs. 19 and 22)
through engagement of the movable switch mem-
ber By the cross bar 445. Closure of switch 481
completes. a circuit: from ground, common con-
ductor: 482, winding of a relay 483 whose func-
tion will be explained later, conductor 484, switch
481, pilot line 485.10 conductor 229 of the local
trunk line .individual to the selected relay. unit.
As previcusly explained, ground potential on the
pilot line energizes the associated selector magnet
SM of the primary relay unit which releases a
control bar for closing the line switch LS to con-
nect the local trunk line with the transmitting
mechanism of the primary relay unit. The con-
nection. thus established is maintained independ-
ently of the solicitor until terminated by control
mechanism embodied in the primary unit-as pre-
viously. described.

The selected intermediate relay unit is marked
busy by. the opening .of a normally closed switch
486 actuated in this instance by the cross bar 445
in.the advance of the plunger. Opening of this
switch interrupts.the circuit. for the availability
magnet 316 and the. plunger magnet. PM. The
latter: restores. the. bail 447 to.latching; position.
The availability magnet: when.deenergized allows
the mechanically. operated-availability. switch 311
to-open, thus preventing: reenergization of either
magnet, until:the:switch is again.closed following
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the-receipt:of ; a.complete message. as-before ex-~
plained.

Means: is: provided -for. locking the. circulating
blocks 47l-against displacement when the plungers
are-withdrawn and for alining the blocks so that
their notches . register accurately with the re-
spective plungers. This means, as herein shown,
comprises g series.of upstanding latch fingers 489
mounted:on a circular plate 4906 rigid with the
upper. end;-of the hollow shaft 455 and operable
when moved vertically to engage in complemen-
tary notches 491 in the lower edges of the blocks.
The: front wall of each notch is beveled as indi-
cated:at 492 and the latch fingers are so located
that .the blocks.are..cammed back slightly each
time -the: fingers are entered to.insure sufficient
clearance for the entry.of the plungers.

Entry and withdrawal of the latch fingers is
effected positively. and in timed relation to the
withdrawal of the plungers through the medium
of ;suitable cams 493 carried by the solicitor cam
shaft.460. As herein shown, the cams coact with
a.double :follower 494 .carried by.a.rock shaft 495,
Movements-of the rock shaft are imparted to the
hollow shaft 4585 andlatch finger assembly by rigid
crank-arms 496. spaced apart to straddle a sleeve
491 fast-on the hollow shaft. Drive blocks 498
pivoted to the respective crank arms and confined;
between upper. and. lower plates 499 rigid with
the: sleeve. 49T provide. an-operative connection
between the parts.

The operating cycle of the solicitor is controlled
by the cam shaft. 460 which, in this instance, is
driven by a pesitively acting clutch 508 preferably
of the bar type.similar to the clutch Tl herein-
before. described. The driven member of the
ciutch is fast on the cam shaft and the driving
member is rotated continuously from any suitable
source of power, but in- timed- relation to the
drives .of.the relay units. Engagement. and dis-
engagzement of the clutch is controlled by a finger
801, which acts. through a rack.and pinion con-
nection indicated. generally at 562 to shift a bolt
503 intc or out.of notches 504 in. the periphery
of. a disk-like; member 585 forming 5 part of the
driving member. ‘

Cooperating with. the clutch finger 56f is a
detent. B86. comprising in this instance, an ex-
tension .of the armature of a magnet 587 herein-
after called the solicitor stop magnet. A spring
588. normally helds the detent out of the path of
the clutch finger whereby the latter, through the
action of .a.spring 889, is rotated sufficiently to
enter the bolt 582 and thus engage the elutch in
well known manner. The stop magnet when en-
ergized, moves the detent into the path of the
cluteh finger, thereby. withdrawing the bolt and
disengaging the clutch.

The.stop magnet. 587 is energized to stop the
cam.shaft and. thus prevent withdrawal of an
advanced -plunger until. the selected relay unit,
represented by the plunger, is seized by -the pri-
mary. relay. unit. which holds: the message to be
transferred. As.herein shown, the energizing cir-
cuit for the magnet:is-completed by a switch 510
(Figs. 19.and 22) closed as.an incident to the ad-
vance of the plunger. When the relay unit is
seized, relay 483 energizes in series with the selec-
tor,magnet SM.of the primary unit and opens &
switch B{{ to interrupt-the circuit for-the.stop
magnetrand. thus restart the cam shaft for selec~
tion .of the: intermediate unit to receive the next

message.

‘Closure;of the swijch 5108.is also:utilized to start
thetime . assigner.BT1 associated with fhe solicitor
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PS:. To this end the switch is connected with a
pilot wire 512 which is multiplied through all of
the primary relay units of the exchange as shown
in Figs. 21, 24 and 27. When any primary unit
such as the unit PR1 (Fig. 21) has a message
directed to the group of intermediate relay units
served by the solicitor PS: the pilot wire is ex-
tended by way of a branch conductor 5i3 (Fig.
21), switch RIl and a conductor 514 to a time
assigner plunger magnet TPM individual to the
primary relay unit.

Since switch 5{0 must be closed when any in-
termediate relay unit of the group is seized, means
is provided to enable any plunger of the solicitor
to actuate the switch. This means in its preferred
form comprises a switch actuating member here-
in shown as an arm 3¢5 (Fig. 19) fast on the lower
end of the rock shaft 436. A spring 5!8 normally
holds the actuating member against a stop 5i1
thus allowing the switch contacts to open.

Fast on the upper end of the shaft 456 is a star
wheel 518 having a series of notches (cne for each
plunger 358) each formed with an inclined sur-
face engageable by the beveled tip of a finger or
extension 548 integral with the associated
plunger. The notches are so positioned that a
plunger on advancing through its full stroke
exerts a camming action on the inclined surface
of the corresponding notch to rock the star wheel
and shaft in a direction to close the switch 510.

The switch actuating mechanism above de-
seribed also acts to open a normally closed switch
520 upon the advance of any one of the plungers.
This switch jointly with a switch 521 closed by &
cam 522 on the solicitor cam shaft, controls the
level shunt mechanism which will be described
next.

Level shunt mechanism

Tt will be recalled that in the normal operation
of the primary distributing mechanism, no mes-
sages are routed to an intermediate unit above
the indicated storage level. However, when all
relay units below the indicated storage level are
busy, the selecting action of the level switcher
is temporarily suspended so that a connection
may be sought with a non-busy relay unit with
storage above the indicated level (but below the
2,000 level). This is accomplished by closure of

switches 525, 527 and 528 (Figs. 19 and 22) con-

veniently called level shunt switches which com-
plete shunt circuits around the 2,000 Ilevel
switches 1K20, 2Koo, and 3K20. These K switches
of the relay units below the 2,000 level are open,
of course, but closure of the shunt switches ener-
gizes the plunger magnets of all such units that
are not busy so that one of the units may be as-
signed to receive the waiting message.

While any suitable means may be employed for
actuating the shunt switches, it is preferred to
employ a cyclically operable shaft 529 having a
cam 530 operable through a cam follower 53i,
rock shaft 532, rigid arm 533 and push rod 534
to shift the movable contact members of the
switchas between open and closed positions. The
cam is shaped so that the switches are open when
the shaft is in its normal rest position and closed
when the shaft is in an intermediate position.

For driving the shaft 529 there is provided a
cluteh 535 similar in all respects to the clutch
589. The clutch 535 has the usual control fingers
536 cooperating in this instance with two detents
53T and 538. The first detent is positioned to
block the clutch finger and stop the shaft in the
normal rest position while the latter detent is
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positioned to block the finger and stop the shaft
in the intermediate position. In the particular
embodiment illustrated, the detents are adapted
to be actuated by magnets 533 and 549, respec-
tively. Detent 587 is normally held in blocking
relation to the clutch finger by a spring 541 and
is withdrawn to engage the clulch upon erergiza-
tion of the magnet 538. Detent 538, on the other
hangd, is normally held out of the path of the
clutch finger by a spring 542 and is moved into
clutch disengaging position upon energization of
the magnet 540,

To enable the level shunt mechanism to func-
tion at the proper times, the detent actuating
magnets 538 and 540 are connected in parallel
in a control circuit which includes the normally
closed star wheel switch 52§ and the normally
open cam switch 521 in series. The cam 522 is
timed so as to close the switch 821 only after an
interval sufficient to allow a piunger to advance.
Thus, if a plunger advances, switch 528 opens the
magnet circuit so that the level shunt mech-
anism remains inactive.

In case all intermediate relay units of the
group are unavailable, no plunger is advanced
in that part of the solicitor cycle in which a
plunger should advance and the star wheel switch
528 therefore remains closed, while the switch
52} is closed by the cam. Magnets 539 and 540
are accordingly energized to withdraw the detent
537 and enter the detent 538, respectively, With-
drawal of the detent 537 engages the clutch 535
which drives the level shunt cam shaft through
its first step. Detent 588 disengages the cluich
to stop the cam shaft in the intermediate posi-
tion. In this position the level switches 526, 827
and 528 are closed angd if any of the relay units
above the indicated storage level but kelow the
2,000 level are non-busy, their plunger magnets
are energized and one of those units is selected
in the next operating cycle of the solicitor. In
case all relay units are above the 2,000 storage
level, the switch 521 opens at the end of the so-
licitor cycle and detent 538 is withdrawn. The
cycle is therefore repsated until a receptive re-
lay unit is found, that is, until one of the relay
units transmits stored message matter to bring
the storage level below the 2,000 level and, when
that relay unit becomes idle, it is seized for the
transfer of the next message destined for that
group. The advance of a plunger to seize the
relay unit opens the switch 520 thus deenergizing
magnet 549 which withdraws the detent 538 and
thereby reengages the clutch 535 to drive the cam
shaft back to its normal rest position.

Time assigner

The function of the time assigners PT will be
apparent from the foregoing description of the
operation of the distributing mechanism. Brief-
ly stated, each time assigner acts to condition the
primary relay units of its group one at a time
for seizing the intermediate relay units assigned
by the solicitor. To avoid the delays that would
result from testing the primary units in succes-
sion for waiting messages, it is preferred to uti-
lize a selecting device operating on the same prin-
ciples as the solicitor, that is, one capable of se-
lecting the waiting primary units without regard
to their relative positions in the group.

Referring now to the time assigner illustrated
in Fig. 20, the plungers 370 and their associated
plunger magnets TPM of which there is one for
each primary relay unit served by the time as-
signer, are arranged in a circle about a frame
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{2

541 rcarried ;on »a svertical -shaft; 542.. (The
plungers:310:are-similar.toplungers: 369 previous-
-1y .described,vexcept: for: the omission:of: the:star
‘wheel -actuating fingers: and- like’ those:-plungers

are supported for endwise;movement radially-to- .

-ward and from the frame 541a.

-Selection -of : a; pluniger: for-advance-to. its: full
stroke is effected by.a-series of-circulating blocks
543 rexactly like.the-blocks-4T1 and-arranged.-in
the- same:mannersinsa-cireular.guideway; in. the
frame-54/{.. Ea,ch,of the.plungers is urged-in-
-wardly by leaf Springs: 544.bearing on-a-.cross-bar

-545- operatively .connected. with.its plunger by a
:yoke-546. :A:bail $4T-actuated: by the associated

plunger «m,agnet TPM-holds theplunger retracted .

until. the .corresponding iprimary: relay amit -is
ready to relay a2 message. When: the first-mes-
sage-link-is advaneed.to. thetransmitting control
point, :the :selector: mechanism.. of -the . .primary
relay unit prepares-a; cireuit for-the plunger mag-

net-by closing:an.appropriate-selector switch; for

110~
-sage -distributing --mechanism.
-completes -an-energizing- circuit for one of the

example,. the-switch: R (..in. the case .of. a: first

class message. Thisscircuit.is completed: when
the:solicitor-grounds.the.pilot-line:512 as.before

. explained, thereby.energizing..the. plunger mag-

-net-to. release .the.assoeiated . -plunger.

.The plungers so-released-are permitted to-ad-
vance.at a.predetermined point.in the.operating
cyele by swithdrawal .of zindividual -restraining
bails..each comprising::
having.one-leg:engageable with. a.depending.lug
on-one of the.plungers. “The.other.legs.of the
bell cranks. engage«m -a; grooved collar 548.slid-
able Verbica.lly on. g hollow-shaft 550.enclosing.the
- gshaft 542a.
each cycle.by.a .cam;551. acting .through.a. fol-
lower. 552, :As.the.time. assigner-and. associated
solicitor.are required:to.operate in synchronism
the cam 551.may.be convenieritly mounted on &
-shaft. 553. driven _in. synchronism with . the soliei-
_tor cam shaft 460:through the medium. of .a.gear
553a. A second.cam "554.on: the.cam.shaft acts
.through g féHower '555. to. impart, movements to
the hollow.shaft 550 so.as-to enter locking fingers

556 when-the.plungers. are rétracted and to with- 4

draw the locking fingers when the plungers-are
released.

. A selected.plunger, on:moving through its full
stroke acts through the associated. cross bar 545

to close a switch 551, .'Closure of the switch ap- -

.plies.ground to.a conductor 558 .(Figs. 21, 24 and
27) .multipled through:all, of. the, time assigners
.and connected.to’the testing magnet 253’ of the
-calling. primary relay unit. ‘As explained before,
the test magnet when:energized releases-the.J-
cam shaft o6f the:unit for movement from the No.
.2 to the No. 3 rest position. "In other words, clo-
sure of ‘the plunger magret. switch initiates con-
‘nection.of ‘the primary relay unit to’the interme-
diate relay unit. assigned for the reception of the
‘message.
‘The primary distributing me¢hanism for the
first group of: intermediate:relay units deseribed
above is duplicated for each of the other.groups
of units and. corresponding:parts.are identified in
the .drawings by, the same. réference. characters.
The-operation of ea¢ch mechanism is. confined, of
course; to handling ¢dlls directed to its own.group
of intermediate.units. ./Thus,in the case-of ordi-
-nary.messages, theselecting relay R2,of the eall-
ing primary .relay.-unit.is-energized. under con-
-trol .of:the.class of message: signal to close a eir-
_.cuit-by. way of.a.conductor 56 { :for;the correspond-
-ing ;plunger magnet of::the.-time. assigner - PT2

shown in Fig. 24. "The associated solicitor PS:

voted bell: crank-548 ..

“The.collar. is:raised and-lowered in =

150

- and level .switching- mechanism shown in- Fig. 25
_.operate to:select-one .of the available intermedi-
-ate relay-units-of the. second group-and the solici-
-tor: applies ground to:a.pilot. wire 562, a branch
-563 of which extends to.selector switch R24.
-advance.of . the. p}unger associated with the en-

Upon

-ergized. plunger- magnet ‘the switch 587 is closed

-to.complete an-energizing: mrcult for the test mag-

net -253’ .of -the -primary . relay unit exactly as

«oceurred-in the operation.of: the. ﬁrs» class mes-

‘Solicitor - PSz

selector magnets SMs+—SMs by applying ground

‘to the pilot line: 564 :individual to.-the selected in-

termediate relay 1nit.
-The same;seguence of .operations occurs in the
case;of-third.class-or--delayed .messages. In this

-instance:the. selector relay-R3 of the calling pri-
-mary - unit- energizes andv prepares--a circuit for

20
- PTs.

.one ‘of-the plunger-magnets of-the time assigner
The solicitor PS3 and level switching mech-~
anism shown in Fig.-28-assign-an-available one of
the intermediate relay units from:the third group.

'The: solicitor-applies. groun_d -to’ a -pilot line 565
‘connected by-a-branch line.566. with the selector

- switch R3{ of the callingprimary unit. Solicitor

65

70

75

-.characters. STu;. S"I‘z and STs. -
for the transfer of -miessages of different classes

-awaiting ftransfér. .

P83, like-the solicitors: previously described, en-~
. ergizes one .of the selector magnets SMr—SMs of
-the calling primary relay.unit-by-applying ground

potential to one of the pilot wires 56T as before

-explained.

Secondary-distributing mechanisin
Time-assigners—The flow-of . trafic from the

intermediate. relay -units fo the- terminal relay
units is-controlled by the secondary distributing

‘mechanism .which - is .preferdbly - mechanically
_similar .to: the primary distributing mechanism
_above -described. .As-the messages stored in the
.intermediate units are: -relayed -either to. terminal
units individual to subscribers’ lines, or to rela-

tively: small. groups .of intéroffice trunk lines, no

. level .switching - mechanism is required. Solici-
tors-are.required only where:a. plurality of ter-
:minal units-are-designated by’ ‘the same address
.signal-as where a. plura.hty of lines or trunks lead

to the-sanie-destination. . One:such trunk group

is -shown-in. Eig. =286, .comprising the two. trunk

lines Ta leading to the. exchange B. "The two ter-

.minal relay units TRz, TRe associated with these
“trunk lines; are. ass1gned Selectively for the recep-
-tion of: messages by the’seconidaiy. solicitor SS.

‘The-time; assigners in.this case-are individual

.‘to-the-three. .groups. of mtermedmte ‘felay units,

.and:are designated respectwely by the reference
In orderto.provide

in-the desired order.of preferérice, the time as-

. signers -are -interlocked ‘so that” fArst - class mes-

60 -
.messages. . Ordinary messages are ‘forwarded only

sages .are. given the right 61, way over ‘all other

when.no first.class fessages dre awaiting trans-
fer. .Third class. or.deldyed. messages are held
antil there. are . ro.messages of other classes
"The interlocking of the time
assigners. is effected in this.instance through the
medium. of. ‘interlocking. circuits which "are also

_arranged. to.-prevént idterference with any time
-assigner. once its. opelatlon has been initiated.

The time assighers 5T, 8T2 and STs are shown
dlaglammatlcally incFigs. '93; 96 'and 29. Struc-
turally. these ‘time dssighers “are identical ‘with

_the ‘titne. assigner "PTy ple-vmuslv described in

detail, each having,.a_ pmngel zrd gssociated
plunger. magnet. PM; o1 each ‘intermmedinte relay
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unit of the sroup served by the time assigner.
In this instance, however, each of the time as-
signers is equipped with star wheel switch operat-
ing mechanism exactly like that of the solicitor
PSi1. These mechanisms control switches in the
interlocking circuits for the time assigners as will
appear presently. As in the previously described
time assigners and solicitors, the plunger magnets
actuate one restraining means for holding the
plungers retracted while the other restraining
means is actuated cyclically by the time assigner
cam shaft which in this instance may be con-
tinuously driven.

As shown in Figs. 23, 26 and 28, the plungsr
magnets PMi, of the time assigners, are con-
nected respectively to bus conducters §71, 572 and
573, to each of which ground is applied by way
of an interlocking circuit confrolled by the other
two time assigners. Thus, in the case of the first
time assigner STi the interlocking circuit may
be traced from the bus conductor §7{, winding
of a relay R5 (Fig. 23), conductor 574, star wheel
switch 575 (Fig. 26) of the second time assigner,
conductor 576, the star wheel switch 877 (Fig. 29)
of the third time assigner to ground. With this
arrangement, operation of the first time assigner
is prevented if either of the other two time as-
signers is in operation, that is, if a plunger has
advanced to open the star wheel switch of the
time assigner.

Referring new to Fig. 26, the interlocking cir-
cuit for the second time assigner exiends from
the bus conductor 572, winding of a rslay RS, con-
ductor 578, star wheel switch 879 (Fig. 23) of the
first time assigner, normally closed switch RE!
of relay R5 and thence through the previousiy
traced interlocking circuit to ground by way of
conductor 574. 'Thus, the second time assigner
cannot operate when either the first or third
time assigner is in operation. Moreover, the sec-
ond time assigner cannot operate as long as the
first time assigner has a relay unit waiting to
transfer a message, because in that case the relay
R5 will be energized in series with the plunger
magnet PM: of the waiting relay unit. In this
way relay units of the second group are forced
to wait until all of the first class intermediate
units having messages ready for transmission are
connected through to terminal units.

In the case of the third time assigner, the
interlocking circuit may be traced from the bus
conductor 573 (Fig. 29), conductor 580, star wheel
switch 581 (Fig. 26) of the second time assigner,
conductor 582, normally closed switch R6{ of the
relay R6, conductor 578 and the previously traced
circuit for the second time assigner to ground.
Accordingly, time assigner STs is prevented from
operating when either of the other two time
assigners is in operation. This is for the reason
that one or the other of the star wheel switches
579 or 581 will be open under these conditions.
Moreover, the third time assigner is prevented
from operating when either of the other two time
assigners has a relay unit waiting with a mes-
sage to be transmitted since in that case one or
both of the relays R5 and R6 will be energized
and their associated switches R5f and R6{ will
be open. It will be apparent, therefore, that
through the operation of the time assigner inter-

locking circuits intermediate relay unifs are 7

selected for transmission in the order of prefer-
ence of the messages stored therein without, how-
ever, allowing any time assigner to interfere with
another already in operation. ) )
Before describing the switching operations in-
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volved in the establishment of a connection be-
tween a selected inftermediafe unit and a ter-
minal unit, it will be advantageous to consider
the construction and mode of operation of the
secondary solicitor SS.

Secondary solicitor.—The secondary solicitor
SS shown diagrammatically in Fig, 26, is struc-
turally similar to the primarly solicitor PS: previ-
ously described. In the particular environment
illustrated, this solicitor is arranged to select be-
tween the two terminal relay units TRs3, and
TR« for the trunk lines Ta extending to the ex-
change B. The solicitor has a plunger magnet
PM; for each terminal relay unit, the magnets
controlling restraining means for the plungers
which also have cyclically operable restraining
means as before described.

When the terminal unit TR+ is available for
the reception of a message, its associated plunger
magnet is energized over a circuit from ground,
availability switch 594, conductor 592, winding
of the plunger magnet, plunger switch 393, bus
conductor 594, and conductor 595 to negative
battery. When the terminal unit TRs is available,
its plunger magnet is energized over a circuit
from ground, availability switch 596, conductor
5971, winding of the plunger magnet, plunger
switch 598, bus conductor 594, and conductor
595 to negative battery. One of the plungers
released by the energization of the plunger mag-
nets will advance through a full stroke in the
manner previously described, and in so doing
will open its switch 593 or 598 and close ifs
associated pilot switch 602 and 608s, at the same
time closing a star wheel switch §99.

Assuming by way of illustration that the ter-
minal unit TR+ has been selected to receive the
next message by advance of the corresponding
plunger of the solicitor, a circuit is completed
from negative battery, winding of a magnet 600
hereinafter called the solicitor control magnet,
bus conductor 681, pilot switch 602, conductor
603 of the secondary trunk line STL which con-
ductor is connected to the bus circuit conductor
340» through the supervisory switchboard SB
(Fig. 31).

Assume by way of illustration that the inter-
mediate relay unit IR: of the first relay group
has a message awaiting transfer to the selected
terminal unit. A starting circuit for the time
assigner ST: is established from battery, star
wheel switch 539 (Fig. 26) of the solicitor SS, con-
ductor 605 which as a matter of convenience is
incorporated in the secondary trunk line STLs
for the terminal unit TRz and which is connected
to the bus conductor 336a, switch 3352 closed by
its partially advanced selector bar as previously
explained, switch 337, conductor 338 to the plung-
er magnet PMt to ground through the interlock-
ing circuit of the time assigner STi1. The plunger
magnet releases its plunger in the usual way and
the plunger, on advancing, initiates the movement
of the J-cam shaft of the relay unit IR: from
the No. 2 to the No, 3 rest position.

The line switches 339a, 3352, and 339 are closed
as previously explained due to the partial advance
of the selector bars. Negative battery potential
on the bus conductor 340» will therefore be ex-
tended by way of the latter switch, winding of
selector magnet SMio to energize the same. The
magnet acts through its code bar 317 to release
the selector bar for seizing the trunk line STLs
and thus establish a transmitting path from the
intermediate relay unit IR: to the terminal relay
unit TR4.
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“Referring. again-to Fig.:36;-closure :of:$he: star
‘wheel :switch 599 also-:completes. a+circuit for
- magnet 60T-hereinafter calléd:the solicitor: stop

magnet - which -on -energizing 'disengages “the

-solicitor -cam shaft cluteh’ in:‘the same manner .

as the stop magnet 50T of the primary: solicitor.
“The solicitor is thus maintainéd-iniidle.condition
until the:selected: terminal ‘unitiis-seized’ by an
.intermediate ‘relay unit “‘whereupon:ithe: ‘control

magnet 660 is energized in series with:the'selector:

‘magnet-of the intermediate relay-unit. .as-above
-described. ‘Magnet ‘600 on- energizing  opens:-a
switch 608 to interrupt:the: circuit-6f*the:stop
“magnet 607 which deenergizes-sndthus restarts

the- solicitor cam shaft' for’ the next--operating :;;

cycle. :
The- same’ sequence of:- operations .are involved
when the terminal unit 'TR3.is-selectéd to-receive
the next message. ~The' time assigner’ is started
by closure-of the-star-wheel- ‘switch*599: or the
switch 231,-depending ‘on*whith: ‘closes“first. "In
this case, however, the-plunger-magnet ‘extends
- the circuit’ for the magnet 600 by»way of a -pilot
switch- 608s" to  secondary truhk-conductor 609

which - is connected to-thebusconductor340a. .

‘When the J-cam shait-is'now released from the
-No.' 2 rest position by the time:assigner;-a circuit
is extended by way of-closed line switch 339. to
one terminal of the selector'magnet‘SMiurwhich

-on energizing releases’' the:selector bar for-seiz- :

“ing the secondary trunk line 'STLs leading to the
terminal unit TRs. -After:a transmission ‘path
is established .in the-above manner, it is:tested
and the message stored in the intermediate relay

“unit is transferred to.the terminal unit by simul- ?

‘taneous transmission and is received and recorded
at  the terminal unit by mechahism!to-be’de-
scribed presently.

“In the case of messages. destined for individual

“trunk lines or subscribers’ lines,”the secondary
solicitor SS is inactive "but the “time  assigners
function in the usual way: to assign‘testing time
to’ their respective. relay units. in.the, predeter-
mined order of preference. Thuswhen therelay
unit IR: (Fig. 22)" has a message for a.stbscriber
of the exchange C, the stlector bar. for the line
“switeh ILSs is operated in'its' first step to close the

“switches 335 and“339. “A’circuit is'thus prepared

“for the plunger magnet at the time assigner ST

“individual to that relay.unit.by-way of the switch
335, conductor 611 of the bus circuit IBs; conduc-
tor .612.6f. the secondary trunk line”STLs, avail-
ability switch 613 of the terminal-relay.unit TRs
to battery.

“The availability .switch' 6f the-relay unit is

‘closed mechanically. at the erd of.each message

_in the same manner as the switch’'311{; previously

. described, and it is held ‘closeéd by an‘availability

. magnef; 614. 'The magnet is energized irithe local
circuit including the availability “switeh and a

. normally closed switch 615 of .a relay 616. When

“the terminal unit is. seized. for"the transfer of a

.message, the relay is energized-in series'with the
selector magnet SMur of the calling’ intermediate
relay unit over a circuit incliding -conductor 617
of the trunk line, bus-circuit’ corductor-618;-and
switch 389 of the operated line switch,

‘Relay ~616 upon -energizing opens:the -circuit
of* the- availability” magnet - -which becomes~de-

energized and opens the-availability switch' 613

+thusmarking the terminal-unit: unavailable for
- other cdlls. “The time:assigner previously-closed
-itg pilot switch for-grounding'the pilot:wire 338a
“$0 energize the testmeagnet253%:6f-thesinterme-

54

shaft: for movement from: the'No. 2 to the:No. 3

[

+rest position. ~In this movement the-selector.bar
~is -released : for its ~second .operative.step:thus
~completing the transmission path to the terminal
~unit “TRs.

“Terminal units TR1 and TRz (Fig. 29)-associ-

~ated- respectively with the subscribers’. receiving

ilines'RILp and RLg are seized in the same manner

~as-theé unit above described. ~ Each of these-units

N

“has an availability switch 619 held in closed:posi-

Hon:by-an: availability magnet 620. 'The:switch

-switeh 838 of line switeh ILS:.

+for unit-TR1 is connected to a conductor:62[:o0f
“the-secondary trunk line 'STLi: while' the:switch

for unit TRz is connected to conductor-622:0f

~trunkline STLe. ~ These trunk conductors:are €x-
“tended by way of their respective bus circuit:con-

“ductors and the switches 335 of line switche§ I1:S1
~-and ILSe, respectively to the plunger magnet:of
~'the time assigner when 2 message is presented:for

- the

corresponding subscriber’s - ‘station. “The
availability magnets are controlléd by -switehes

-$23 each operated by a relay 624 energized-in-se-
‘ries-with the selector magnet SMI{ 6f the:calling

intermediate relay unit. The circuit for:the:re-
lay- of the unit TR1 includes -a conductor:-625:6f
trunk line STLa, a vus circuit conductor and
The relay forthe
unit TR is energized over a circuit including con-

“ductor-626 of trunk line STLg and switch 337 0of

“line switch ILSs.

“Following the - seizure of -any-relay -unit, the

usual: test signals and the message ‘sighals:-are

‘transmitted to the recorder-of the terminal. unit
~which will now be described.

Terminal relay units

General—The terminal relay units, like“the
units previously described, are each .composed of

-a recorder, a signal storage. mechanism.and:a

40"

transmitter. ' In the particular system illustrated,
the recorder is exactly like the recorders for.the

~intermediate relay units except for the ‘slight

~change in the availability circuit above:described
-and- the omission of the level switching:mech-

-gnism.

As shown in Figs. 23, 26 and 29, each recorder
is provided: with five line magnets {56’ connectéd

‘respectively to the five impulse conductors of the

50~
‘the test signal feelers when the test signals have

60

associated .secondary trunk line. There-are:gdlso
the usual O. K. switches' 398 and: 307 closed:by

been properly received and - recorded. “These
switches energize the trouble magnet 352 6f the

calling intermediate relay unit agbéfore explained

0 permit transmission of: the message signals,
“The full storage stop switch 540’, like the corre-

spondingly numbered: switch ¢of the intermediate

“relay units,-is closed when the: supply:of-blank

links is exhausted and it acts to stop the chainad- |
vance at the calling relay unit and’ thereby:in-
terrupt signal transmission.

“Incoming signals are recorded- on the storage
medium or pin chain of the storage mechanism

~which is exactly like that of the previously:de-
:geribed relay units .and therefore: reguiresimno

further explanation. The recorded signals-actu-

:ate the transmitter which may be arranged.tore-

transmit them according to any desired.system:-of

rtransmission. By way .of .illustration,:one.ter-

‘minal relay unit, namely theunit’TRs (Fig.:23)

-associated with the trunk line outgoing:to:ex-
“change C, has been shown with a transmitter:ar-
~ranged for simuitaneous transmission:while ‘the
sremainder;of the terminal units are equipped with
idiate relay unitcandithereby-releaselthe/d=eam™ v5ytransmittersarranged for:start:stoptransmission,
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Simultaneous iransmitter—Referring to Fig.
23, the transmitter for the terminal relay unit
TRs is substantially identical with the transmit-
ters of the infermediate relay units except for
the omission of certain features which are not
essential to the performance of the functions of
this unit. Thus, since the terminal unit is indi-
vidual to a trunk line, no selective operation is
required. The line selector mechanism is there-
fore omitted and the impulse conductors of the
trunk line are extended directly to transmitting
switches TS of the relay unit transmitter. The
commutating switch CS and cam switch 344 are
connected in series with the transmitting switches
as previously ezplained. The trunk line also has
a control conductor connected to the full storage
stop magnet B33 so that transmission may be
interrupted in case of full storage condition at
the receiving relay unit at the distant exchange.

Start-stop transmitiers—The start-stop trans-
mitter is, in many respects, similar to the trans-
mitter above described. Thus, it has the usual
set of five transfingers corresponding to the
transfingers STF shown in Figs. 10 and 112 which

control transmitting switches TTS shown in Figs. .

26 and 29. These transfingers have their pin
engaging shoes pesitioned in operative relation
to the transmitter loop 7’ of the storage chain
at the transmitting control point, the arrange-

ment being such that nonpushed pins engage .

their corresponding shoes and open the associated
switches TTS. The pushed pins clear the trans-
finger shees, hence the associated switches are
closed. In this way the switches are set in

combinations corresponding to the signal re- .

corded on the link at the transmitting control
point.

The storage chain is fed by the usual sprocket
wheel 58’ (Fig. 32) driven by a positive clutch

indicated generally at 288’. The clutch is prefer-

ably of the quick acting spur gear differential
type shown in the prior application which is
especially suited for the intermittent operation
required in start-stop transmission. As explained
in detail in the said application, the clutch is
engaged and disengaged by actuation of its de-
tent 271’ under control of a detent setter 272’.
The detent setter is continuously driven by an
eccentric on a shaft 274’ geared to the main

transmitter drive shaft. In the present instance :

the shaft 274’ is driven at a rate of 3600 R. P. M.
so that the clutch detent may he entered or
withdrawn in any link cycle of the relay unit.
When the detent is entered, the sprocket wheel
58’ is rotated at a rate such as to advance the
chain one link step for each signal cycle of the
receiving telegraph printer,

Power actuated means is provided for moving
the detent setter 272’ to its lower or detent enter-
ing position, the detent sefter heing normally
urged into its upper or detent withdrawing posi-
tion by the cam means shown and described
in the prior application. The power actuated
means as herein shown comprises a floating lever
FL9 loosely mounted on a rod 282’ carried by a
pair of arms 283’ fast on a shaft 284’. This shaft
is oscillated by a double acting cam device 285’
on the shaft 274',

One eng of the floating lever FLY is connected
by a link 286’ with a crank arm 287’ fast on
a rock shaft 277’ which has a second crank arm
278’ connected by a link 279" with the outer end
of the detent setter. Thus when the free end
of the floating lever is blocked against move-
. ment on its active stroke it becomes fulcrumed
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actuated to rock the shaft 277’ in a clockwise
direction (as viewed in Fig. 32) and thereby shiit
the detent setter to its lower position. When
the free end of the floating lever is not blocked
it fulerums about the connection with the link
286’ and the detent setter remains in its upper
or clutch disengaging position to which it has
been returned by the cam mechanism previously
mentioned.

For the purpose of blocking the floating lever
P13 in its control of the detent setter, a latch
19 is provided (Fig. 32). The latch in this in-
stance constitutes the armature of a latch con-
trol magnet LCM the latch being pivoted adja-
cent, one end on the heel piece of the magnet and
having its free end positioned for movement
into or out of the path of the free end of the
floating lever. -A spring 631 normally holds the
latch in withdrawn position and the control mag-
net, when energized, mcves it into blocking rela-
tion to the floating lever.

Two separate control circuits are provided for
energizing the latch control magnet in different
stages of the message cycle. One of these cir-
cuits acts to initiate the advance of the storage
chain to the transmitting control point while
the other circuit controls step-by-step advance
of the chain during the transmission of the mes-
sage. The first of these circuits is arranged to
become effective. automatically whenever there
is message matter in storage at the terminal unit
and the transmitter is idle. The circuit remains
effective until the first message link is presented
at the transmitting control peint whereupon
the second control circuit takes charge cof the
feed mechanism. As shown in Fig. 29, the first
control circuit for the latch magnet includes a
pair of switches 632 and 633 connected in series
with the magnet and the opposite poles of the
current source or battery.

Referring now to Fig. 32 the switch 632 is ar-
ranged to be actuated by a cam 634 on the J-cam
shaft 232’ of the transmitter. This shaft is
identical with the J-cam shafts of the other units
previously described and like them is held in ifs
No. 1 position when the transmitter is idle. The
shaft is released for movement to the succeeding
rest position in response to the presentation of
the first message link to the presence of message
feeler CF2 (Fig. 10). Since the terminal relay
units are associated individually with trunk lines
and subscribers lines, no busy test of the line is
required, hence the means for stopping the cam
shaft in the No. 2 rest position is omitted. More-
over, the terminal relay units are ordinarily not
aranged to transmit test signals so no means is
provided for stopping the cam shaft in the No. 2
or trouble position. Accordingly, the cam shaft
when released moves immediately to the No. 4
rest position or message transmitting position.

As shown in Fig. 32, the cam 6§34 is adapted
to actuate the switch 632 through the medium of
a follower 635 and spring biased push rod 636.
The cam is formed to effect closure of the switch
when the cam shaft is in its No. 1 or idle posi-
tion and to open the switch as the cam shaft
approaches the end of the first step or what
corresponds to the No. 4 rest position of an inter-
mediate relay unit cam shaft.

The switch 633, as herein shown, is adapted to
be actuated by the storage indicator mechanism
of the transmitter. This mechanism is exactly
like that of the basic relay unit shown and de-

-seribed in- the prior application. - Briefly stated.
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it comprises:a threaded-shaft 307’ adapted. to be
-rotated in..one direction . (counterclockwise as
viewed in-Fig. 32) by a -connection with the re-
.corder and in the other direction. by a connec-
tion: with the transmitter. Loosely mounted on
the shaft is.an arm 341" adapted .to be shifted
longitudinally of the shaft and into the path of
a pin 313’ carried on a crank arm 314’ fast on
the shaft and rotatable therewith. Shifting of
the arm is effected by a traveler (not shown)
threaded on the shaft so as to move toward. or
from the arm :3i71" according to the direction
of rotation of the shaft. The arrangement is
such that the arm. is shifted into position. to be
engaged by the pin and rocked. to the position
shown in Fig. 32 as the last message link is
withdrawn from the storage section of the stor-
age mechanism. When: message links are fed
into the storage-mechanism from the recorder,
the crank arm. 314’ is immediately rocked so as
to move the pin . away. from the arm 317’ and
the latter is drawn to its alternate position
against a stop 637 by the spring 638.

The free end of the arm 3171’ is formed to
provide a cam adapted fo actuate the switch 633
through the medium of a follower 639 and push
rod 640.. The arrangement is such that the
switeh is closed when there is any message mat-
ter in storage and open when. the last message
link is: withdrawn from storage. Thus it will be
seen. that both switch 632 and switch 633 are
closed .if the transmitter is idle-and there is a
message awalting transmission.

‘Claosure of the switches 632 and 633 completes
an energizing circuit for the latch magnet LCM
which enters the latch L8 to block the floating
lever FL8. The latter acts to position the de-
tent setter for engaging the clutch 260’ and
thus initiates the -advance of-the -chain. "When
the first message link approaches the control
point it releases the J-cam shaft 232" for move-
ment from the No. 1 rest position as above ex-
plained and the cam 634 opens switch 632 to de-
energize the -latch -magnet ‘and interrupt the
chain advance. This-action is timed: so that the
chain is stopped with the first message link at
the transmitting control point.

The message link at the transmitting control
point sets the switches TTS in a combination
corresponding to the setting of the ping of the
link, This signal combination is relayed over
the called line as a series of current and. no-
current. impulses by a distributor which may be
of any suitable and well known type. The dis-
tributor shown by way of illustration ig substan-
tially like the distributer of the so-called tele-
typewriter and comprises a. start-stop shaft 641
(Fig. 33) driven by-a single revolution clutch DC.

The distributor shaft is provided with a series
of cams 642, five in-the present instance, which
actuate associated -distributing switches DSy,
DSz, DS3, DSs, :and DSs in sucecession. A sixth
cam 644 on the shaft is arranged to close a con-
-trol switch ‘645 at the -end of the signal cycle.
This latter switch is interposed in the -other
control  circuit for the latch magnet LCM so
that the latter may be energized to initiate chain
advance in proper ‘timed relation -with respect
to the-distributor cam shaft eycle.

The clutch DC, which drives the :distributor
cam shaft, is herein shown as a bar type clutch
similar to the:clutch 11 previously -described.
“The cluteh is normally disengaged by a detent
646 positioned to -block the clutch finger 64T.
A magnet CDM conveniently called 'the clutch
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detent magnet. is provided for withdrawing the
detent to engage the clutch and thus release the
cam shaft for a single. revolution.

In the exemplary system, the clutch magnet
CDM is connected in series relation with the
line magnet & of the receiving printer at the
subscriber’s station through the lockout switch
6a. Thus when the switch 62 is closed the mag-
net and the line relay may be energized to start
the distributor cam shaft and the receiver cam
shaft simultaneously.

The energizing circuit for the clutch magnet
and line relay is completed in the present in-
stance by two serially connected switches 65¢
and 652 (Figs. 29 and 32). The first of these
switches is closed by a cam 653 on the J-cam
shaft acting through a follower 6%4 and push
rod 655. The cam is so shaped that the switch
is closed only when the cam is in the No. 4
rest position so that the distributor and receiv-
ing printer can be started only when the trans-
mitter is ready to send.

Switch 652 is arranged to be closed cyclically
to complete the distributor starting circuit im-
mediately after the presentation of a message
link at the transmitting control point. In order
to synchronize the distributor with the other
mechanism of the transmitter, the switch is
preferably actuated by a cam 656 fast on a shaft
657. . As herein shown the cam has a single lobe
658 acting through a follower 659 and push rod
660 to close the switch momentarily. The shaft

657 is positively driven in timed relation to the

main drive shaft of the fransmitter through a -
speed-reducing gear train 661. In the exemplary
form illustrated, the gear ratios are such that
the cam shaft makes one complete revolution in
an interval corresponding to a signal cycle of
the distributor and receiving printer.

It will be seen from the foregoing that the
chain feed mechanism and the distributor are
effectively interlocked to operate in synchronism
in the transmission of successive signal combi-
nations. Thus, in response to the presentation
of the first signal carrying link at the transmit-
ting control point, the distributor is started in its
cycle to send out a series of current and no-
current impulses as determined by the setting
of the transmitting switches TTS under control of
the set pins of the link. Chain feed is interrupted
during the distributor cycle by the opening of the
distributor cam switch 645. At the end of the dis-
tributor cycle the switch 645 is again closed to
energize the latch magnet LCM and thus initiate
advance of the chain to present the next link
at the transmitting control point. Then the dis~
tributor is restarted as above explained and the
cycle is repeated for each successive link until the
entire message has been transmitted. When the
end. of message is presented to the feeler CF2,
the J-cam shaft is released for movement to its
No. 1 or idle position and switch §54 is thereby
opened to prevent further operation of the trans-
mitter and distributor until another message is
ready for transmission.

Supervisory equipment.

Signal apparatus—Reference has been made
heretofore to the supervisory switchboard SB
and certain signal instrumentalities incorporated
in it have been briefly described. These include
the signal lamps 2608 (Fig. 30) one of which is
provided for each primary relay unit in the ex-
change. The lamps are lighted when a full stor-
age conditien oecurs in the corresponding relay
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unit. In the case of the primary units PR2 to PRs,
the full storage stop switch 258 applies battery po-
tential to the signal conductor 269 which is con-
nected to one terminal of the associated lamp
268, the other lamp terminal being connected to
ground. The primary relay unit PR: is arranged
for the reception of simultaneous signals and it
is therefore most convenient to connect up the
full storage stop switch 540’ for applying ground
to the signal conductor 258.. The other fter-
minal of the lamp 260. is accordingly connected to
negative battery.

Signal lamps 250 are also individual to the re-
spective primary relay units and are lighted when
the associated units are stopped in the trouble
position. For this purpose each lamp is connected
by & conductor 249 with the trouble switch 248 of
the corresponding relay unit.

Similar full storage signal lamps 308 and

trouble signal lamps 348 are provided for each .,

intermediate relay unit of the exchange.

In addition to. the signal instrumentalities
above described, means is provided at the su~
pervisory switchboard for displaying a signal

showing the terminal unit to which each mes- -

sage is directed as it is presented at the transmit-
ting control point of an intermediate relay unit
and for indicating the length of time the mes-
sage is held before transmission. For this pur-

pose there is installed at the switchboard a plu-

rality of groups of lamps 667 (Fig. 30) one for
each intermediate relay unit in. the exchange.
Hach lamp group includes a separate lamp for
every secondary trunk line accessible to the as-

sociated relay unit. Thus, in the exemplary sys- 5

tem, five lamps 667 are shown corresponding to
the secondary trunk lines STL1 to STLs. One ter-
minal of each lamp is connected by a conductor
668 to a switch 669 of one of the line switches
ILS (Figs. 22, 25 and 28) of the corresponding
relay unit.

Referring more particularly to Fig. 22, the
switches 669 are arranged to be closed selectively
in the first step of the selector bar upon its re-

lease for trunk selection. The switch when closed .::

extends the circuit of the signal lamp to a switch
§79 closed by the cam 3371: (Fig. 162) on the J-
cam shaft while the shaft is in the No. 2 rest
position. In other words, the lamp circuit is

closed while the relay unit is waiting for the se-

lected trunk line to become available. The cir-
cuit completed at the switch 610 extends by way
of conductor 672 to one side of an alternating
current generator ACG (Fig. 30).

The signal lamps 667 of each group are con- :

nected in parallel o one terminal of an electrical
timing device 673 (Fig. 30), the other terminal
of which is connected to the other side of the gen-
erator ACG. The timing device may be of any
suitable and well known type such as a synchro-
nous clock mechanism and is preferably ar-
ranged for automatic reset upon interruption
of its operating circuit.

With the above arrangement, operation of a
line switch ILS to select a trunk line, lights the
corresponding lamp 8§67 and starts the associated
timing device. The lamp remains lighted and the
timing device continues in operation until the re-
Iay unit seizes the selected trunk. Seizure is ef-

fected as before explained by a movement of the 7

J-cam shaft out of its No. 2 rest position. When
this occurs the lamp and timer circuit is inter-
rupted by opening the switch 670, thus exfin-
guishing the lamp and stopping and resetting the
timer. By noting the timers, the attendant can
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determine when a message has been delayed for
an extended period and the particular unit in
which the message is stored, as well as the des-
tination for which it is intended, can be quickly
identified from the lighted signal lamp. In order
to prevent delay of messages subsequently stored
in the intermediate relay unit, the stalled mes-
sage may be transferred to an auxiliary relay
unit.

Messages may be transmitted through the me-
dium of a keyboard operated transmitter ET (Fig.
30) which may be exactly like the transmitters
supplied at the subscriber’s stations. In the ex-
emplary system this transmitter is connected by
a calling line CL. with a primary relay unit PRe
identical in all respects with the primary units PR
1o PRs previously described.

Fulse cddress supervision.—It will be recalled
that the.selector mechanism of the intermediate
relay units when arranged for five unit code oper-
ation, is capable of selecting between thirty-one
differently designated busses adapted for connec-
tion with the secondary trunk lines. In some
instances, the full complement of busses may not
be required, as for example where there are less
than thirty-one trunk lines or destination groups
in use. 'The exemplary system, for exampyle,
shows only five equipped lines.

If through accident or mistake a calling sub-
scriber inserts an address signal designating one
of the unequipped busses, the message, of course,
cannot be forwarded to the proper destination
point. In order to prevent complete loss of such
messages and to avoid tying up later stored mes-
sages, there is provided a faulty address relay
unit FAR in connection with the supervisory
switchboard. This relay unit may be identical
with the terminal relay units previously described
and its incoming trunk line 695 is multiply con-
nected with all unequipped bus circuits of the
intermediate relay units. Thus, when any one
of these unused busses is selected, the message
is gutomatically transferred to the relay unit
FAR in the same manner as messages are trans-
ferred to a terminal unit.

In the particular relay unit shown by way of
illustration, the transmitter is arranged for start-
stop transmission to a standard telegraph printer
TP whose line magnet 696 is shown in Fig. 30.
Alternatively, the relay unit may be arranged to
transmit to a perforator. Printed reproduction
of the message is preferred as it enables the at-
tendant to check the message and notify the
sender of the error in the address.

It will be apparent from the foregoing that
the invention provides a telegraph system of
novel and advantageous character operable to
automatically relay messages in successive stages
from calling stations to called stations without
intervention of an operator or attendant. The
system embodies novel apparatus in the form of
self-contained units for receiving and storing
messages at successive relay or switching points
and for retransmitting the messages from one
relay point to the next. The equipment units,
while readily adaptable to a wide variety of oper-
ating conditions are, to a great extent, standard-
ized so that manufacturing costs are reduced to
a minimum and maintenance of the equipment
is facilitated.

By reason of its advantageous construction and
method of operation, the exchange equipment is
well adapted for use with standard, slow speed
transmitting and receiving apparatus and yet is

5 capable of relaying messages through the ex-
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change system at high speed so that delays are
reduced to a minimum. Messages are forwarded
in preferential order according te the e¢lass of
service to which they are entitled. Moreover,
novel means is provided for automatically testing
the equipment prior to the transmission of each
message so that delays or lost messages, due to
equipment faults, are effectually avoided.

The invention also provides a novel method of
and apparatus for distributing the traffic to the
various equipment units so that each -unit is
enabled to handle its proportionate share of mes-
sages. Uniformity of distribution tends to speéd
up the passage of the messages through the ex-
change and it equalizes wear of the equipment.
Traffic through the exchange may be supervised
continuously and efficiently by a single attendant
utilizing the improved supervisory equipment pro-
vided by the invention.

I claim as my invention:

1. The method of automatically transferring
a telegraph message from a calling subscribel’s
station to & called subscriber’s station through a
central exchange which comprises, establishing a
transmission path from the calling station to the
exchange, transmitting over said path a series of
signals representing the body of the message and
indicating its destination, storing the signals at
the exchange, releasing the transmission path;
thereafter estabhshing a retransmission path to

signals indicating the destination of the meéssage,
discarding said signal or signals incident to said
control, and automatically transferring the re-
mainder of the signals over the retransmission
path.

2. The method of automatmally transterring
telegraph messages from a calling subscriber’s
station to called subscriber’s stations through a
central exchange which comprises, establishing a.
transmission path from the calling station to the
exchange, transmitting over said path a series
of signals representing the body of the message
and indicating its ‘class and destination, tempo-

rarily storing the signals as received at the ex-

change, automatically transferrinig the tempo-
rarily stored signals to one of a plurality of inter-
mediate storage points selected under control of
the signal indicating the class of the message,
automatically transmitting the sighals represent-
ing the body of the message to the called station
under control of a signal or signals.indicating the
destination of the message, and automatically,
incident to said last-named transfer, transmit-
ting signals of one class preferentially from said
intermediate storage points.

3. In a telegraphic communication ~system
having a sending station and a plurality of re-
ceiving stations, the combination of a transmitter
at the sending station operable to fransmit a
message including a direcling signal designdting
one of the receiving stations and a seties of sig-
nals representing the body of the message, mes-
sage receiving means at each of the receiving
stations, a central exchange having a primary
storage unit and a plurality of terminal storage
units, said primary storage unit having meéns
for receiving, storing, and retransmitting the
messages transmitted from the sending station,
an intermediate storage unit in the exchange
adapted to receive and store messages retrans-
mitted from the primary storage unit, nmeans at
the intermediate unit controlled by the directing
signal for automatically initisting retransmission
of the message from that unit to a selected one
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62 ,
of the ‘terminsl storage units, and means. at the
selected terminal unit for effecting automatic
transmiission of the message to the receiving sta~
tion -designated by the directing signal.

4, Ina-telegraphic communication system hav-
ing & sending station and a plurality of receiving
stations, the combination of a transmitter at the
gending ‘station operable to transmit a messdge
meluding a directing signal designating one of
the receiving stations, g series of signals repre-
setiting the body of the message and an end-of-
message signal, message receiving means at-each
of ‘the receiving stations, a central - exchange
having a primary storage unit and a plurality of
terminal storage units, said primary storage unit
having means for recsiving, storing, and retrans-
mritting the message transmitted from the send-
ing station, an intermediate storage unit in said
exchange, means at the primary storage unib
conitrolled by the end-of-message signal for ini<
tiating the operation of said retransmitting
means to relay the message to the intermediate
storage unit, means at the intermediate storage
it controlled by the directing signal for auto-
matically initiating retransmission of the mes-
sage from that unit to one of said terminal units
selectively, and means at the selected terminal
unit for effecting automatic transmission of the
message to the receiving station designated by
the directing signal.

5, T a telegraph system, the method of re-
laying telegraph messages through a central €x-
change serving a plurality of subscriber’s sta-
tiofis which comprises, receiving and tempor arily
storing a message from any station in a relay unit
individually associated with that station, and
transferring the complete message from the tem-
porary storage relay unit to a second storage re-
lay unit common to and equally available to mes-
sages from all of the stations.

8. In g telegraph system the method of relay-
ing telegraph messages of different classes from
calling stations to called stations through a series
of transfer points which comprises, tranismitting
from the calling staticn to the first transfer point
a succession of signals representing the class, the
destination and the body of the message, storing
the signals at the first transfer point, transfer-
ring the signals from the first transfer point to a
second transfer point selected under control of
the signal designating the class of the message,
storing the message at the second transfer point,
and finally relaying the message from the second
transfer point to the called station in the order
of precedence indicated by the class signal and
under selective control of the signal indicating
the destination of the message.

7. In a telegraph system, the method of re-
laying messages of different classes comprising
at least one class of message code per message
and 4t least one routing code other than the class
of message code, from one peint to another
through a plurality of intermediate points which
consists in transmitting a succession of electrical
impulse codes from one point to the mnext, re-
celving the codes at each point and converting
them to mechanical form pending retransmission
to the succeeding point, utilizing a class of mes-
sage code at one intermediate point to determine
routing of the message in accordance with ‘its
class, and utilizing a routing code at anotheér
intermediate point to direct the message selec-

- tively to the proper destination.

-y
(53

8. The method of relaying messages, compris-
ing atidress portions and body portions through
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an automatic telegraph exchange which com-
prises, receiving and temporarily storing incom-
ing messages in storage units of limited storage
capacity individual to the respective lines, trans-
ferring each temporarily stored message from its
individual unit to some unit selected independ-
ently of its address portion of an intermediate
storage reservoir comprising a plurality of storage
units common to the individual units, and subse-
quently relaying each message from the interme-
diate unit in which it is stored to its destination
under control of a part of the message as stored.

9. The method of equalizing the flow of mes-
sage traffic through an automatic telegraph ex-
change which comprises, temporarily storing
messages received over incoming lines in storage
units individually associated with the lines, frans-
ferring each stored message to intermediate stor-
age units immediately upon receipt of a signal

indicating that the complete message has been .

stored, and storing the messages in said interme-
diate units until line eguipment is available to
relay the messages to their destinations.

10. The method of equalizing the flow of mes-~

sage traffic through an aufomatic telegraph ex- o;

change which comprises, temporarily storing
messages received over incoming lines in storage
units individually associated with the lines, trans-
ferring each stored message to intermediate stor-
age units immediately upen receipt of a signal
indicating that the complete message has been
stored, storing the messages in the intermediate
units, transferring the stored messages from each
intermediate unit in the order of their receipt to

terminal relay units individually associated with .

outgoing lines, and storing the messages in the
terminal units until the associated lines become
available for transfer of the messages thereover.

11. In a telegraph system, the methoed of trans-
ferring a telegraph message from a calling sub-
scriber’s station to a called subscriber’s station
through a central exchange which comprises,
transmitting signals comstituting the message
from the calling station at relatively slow speed,

relaying the signals within the exchange auto- .

matically at a substantially higher speed, and re-
transmitting the signals from the exchange to
the called station to which the message is ad-
dressed at a substantially slower speed.

12. In a telegraph system, the method of han-
dling telegraph messages in an exchange which
comprises, receiving code permutations sent from
calling stations by start-stobd itransmission, and
causing the code permutations thus received to

control the relaying of corresponding code per- ;

mutations through the exchange by simultanecus
transmission.

13. In a telegraph system, the method which
comprises, receiving at an exchange signals sent
by start-stop transmissicn from g calling sub-
scriber’s station, automatically relaying the sig-
nals through said exchange by simultaneous
transmission, automatically retransmitting the
signals by start-stop transmission to another ex-
change, autcmatically relaying the signals
through said other exchange by simultaneous
transmission, and auvtomatically retransmitting
the signals from the other exchange to a called
subseriber’s station by start-stop transmission.

14. The method of transferring a telegraph
message from one station to ancther through a
central exchange which comprises sending code
permutations by start-stop transmission from
said one station to the exchange, automatically
relaying the code permutations through the ex-
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change by simultaneous transmission, and auto-
matically resending the code permufations by
start-stop transmission from the exchange to said
other station.

15, In a telegraph exchange system, in com-
bination, a plurality of stations, lines extending
from said stations to the exchange, a plurality ¢i
primary relay units for receiving telegraph mes-
sages sent over said lines from said stations by
start-stop transmission, means in each relay unit
for storing a complete message, an intermediate
relay unit, means in each of said primary relay
units for fransferring a stored message by simul-
taneous transmission to said intermediate relay
unit, means in said intermediate relay unit for
storing a plurality of messages, a terminal relay
unit, means in said intermedaite relay unit for
transferring a stored message to said terminal
relay unit by simultaneous transmission, and
means in said terminal relay unit for transfer-
ring the message over a line to one of said sta-
tions by start-stop transmision.

16, The method of transferring a telegraph
message from one station to ancther through
two central exchanges in tandem which com-
prises, sending signals by a predetermined sys-
tem of fransmission from said one station to the
first exchange, relaying the signals through that
exchange by a different system of transmission,
resending the signals from the first exchange to
the secend exchange by a system of transmission
different from the system of transmission em-~
ployed in relaying the signals through the first
exchange, relaying the signals through the sec-
ond exchange by the same system of transmission
employed in relaying the signals through the first
exchange, and resending the signals to said other
station by said predetermined system of trans-
mission.

17. In a telegraphic communication system
having a sending station and a plurality of re-
ceiving stations, the combination of 2 trans-
mitter at the sending station operable to trans-
mit a message comprising a class-of-message
signal, a directing signal designating one of the
receiving stations and a series of signals repre-
senting the body of the message, message receiv-
ing means at each of the receiving stations, a
central exchange having a primary storage unit
and a plurality of terminal storage wunits, said
primary storage unit having means for receiving,
storing and retransmitting the message trans-
mitted from the sending station, a plurality of
intermediate storage units in the exchange, cne
for each class of message, means at the primary
storage unit controlled by the class-of-message
signal for effecting automatic retransmission of
the message from that unit to a selected one of
the intermediate storage units, means at the in-
termediate unit controlled by the directing signal
for automatically effecting retransmission of the
message from that unit to one of the terminal
storage units selectively, and means 2t the se-
lected terminal unit for effecting automatic
transmission of the message to the receiving sta-
tion designated by the directing signal.

18. In a telegraphic communication system
having a sending station and a plurality of re-
ceiving stations, the combination of g transmitter
at the sending station operable to transmit a
message including a class-of-message signal, a
directing signal designating one of the receiv-
ing stations, a series of signals representing the
body of the message and an end-of-message sig-
nal, message receiving means at each receiving
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station; a' central exchange having a’ primary.
storage unit and a plurality of terminal storage”

units, said primary storage unit having means for
réceiving storage and’ retransmitting the mes-
sage transmitted from the sending station, &
plurality of intermediate - storage units in said

exchange, one for each class of ‘message;, means’
at the primary storage unit controlled by ‘the
class-of-message: sighal for'selecting ‘one*of  said’
intermediate storage units, other means-a$ said’

primary storage: unit controlled by the end-of-

message signal for initigting the operation of said’

retransmitting means to relay the message to the

selected intermediate unit, means at the inter~

mediaté unit controlled by the- directing” signal

for automatically effecting retransmission of-the:

message to one of said terminal storage units se~

lectively, and means” at the selected terminal
unit for effecting automatic transmission of the’
signals representing the body of the message to .
the receiving station:desighated by the directing:

signal.

19. In a system' for- directing the couise of
telegraph messages over a‘succession of electrical
transmission paths between originating points
and. terminal points through-selected ones of &
plurality of groups:of message storing devices,
means at the originating:points for incorporating
in each message s signal combination represent~
ing a particular group of storing devices ‘and an~-
other signal combination representing a particu--
1ar one-of the terminal points, selecting means re«
sponsive:to the first mentioned 'signal combina=
tion.. for 'directing the: messages to: the” proper
group of storing .devices, other' selecting means
associated with the storing devicés:controlled by:
the'last mentioned signal combination for select~
ing transmission pairs to:the'desired terminal
points, and'means:for:automatically detérmining
the order in which the’ selecting means. of the
different groups of storage: devices -become effec~
tive.

20. In .o system’ for: directing the: course 'of
telegraph messages over a: succession of electri<
cal transmission paths between originating-points:

and terminal points through selected-ones of ‘&

plurality of groups of message:storing devices,
means at the originating points for incorporat-
ing in edch message a'signal ‘combination repre~
senting a particular group of storing devices and
another signal combination representing:a: par-
ticular one of the términal points, selecting means
responsive to-the first mentioned sighal combina=<
tion for directing the messages to the propet

group of storing: devices, other selecting’ means’ :

associated with the storihg devices controlled by
the last mentioned signal combination for se~

lecting transmission paths to the desired terminal

points, and means. for preventing: operation of
the selecting means of certain of said groups-of
storage devices as long-as the:devices:of another
group are blocked.

21. In a system for directing the course of tele+
graph messages of ‘different:classes over a succes~
sion - of  electrical transmission paths: between:
originating  points and términal :points through:
an intermediate point, in :combination, a:plurals
ity of groups. of storing devices at said. inter=
mediate point, one for each class of  message;
means for-directing the -messages to the appro=
priate group of storing devicés; means-associated
with each storing device for retransmitting stored
messages, a control device associated with each
of ‘said groups operativée to: determine the order:
in:which the messages .stored within that group
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aré retransmitted, and control means for deter-
mining the order of ‘operation of said control de-
vice.

22. In a telegraph system, in combination, a

< relay unit for receiving and’ storing -telegraph-

messages of different classes, a plurality of other
message’ receiving ‘and storing relay units, one-
for each class of message, a connecting device for-
connecting said first relay unit with one of the
other relay units corresponding to the class of*
the message-stored in said first relay unit, and’
means for transferring the message from the first
relay unit to the-other relay unit.

23..In an automatic telegraph system, in com--
bination;: a relay unit for receiving and storing-
telegraph messages of different classes each -in-
cluding a signal combination designating the:
class of the message; a plurality of other mes-
sage receiving and storing relay units, one for

. each class of message; a control device associated:

with' said first relay. unit operative under con=-
trol: of the clasg identifying signal of a message.
for establishing a transmission path from that
relay ‘unit to.one of the other relay units desig«
nated by the signal, and means for transferring:
the message over said transmission path to the
other: relay unit...

24. In a system for directing the course of a
telegraph message: over 'a succession of electrical
transmission paths between an originating point
and one .of a plurality .of terminal points through
one of a plurality of groups of message storing
devices, in combination, means at the originat-
ing point for-transmitting. a series of signal com=
binations one of which represents a particular
group of storing :devices and another of which:
represents: a- particular one: of  said terminal
points, . selecting: means responsive. to said one:
sighal for directing the message to the proper
group of storing devices, distributing means as-
sociated with said group for directing the mes=
sage to an available storing device in the groupy
selecting means in. the storing- device responsive
to the other of said signals-for selecting a trans-
mission path’ to the: desired terminal point, and
means in said storing device for transmitting
the message over the selected path to the ter-
minal point.

25. In-an automatic telegraph system, in com-
bination, a plurality of relay units for receiving
and. storing: telegraph messages each of which
includes a signal combination indicating the
class of the message, a plurality of groups of oth-
er message receiving and-storing relay units, one
for:each. class of message, a control device as-
sociated with each: of said groups for controlling
the transmission of each: message from any one
of the first relay units to one of the relay units
of that group; means in each of said first relay.
units controlled by the . class .of message signal
for initiating operation of the control device for
the group- designated by the signal, and means
operated by said control device for initiating re~
transmission of. the message to a relay unit of
the associated group.

. 26. In an automatic telegraph system, in com-
bination, a: plurality of relay units for receiving
and storing telegraph messages each of which
includes a. signal combination indicating the
class of- the:'message; a -plurality of groups of
other message receiving and storing relay: units;
one for-each class of message, selectively operable
means- associated with each of the first relay.
units- controlied by-the class-of-message sagnall-
for establishing a transmission path from the
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associated relay unit to a relay unit in the group
desighated by the signal, and means in each of
said first relay units for transmitting the re-
maining signals only of the message over the
established transmission path.

27. In a system for automatically relaying
messages of different classes from one point to
ancther through an intermediate point, appara-
tus at the intermediate point for receiving and
storing a message, selector mechanism operable
under control of a part of the message as stored
for establishing a transmission path to said other
point, means operable automatically to transmit
a signal over the established path to identify the
class of the stored message, and ofher means
operable automatically to transmit the stored
message over said established path.

28. In an automatic telegraph system, in com-
bination, a plurality of message receiving and
storing relay units for different classes of mes-
sages, means associated with each relay unit for
retransmitting the stored messages, and means
associated with each relay unit for automatically
incorporating in the retransmitted message a
signal identifying the class of the message.

29. The method of transferring a telegraph
message from one station to another through a
plurality of intermediate points which comprises
transmitting from said one station to the first
point a series of signals representing the class,
the destination and the body of the message,
utilizing the class signal at said first point to
direct the message to the second point, transfer-
ring the remainder of the signals to said second
point, utilizing the destination signal at said sec-
ond point to direct the message to a third point,
and reintroducing the class signal into the mes-
sage and transferring it together with the body
of the message to said third point.

30. In a telegraph system in which messages
are received and temporarily stored in a group
of relay units, the method of distributing message
traffic to the group of units which comprises,
determining the storage level by causing regis-
tration of the number of individual signal com-
binations in storage in each relay unit, and caus~
ing selective direction of successive messages to
the relay units having the lowest storage level.

31. In a telegraph system in which messages
are received and temporarily stored in a group
of relay units, the method of distributing mes-
sage traffic to the group of units which comprises,
maintaining a continuous registration of the
storage level of each relay unit, and directing
subsequent messages preferentially under control
of said registration to the relay units below a
predetermined storage level.

32. In a telegraph system in which messages
are received and temporarily stored in a group
of relay units, the method of distributing mes-
sage traffic to the group of units which comprises,
automatically registering the storage level of
each relay unif, directing all messages to the
relay units below a predetermined storage level
until such units reach or exceed said predeter-
mined storage level, there establishing a higher
predetermined storage level as the basis for ef-
fecting distribution.

33. In an automatic telegraph system, in com-
bination, a group of message receiving and stor-
ing devices, means associated with each device
for indicating the amount of message maftter in
storage, and means for distributing the messages
to said devices under control of said storage in-
dicating means.
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34. In a telegraph system, in combination, &
first group of message receiving and storing de-
vices, a second group of message receiving and
storing devices accessible to said first group for
the transfer of telegraph messages thereto, and
means for determining the order of use of the
devices of said second group comprising, storage
indicating means individual to the devices of the
second group, a storage level switching mecha-
nism common to said indicating means, and a
message distributing mechanism controlled by
said switching mechanism.

35. In a telegraph system, in combination, a
first group of message receiving and sforing de-
vices, a second group of message receiving and
storing devices accessible to said first group for
the transfer of telegraph messages thereto, and
means for determining the order of use of the
devices of said second group comprising, means
associated with each device of the second group
for indicating the storage level of the device, a
level switeher controlled by said indicating means
for determining the indicated levels at which
the devices are to be temporarily blocked from
receiving messages, and distributing means con-
trolled by said level switcher operative to direct
messages to the unblocked devices.

36. In an automatic telegraph system, in com-
bination, a first group of message receiving and
storing relay units, a second group of message
receiving and storing relay units accessible to
the first group for transmission of messages there~
to, a control device associated with the first
group of units operative to determine the order
in which the units are to transmit stored mes-
sages, a second control device associated with
the second group of units operative to determine
the order in which the units are to receive mes-
sages transmitted from the units of the first
group, and means controlled jointly by said con-
trol devices for establishing transmission paths
between the units of the two groups.

37. In an automatic telegraph system, in com-
bination, a first group of message receiving and
storing relay units, a second group of message
receiving and storing relay units, normally in-
effective transmission paths extending from each
unit of the first group to each unit of the second
group for the transfer of message matter, a time
assigner associated with the units of the first
group operative to determine the order in which
the units have access to the transmission paths,
a solicitor associated with the units of the second
group operative to determine the order in which
the units are to receive messages over the trans-
mission paths, and means controlled jointly by
the time assigner and the solicitor for condition-
ing a transmission path for the transmission of a
message from a predetermined unit of the first
group to g selected unit of the second group.

38. In an automatic telegraph system, in com-
bination, a plurality of groups of message receiv-
ing and storing relay units of one rank, a group
of message recelving and storing relay units of a
succeeding rank accessible to the relay units of
said one rank, g control device for each group of
relay units of said one rank operative to deter-
mine the order in which the units of the group
are conditioned for transfer of stored messages
to the units of the succeeding rank, a control de-
vice for the group of units of the succeeding rank
operative fo determine the order in which the
units of that group receive the transferred mes-
sages, and means controlled by said last control
device in cooperation with said first control de
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vices individually: for establishing transmission
paths between the relay units. of: different rank
for the transfer of messages.

39. In a system for relaying telegraph messages
through a plurality of transfer: points; in.combi-
nation, a plurality of groups: of relay units for
receiving and storing ‘the messages at.one trans-

fer point, a group of relay units at a succeeding:
transfer point for receiving the. messages: from:

said first relay unit. and: for-storing: such: mes-~
sages, a time assigner associated with each group
of relay units at said. first. transfer point each

operative to determine the-order. in which the.

units cf that group are conditioned for retrans-
mission of stored messages; to the units at- the

suceeeding transfer point, a solicitor. associated:
with the group of units at the succeeding trans-
fer point operative to determine- the order in.
which the units of that group are conditioned

for the reception of messages, said:solicitor coop-

erating with. said time assigners individually. to:
establish transmission paths .between the units:

at the different transfer points.
40. In. a telegraph system, the method of re-

laying messages through- a. series of . transfer:
points which comprises, establishing: a .succession.
of transmission paths from-each transfer point:
to the succeeding point-under control of signals.
ineorporated in the messages, temporarily storing:

the messages in mechanical form at.each trans-
fer point pending retransmission to the succeed-

ing transfer point, and automatically testing the.
established transmission paths prior to the trans-:

mission of each message.
41. In an automatic telegraph system, in:com-

bination, a series of message receiving and storing:

relay units, trunk lines interconnecting .said re-

lay units for the transfer of messages from one:
relay unit to another in succession, and means.

for automatically testing the transmitting capa-~

bility of trunk lines prior to.the transfer of each

message.

42. In a telegraph. system, in. combination, a
first message receiving and. storing relay. unit,
a second message receiving and storing relay unit,

means for transmitting messages from said first:
relay unit to said second relay unit, and means in.

the first relay unit for transmitting a test signal

to the second relay unit prior.to.each message:

transmission.

43. In a telegraph. system,. in combination, .a:
first message receiving and, storing relay -unit, .a;
second message receiving and .storing. relay unit,.
means for establishing a transmission pa,th be-

tween said units, means in the. first unit .auto-
matically operative to transmit a plura.lity of pre-.

determined signal combinations over the. trans--

mission path, means at the second unit for re-

ceiving and recording the signal combinations,.
and means operative automatically when the sig-:
nal combinations recorded are identical with .
those transmitted from the first unit for initiating;

transmission of the message over the transmis-
sion path.

44. In a system’ for directing the course of
telegraph messages over a.succession.of trans-.
mission paths between  originating .points and.

terminal points through a series.of transfer points,

in’ combination, means at the originating points.
for incorporating in each message signal combi-
nations operative to select the transmission paths-
from one point to the next, and means at each:
transfer point for automatically. incorporating in,

each message a signal combination for-testing the
operability .of the. transmission path..
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45; In g telegraph system, in::¢ombination; &
first message receiving and. storing relay unit;
a.second message receiving and sforing relay unit;
means for transmitting messages from said first:
relay unit to said:second.relay unit, means in the
first relay unit for transmitting a test signal to
the second relay unit-prior to each message trans-
mission, and means:at said second relay unit .op~
erated by said test signal for controlling the op--
eration of said first relay unit.

46, In a telegraph system, in combination, a:
first message receiving: and storing relay unit, a
second message receiving and storing: relay unit,
selectively operable means. for establishing a:
transmission path between said units, means in
the first relay unibt operable automatically to
transmit a series of predetermined test signals
over the established: transmission path, means:
in the second relay unit for receiving and record-.
ing said test: signals, .and means at the second:
relay unit operative:when: the test signals.are:
correctly received and recorded for initiating:
transmission of ‘a message over the transmission
path to the second relay unit, said last means:
acting when the test:signals are improperly re-
corded to operate a supervisory signal.

47, In a telegraph system, in combination, a:
plurality of relay units adapted to receive elec-
trically transmitted signals and store the same in
mechanical form, said units being interconnected
in tandem relationship for the:transfer of nmes-
sages progressively from-originating points to-
ward their' destinations, means- associated with:
each unit for indicating the amouut :of message:
matter in storage ih: the unit at any given in-
stant, a supervisory switchboard, and a signal at:
said switchboard individual to each relay unit
controlled by the storage indicating means- asso«:
ciated with that unit.

48. In a telegraph system, in combination, a
group of message receiving  and storing relay

‘units, means in each.unit for transmitting. stored:

messages in succession under selective control of
signals embodied in-the messages; a supervisory-
switchboard, and means-at said switchboard in-
dividual to the respective units and conirolled
thereby for indicating. the.length of time the:
foremost message: stored in the unit has waited
for transmission. ’

49, In a telegraph system, in' combination, a-
group of message receiving. and storing relay
units, means in each unit for transmitting stored
messages in succession under selective control of
signals embodied in the messages, a supervisory.
switchboard, and signal means at the switchboard:
controlled by each unit for identifying the units:
having one or more messages awaiting transmis-
sion and for indicating the waiting time of the-
foremost message stored in each unit.

50. In a telegraph-system, in combination, &
group of message receiving and storing relay
units, means in each unit for transmitting stored-
messages in succession under selective control of -
signals embodied in the messages, a supervisory:
switchboard, and signal means at the switchboard:
controlled from the relay units for indicating the:
waiting time and the destination of the foremosts
message in storage in each unit.

- 51, In a telegraph system, in comblnatlov

5 ﬁrst message receiving and storing relay unit, a.

second message receiving and storing relay unit;
a-signal device, means for establishing a trans-
mission path for the transfer of messages from:
the first relay unit tothe second relay unit, means-

75; in the first-relay unit:for transmitting. a test-sig
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nal over the transmission path prior to the trans-
fer of a message, and means in the second relay
unit for receiving and checking the test signal,
said last means acting to operate said signal de-
vice in the event that the test signal is properly
received,

52, In a telegraph system, in combinaticn, a
first message receiving and storing relay unit, a
second message receiving and storing relay unit,
a signal device, means for establishing a trans-
mission path for the transfer of messages from
the first relay unit to the second relay unit, means
in the first relay unit for transmitting a plurality
of test signal combinations over the transmission
path prior to the transfer of a message, means at
the second relay unit for receiving and mechani-
cally recording the test signal combinations, and
checking means for determining the particular
signal combinations recorded, said checking

means acting to operate said signal device in the .

event that the predetermined signal combinations
have been recorded.

53. In a telegraph system, an outlying station,
a central office, a line extending from said station
to said office, a transmitter at said station for
sending a succession of signal impulses over said
line, each signal comprising a plurality of im-
pulses, a relay unit at said office for receiving and
storing said signals, and means in said relay unit
for retransmitting the impulses of each stored
signal simultaneously.

54. A telegraph relay mechanism comprising
in combination, & mechanical signal storing me-
dium, recording apparatus adapted to receive a
group of successively transmitted signal impulses
constituting a code signal and to record the same
on said medium, and transmitting means con-
trolled by the recorded signal including means
for transmitting all of the signal impulses simul-
taneously.

55. A telegraph relay mechanism comprising
in combination, a mechanical signal storing me-
dium, recording apparatus adapted to receive in-
coming signal impulses and to record the same as
signal combinations on said medium, means oper-
able to sense the recorded signal combinations
and to select a transmission path under. control
of one combination, and other means operable to
sense the recorded signal combinations and to
transmit corresponding signal impulses over the
selected transmission path.

56. A telegraph relay mechanism having, in
combination, a storage medium comprising
groups of elements adapted to be set in different
combinations, means for advancing the medium,
8 first signal responsive device including a plu-
rality of members movable under control of said
elements incident to the advance of the medium,
selecting apparatus controlled by said members
when actuated by one group of elements for
selecting a signal transmission path, a second
signal responsive device including a plurality of
members located closely adjacent said first device
and movable under control of said elements inci-
dent to the advance of the medium, and means
controlled by said last mentioned members for
transmitting signal combinations over the se-
lected transmission path.

57. A telegraph relay mechanism having, in
combination, a movable storage medium, means
for receiving incoming signal combinations and
for recording the same on said medium, means
for intermittently advancing the medium relative
to the recording means in timed relation to the
Incoming signals, means operable to transmit the
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signal combinations stored on said medium, and
means for continuously advancing the medium
relative to the transmitting means.

58. Telegraph apparatus comprising punches,
selecting means for causing said punches to be
permutated, pushing means for causing the
selected punches to be actuated, an elongated
code storing medium having equally spaced physi-
cal portions to be consecutively conditioned per-
mutatively by the selectively actuated punches,
means operable in a non-synchronous manner
for actuating the punches, synchronously oper-
able means for advancing the medium, and
means controlled conjointly by the non-synchro-
nously operahle means and by the synchronously
operable means to maintain the punches in
aligned relation to the successive spaced portions
during the actuation of a selectively permutated
combination thereof.

59. A start-stop selector, movable members for
storing successive code combinations, a record
medium upon which successive code combinations
are stored thereby, means for advancing the
medium to present successive storage regions for
successive codes, means for advancing the mov-
able members with the medium during storage of
a code, and means for regressively moving the
members with respect to the medium between
code storages.

60. A system of telegraphy including an incom-
ing path of transmission, a storage means, a
selector and recorder actuated by impulses upon
said lines to store upon said means groups of code
combinations comprising messages, means con-
trolling the advancing of said groups of code
combinations through a transmitter, other means
for controlling the advancing of said storage
means past said recorder to advance stored mes-
sage code combinations to said transmitter, and
a circuit changer to open said path electrically
during said advancing of storage means past said
recorder.

61. In a system of communication, in combina-
tion, a primary relay unit, an intermediate relay
unit and a plurality of terminal relay units, each
of said relay units having means for receiving
and storing message matter, means in said pri-
mary relay unit automatically operative upon the
reception of a complete message for transferring
the same to said intermediate relay unit, and
means in said intermediate relay unit for trans-
ferring the message to one of said terminal relay
units selectively under control of a part of the
message.

62. In a telegraph system, in combination, a
message receiving and storing device, means in
sald device for receiving a series of message sig-
nals preceded by a predetermined test signal,
means in said device for checking the test signal,
and means actuated by said checking means for
indicating whether or not the test signal has been
properly received.

63. A telegraph relay mechanism having, in
combination, a movable storage medium, start-
stop receiving means for recording received signal -
combinations on said medium, means for ad-
vancing the medium at relatively slow speed
relative to the recording means and in synchro-
nism with the received signals, means operable
to transmit all of the impulses of a signal com-
bination simultaneously, and means for advanc-
ing the medium relative to the transmitting
means at a substantially higher speed.

64. In a telegraph apparatus, in combination,
& traveling medium for storing a plurality of sig=
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“Hals ‘ representing “messages ‘to ‘be Aransmitted,
“mearis- controlled by one signal of ‘each. message
“for ‘selecting ‘a transmission path ‘for that mes-
‘sage, a governor arranged ‘to’execute a plurality

of stepping ‘miovements in ‘the transmission .of -

“gach ‘message, §aid ‘governor ‘acting in successive
‘movements to -alternately start ‘and stop the
‘medium, and means actuated by the ‘governor in
-‘one of said movements for transmitting a signal
“over thetransmission path. }

"65. In a telegraph apparatis, in combination,
“a’traveling medium for storing a. plirality.of sig-
‘nals representing messages ‘to “be ‘transmitted,
means controlled by one signal-of ‘each message
_for selecting ‘'a transmission path for that mes-
‘sage, a governor arranged to execute. a plurality
-of stepping movements in the “transmission of
;eacth message, with a dwell following each move-
.ment, means actuated by the governor in its first
‘movement to stop the mediui -while the trans-
mission path.-is being selected, -means acting ‘to
‘initiate the second movement .of .the -governor
‘for ‘establishing ‘the ‘transmission .path, means
‘actuated by the governor in its second movement
-for ‘transmitting ‘test signals over .the transmis-
‘sion path, meains. normally effective to interrupt
‘the second .niovement of the-governor,-and means
‘controlled revertively by .correct transmission :of
‘the test signals over the transmission path for
“disabling said interrupting means to continue the
second movement.of-the governor.

'66. In a telegraph -apparatus,-in- combination,
a ‘signal ‘sforing medium, .cyclically ‘operable
‘means for intermittently -advancing-the medium
‘relative to a cortrol .point. in-steps .of -predeter-
mined length, .means -at -the control point for
récording signals on the medium :including ‘a
‘group. of; members. supported for-movement indi-
‘vidually ‘toward -and ‘from the:medium and :for

Jnovement as‘a group.in-a path :substantially

‘parallel to the.medium, means :for “shifting the
‘gfoup of members.as a unit relative to the ad-
‘vancing medium-at .the .end -of -each -operating
seycle, said ‘members -acting -individually in -the

cycle to record the elements of a signal on the '

‘medium, and means for returning the ‘group’of
members to initial position beforeithe-end of tte
‘¢cycle.
. .67. Ina telegfaph. apparatus,-the.combindtion
‘with a medium for carrying.signals-in the form
‘of mechanical -combinations,-a,signal responsive
‘device operable:in successive.cycles-to:record the
‘elements of -a-single. signal combination -on ‘said
‘medium in Succession and ineluding .a group of

bush rods movable individually -toward-and "from

“the medium, means operative -at-the end of each
“eycle for advancing the medium through-a pre-
‘determined step relative to the.normal rest posi-
“tion of the.group.of rods, ‘means:for shifting ‘the
“group.of rods with the medium :said rods:acting
“during the ‘cycle to reécord  the.signa]l elements-on
‘the medium, and means for returning ‘the-group
‘of ‘rods to normal rest -position :while the signal
“elements are being recorded.

68 In a telegraph:machine, in combination,’s '

‘frame supported for limited ‘movement :in -one
“direction :from -a-normal rest-position, sprockét
"Wheels journaled-on-said frame,a flexible signal
_storing meditm running:over said.sprocket wheels,
“a signal responsive device mounted-on-said ffarme
operative to.record :signals-on:said medium, ‘¢y-
“clically operable:power-driven.means:for rotating
“Said sprocket wheels 4o :effect relative movemerit
“bétween the medium -and- theframe:at:a ' prede-
‘termined:speed,:and power drivenhiedrs opersble
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“In“éach ‘eycle to advance the storage medium at
‘a’substantially higher speed, said frame advanc-
“ing with the medium’and being returned to nor-
mal rest position by the rotation’of said sprocket
“wheels.

69. In-a telegraph apparatus, in combination,

a signal-storing medium, signal responsive means

“‘operable to record signals on the medium, a trans-
mitter for transmitting the stored signals, means
“for advancing the medium including a shaft ar-
ranged to ‘be ‘driven by either of two positively
acting clutches, means for engaging one of said
‘clutches-as each ‘signal is recorded to advance
‘the medium one step relative to the signal re-
‘cording means, and means controlled by a sig-
‘nal'incorporated in the message for engaging the
‘other ‘of ‘said clutches to advance the medium ‘a
‘plurality of ‘steps to permit presentation of the
‘first recorded signal to the transmitter.

70. In a telegraph relay mechanism, in combi-
‘nation a'signal’storing medium, signal responsive
‘means for recording on said medium a plurality
‘of ‘grotips of ‘signals eéach .constituting a complete
‘message, means for transmitting the stored sig-
nals, and'means for indicating af a particular time
‘the nuimber ‘of messages stored on said medium
‘at that time.

71. In a-telegraph relay mechanism, in com-

"bination ‘a signal ‘storing medium, signal respon-

sive means for recording on said medium a plu-
‘Tality ‘of groups of signals each constituting a
‘complete message, means ‘for transmitting - the
stored signals, an indicator, means operable to
‘move said indicator a predetermined distance in
one direction upon. the recording .of each com-
‘plete message on‘said medium, and. means oper-
-able ‘to move said indicator a corresponding dis-
‘tance in the ‘opposite direction upon the trans-
“Inission of ‘each messagestored on said medium.

72, In-a‘telegraph relay mechanism, in conibi-
‘nation, a'signal recording device, a signal-respon-
‘sive ‘device, ‘a fraveling signal-carrying medium
‘including a-band forming a signal storage section
‘of variable capacity between said devices, an in-
dicator, mears for operating said ‘indicator to
:colint the number of complete messages recorded
“on ‘the ‘medium by said recording device and
‘delivered -to said storage section, and means for
operating said indicator to .subtract from the
number of messages registered thereby the num-
"ber of complete messages .passing out of said
‘storage section in the operation of said signal-
‘responsive device,

‘73.-An sppardtus for ‘automatically relaying
‘telegraph messdges from one point to another
-gomprising, in combination, ‘a recording device,
“a ‘storage medium upon which .a succession of
imessages may ‘be recorded in signal form by
Said recording device, a transmitting device con-
trolled by the recorded signalg for transmitting
the messages, ‘an indicator including .2 member
‘Tovable from ‘a -ndrmal rest position in steps of
‘bredetermined length, means eperated upon the
-fecording of each complete . message for moving
-said ‘member one step away from the rest posi-
tion to count the number of messages recorded,
-means operated upon the transmission of each
‘complete ‘message ‘for moving said member one
‘step toward the rest position ‘to count the num-
‘ber of messages transmitted, the displacement df
-gaid indicator from rest position indicating the
‘number of coniplete messages in storage at any'
*instant. ‘

74. In a telegraph apparatus, the combination
‘of“a-traveling medium upon which -groups. of sig-
‘nalsrépresenting ‘messages may be recorded me-
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chanically, a recorder and a transmitter associ-
ated with said medium so as to provide a sig-
nal storage section of variable capacity between
them, drive means operable in accordance with
the number of complete messages delivered into
the storage section by the recorder, drive means
orerable in accordance with the number of com-
plete messages passing out of the storage section
through said transmitter, and an indicator oper-
ated differentially from each of said drive means

so as to register at all times the number of com-'

plete messages in storage in said storage section.

75. In a telegraph apparatus, the combination
of a traveling medium upon which groups of sig-
nals representing messages may be recorded
mechanically, a recorder and a transmitter asso-
ciated with said medium so as to provide a signal
storage section o©f variable capacity between
them, a pair of cyclically operable shafts, a start-

stop clutch device for each shaft operable when .
released to rotate the associated shaft through-

a predetermined step, an indicator including a
rotatable member, differential gearing connect-
ing said shafts and said member so as to enable
one shaft to furn the member in one direction
and the other shaft to turn the member in the
opposite direction, means for releasing one of
said clutch devices as each complete message is
delivered into the storage section from the re-

corder, and means for releasing the other of said :

clutch devices as each complete message passes
out of the storage section through said trans-
mitter.

76. In an automatic telegraph system in com-
bination, a series of message receiving and stor-
ing relay units. a plurality of groups of trunk
lines accessible to all of said units, means in each
unit operable to select a group of trunk lines,
electrically operated means in each unit for seiz-
ing a trunk line in the selected group for relay-
ing a message thereover, a selecting device in-
dividual to each group of trunk lines to deter-
mine the next of which lines is to be seized for
use, a control device associated with said relay
units operative to determine the order in which
the units are permitted to seize trunk lines of
each group, and starting circuits for said elec-
trically operated means controlled jointly by the
selecting device and the control device.

77. A selecting device having, in combination, 3

a series of plungers arranged in side-by-side po-
sition. means yieldably urging the plungers for-
wardly to effect a selscting operation, restrain-
ing means normally operative to hold the plung-
ers in a retracted position, cyelically operable
means for periodically withdrawing the restrain-
ing means to release the plungers for advancing
movement, and mechanical blocking means for
preventing the advance of more than one plunger
at a time.

78. A selecting device having, in combination,
a series of plungers arranged in side-by-side po-
sition, means yieldably urging the plungers for-
wardly to effect a selecting operation, a pivoted
control member individual to each plunger nor-

‘mally acting to retain the plunger in a retracted:

position, cyclically operable means for rocking
said control membhers to periodically release the
plungers for advancing movement and then to
return the plungers to retracted position, and
blocking means operative to prevent more than
one plunger at a time from advancing through
& full stroke upon release of the plungers by their
associated control members.

79. A selecting device comprising, in combi-
nation, a series of movable plungers arranged in

(A
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side-by-side relation, a series of plunger block-
ing elements arranged in a row in opposed re-
lation to the plungers and slidably supported
for mcvement lengthwise of the row in a closed
guideway of sufiicient length to leave a gap sub-
stantially equal to the width of one element,
means operative to yieldably urge the plungers
toward said row of elements, one only of said
plungers being permitted to enfer between two
adjacent elements whereby the elements are
shifted to close up the gap and thereby preveng
advance of additional plungers, and means actu-
ated by the plunger in its advance for effect-
ing a selecting operation.

80. A selecting device comprising, in combi-
nation, a series of movable plungers arranged
in side-by-side relation, a series of plunger
blocking elements arranged in a row in opposed
relation to the plungers and slidably supported
for movement lengthwise of the row in a closed
guideway of sufficient length to leave a gap sub-
stantially equal to the width of one element,
means yieldably urging the plungers toward the
row of elements, latch means normally acting to
hold the plungers in a retracted position, means
for withdrawing one or more of the latches to
release the plungers for advance by said yield-
able means, one only of the plungers being per-
mitted to advance through a full stroke and en-
ter between adjacent elements so as to shift the
elements in the guideway and close up the gap
therein, said elements acting to block the re-
maining plungers from advancing until the first
plunger is withdrawn.

81. A selecting device having, in combination,
a series of plungers arranged in side-by-side re-
laticn and yieldably urged forwardly to effect a
selective operation, means for preventing the
advance of more than one plunger at a time com-
prising a series of blocking elements of substan-
tially the same width as the plungers slidably
arranged in a row in a closed guideway with a
gap in the row of the same width as an ele-
ment, a cam surface on the element for guiding
the plungers between adjacent elements, szid
elements being shifted in the guideway to close
up the gap upon the entry of any plunger be-
tween two adjacent elements whereby to block
the advance of any other plunger.

82. A selecting device comprising, in combi-
nation, a series of plungers arranged in side-by-
side relation, a row of blocking elements one less
than the number of plungers slidably supported
in a closed guideway of sufficient length to ac-
commodate the row of blocks and one additional
block, said blocks being located in opposed rela-
tion to the plungers, means yieldably urging the
plungers toward said elements, latch means
normally holding the plungers in retracted po-
sition, means for withdrawing the latch means
selectively to release one or more of the plungers
for movement toward the blocks under the in-
fluence of said yieldable means, the arrangement
being such that one only of said plungers may
execute a full stroke and enter between two ad-

- Jacent blocks, the blocks being thereby shifted
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in said guideway to close up the gap and thereby

‘block the remaining plungers against advance.

83. In a telegraph system, in combination, a
group of message receiving and storing relay
units, trunk lines accessible to said units for re-
laying stored messages, and a time - assigner for
determining the order in which the relay units
are permitted to seize trunk lines comprising, a
normally open starting circuit for each relay
unit, a switching device in each circuit operable
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to close-the:same;-a plunger associated-with each
.device-and:yieldably -urged to-a -position:io-.op-
erate -the :associated -device, individual latch
means- for -holding - each. plunger in-a-retracted
position, -means operative -when 'a message -is
-awaiting transmission from that -unit-to with-
draw-the latch-and release.the plunger for that
‘unit,. cyeclically - operable restraining .means con~
‘trolling-the advancing movement. of the released
plungers, -and. mechanieal -blocking means - co-
operating with the plungers to prevent -advance
of more than one plunger at a time.

84.. A selecting ‘device -having, in combination,
8 series.of plungers arranged in side-by-side re-

-Jation, means: yieldably urging the.plungers for- a2

wardly, restraining means. normally -operative-to
shold .the plungers in-a -retracted.position, cy-
clically - operable means - for. periodically -with-
-drawing said restraining means -to:release the

10

.plungers for - -advancing -movement, ‘blocking 20

Imeans- for preventing the advance of more than
one plunger at a time, -a switching - device-in~
‘dividual to each plunger operated only by the
advance of the associated plunger, -a switching

device-common to.all of the. plungers, and means 2

-actuated by any plunger. in its -advance:for .ep-
-erating said last switching device.

'85. A -device for-determining the order -of
availability of a group of message receiving -and
storing relay units, said .device -comprising, in
combination, a series of :plungers:arranged in
side-by-side relation, -means. vieldably urging said
blungers toward .an .advanced - position, latch
means for holding the plungers-in-a -retracted

position, means controlled from -each unit for .

withdrawing the latch for the associated plunger
to-release the same when the unit is in condi-
tion to receive a message, other means -for re-
stralmng the -released plungers for movement
from the retracted position, cyeclically :operated
means for periodically withdrawing said restrain-
ing means to free all released plungers for move-
ment from the retracted position, mechanical
Bblocking means cooperating with -the plungers

so as to. permit one.plunger only to -advance #4:

through-a full stroke, and means actuated by
said one plunger in its .advance for making the
corresponding  relay -unit available -for :the re-
ception of a message.

86. A device for determining the .order -of
‘availability. of a group- of message receiving and
storing relay units, said :device - comprising, - in
combination, a series of plungers :arranged :in
side-by-side relation, -means :yieldably ‘urging
said plungers.toward an advanced position, 1atch
means for holding the -plungers in -a -retracted
position, .means controlled from - each -unit - for
‘withdrawing the latch for the associated plunger
to release the same when the unit is in condi-
tion to receive a message, other means for re-
straining .the - released :plungers - for -movemerit
‘from - the . retracted -positien, cyclically operated
means -for operating -said restraining means ito
periodically -free all released plungers for move-
ment from the .retracted "position, :mechanical
blocking .means cooperating with the plurigers
to .allow only one released:plunger to advance
through a.full stroke in each operating cyecle,’and
means actuated by :the advancing plunger for
making the :corresponding relay : unit : available
for the.reception of a inessage.

87. In-a telegraph relay mechanism,:in ‘com-
bination, a signal recording device, a; signal trans-
mitting .deviece, -a ‘traveling :signal .carbying
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‘bination, -a --signal -recording device,

78
:able .capacity -between -said-devices, ‘a ‘member
‘movable-in -one-direction a-distanee correspond-
ing-to the: number:of ;signals delivered into-said
-storage section :from the recording device and
‘movable in‘the-opposite -direction a distance cor-
Tesponding to'thesnumber -of signals-passing out
of said section :to -the -transmitting device, -a

series‘of-switches:disposed at-spaced points along
the-path-of:said- member,-and means carried by
‘the-memberifor -actuating said switches.

+88.-In .a-telegraph relay mechanism, in'com-
-a -signal
transmitting -device, «a ‘traveling signal carrying
medium - forming -a -signal :storage -section ‘of
wvariable -capacity between :said  devices, a ‘series
of -switches, and.means for actuating said-switches
progressively -as the -number of signals in -said
storage -section -reach successive rpredetermined
levels.

89. In a telegraph relay mechanism, in .com-
bination, a signal:recording device, s signal trans-
mitting -device, -a -traveling signal :carrying
medium:forming a-signal-storage section of ‘vari-

“able -capacity -between said devices, a--series 6f

switches, a -member :operative -to indicate “the
number of signals ‘in-the storage :section at: any
instant, -means -controlled - by :said - member for
actuating the switches progressively -ds the num-
ber- of signials in the-storage -section increase to
predetermined -successive levels, and :means :for
maintaining -each -of -the switches in -actuated
‘position -until-the -number-of signals in-the -stor-
age -section falls “below the level 'at which :the
switch wastactuated.

90. In a3 telegraph relay mechanism,:in com-
bination;:a signal recording device, a signal trans-
mitéing device -a -traveling signal carrying
medium forming -a 'signal storage section of
variable capacity rbetween said devices, a shaft,
means -for-driving -the shaft in one direction a
distance corresponding to the number of signals

-delivered into -the storage -section. from the re-

cording - device, ‘means -for  driving the shaft -in
the oppoesite-direction -a -distance corresponding
to-the number of signals passing out of the stor-
age -section -to -the transmitting -device, a rider
threaded-to-said-shaft for-movement thereby:in
.one -direction vor -the -other in-accordance -with

+the - direction -in :which the “shaft is -driven, a

series -of ‘switching <devices ~disposed along ‘the
path of said rider, an actuating member carried
by -said .rider-for :presentation -to ‘said switching

devices -successively in the movements of the

rider, -and ia :¢am *on said shaft cooperating
with *said :actuating ~member “for actuating ‘the
switching .devices.

<01, :In-a-telegraph ‘relay mechanism, in:com-

“bination, a-signal recording device, a signal trans-

mitting -device, a ‘traveling ‘signal ‘carrying
meédium "forming “a :signal ‘storage -section ‘of
Wariable «capacity ‘between rsaid ‘devices, ‘a'shaft,
mheans ‘for driving the shaft in one ‘directicn a
distance corresponiding to the number of-signals
‘delivered into 'thestorage ‘gection from the fe-
cordirig «device, :means for-driving ‘the shaft in
the opposite direction a distance ‘corresponding

b0 the numberof:signals passing out of the stor-

agesection to'the"t‘*ansnﬁtting ‘device, “a ‘rider
threaded to “said ‘shaft ‘for ‘movernent thereby
in‘ore ‘direction the otheér-in accordance: with
tHe “direction "in Which the 'shaft ‘is: driven, “a
series “of ‘switéhing ‘devices disposed “along the
path ofisaid fider, a° sw1tch1ng device actuating
‘niemiber ‘¢arriéd by ‘the ‘rider, said rider .acting

medium forming -a: signal storage séction: of vari- 75 in ‘its movemerrts “to “operatively assocxate said
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member with the switching devices one at a time
as the number of signals in storage reach pre-
determined levels, and a cam on said shaft
operable through said member to actuate
the switching device with which the member
is associated upon delivery to the storage of
an additional signal combination.

92. In a telegraph system, in combination, a
group of message receiving and storing relay
units, each having a signal recording device, a
signal transmitting device, and a signal carrying
medium forming a signal storing section between
said devices, a level switcher including a series
of switches for each relay unit, means for actuat-
ing the switches progressively in accordance with
the number of signals in storage in the storage
section of the relay unit, and means controlled
by said level switcher for determining the avail-
ability of said relay units for the receipt of mes-
sages.

93. In a telegraph system, in combination, a
group of message receiving and storing relay
units, each having 2 signal recording device, a
signal transmitting device, and a signal carrying
medium forming a signal storing section between
said devices, a level switcher including a series
of switches for each relay unit, means for actuat-
ing the switches progressively in accordance with
the number of signals in storage in the storage
section of the relay unit, a solicitor for assigning
said relay units selectively for the reception of
successive messages, and means controlled jointly
by said solicitor and said level switcher for de-
termining the particular relay unit to receive
each message. -

94. In a telegraph system, in combination, a
group of message receiving and storing relay
units, each having a signal recording device, a
signal transmitting device, and a signal carrying
medium forming a signal storing section between
said devices, a level switcher including a series of
switches for each relay unit, means for actuating
the switches progressively in accordance with the
number of signals in storage in the storage sec-
tion of the relay unit, a solicitor for assigning said
relay units selectively for the reception of succes-
sive messages, and circuits controlled by said
switching devices for preventing the assignment
of relay units in which the number of signals in
storage exceeds a predetermined level determined
by said level switcher.

5. In g telegraph system, in combination, a
trunk line terminating at a message receiving
and storing relay unit, means for transmitting
over the trunk line a series of message signals
preceded by a plurality of test signals, means at
the relay unit for receiving the signals and
recording them on a storage medium, feeler
mechanism operative to sense the test signals
recorded on the medium and to condition the
relay unit for the reception of the message signals
in the event that the test signals are properly
recorded, a second feeler mechanism for sensing
the message signals recorded on the medium, and

signal transmitting means controlled by said sec- - §;

ond feeler mechanism.

96. In a telegraph relay mechanism having an
incoming trunk line over which signal combing-
.tions may be transmitted, the combination of a

storage medium adapted to contain a succession

of signal combinations, a device arranged to re-
ceive signal combinations transmitted over the
trunk line and to record the same on said stor-
age medium, and means operating under control

of a plurality of stored signals for sending a con-

trol signal back over the incoming trunk line.
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97. In a telegraph relay mechanism having an
incoming trunk line over which signal combina-
tions may be transmitted, the combination of a
storage medium adapted to contain a sticcession
of signal combinations, a device arranged to re-
ceive signal combinations transmitted over the
trunk line and to record the same on said stor-

age medium, a pair of feelers associated with said -

medium and operative to sense successive signal
combinations recorded thereon, and means con-
trolled by said feelers jointly for sending a con-
trol signal back over the incoming trunk line.

98. In o telegraph system, in combination, a
trunk line terminating at a message receiving
and storing relay unit, means for transmitting
over the trunk line a series of message signals
preceded by a plurality of test signals, means ab
the relay unit for receiving the signals and
recording them on a storage medium, feeler
mechanism operative to sense the test signals
recorded on the medium and to condition the
relay unit for the reception of the message
signals in the event that the tfest signals are
properiy recorded, a second feeler mechanism for
sensing the signals recorded on said medium, a
signal transmitter, and means for placing said
transmitter under control of said second feeler
mechanism after the last test signal has been
sensed thereby.

99. In g telegraph relay mechanism, in com-
bination, a signal receiving and recording device,
a signal transmitting device, a traveling signal
carrying medium forming a signal storage sec-
tion of variable capacity between said devices,

5 means for transmitting to said first device a series

of message signals preceded by a plurality of test
signals, means in the first device for recording
all of said signals on the medium, and means in
the transmitting device controlled by the rec-
orded signals operative to transmit only the
message signals.

100. In g telegraph relay mechanism, in com-
bination, a signal receiving and recording device,
a, signal transmitting device, a traveling signal
carrying medium forming a signal storage sec-
tion of variable capacity between said devices,
means for transmitting to said first device a
series of message signals preceded by a plurality
of test signals, means in the first device for
recording all of said signals on the medium,
means for counting only the message signals
recorded on said medium by the recording de-
vice and delivered to said storage section, and an
indicator controlled by said counting means.

101. A selecting apparatus having, in combin-
ation, a series of individually movable elements,
a series of code bars normally positioned to block
said elements, means for setting said code bars
in a combination to selectively unblock a pre-
determined group of elements, latch means in-
dividual to each element of the group operative
to hold the associated element in a retracted posi-
tion, and selectively operable means for with-
drawing the latch means to release one of the
unblocked elements for movement.

102. A selecting apparatus having, in combin-
ation, a series of individually movable elements,
a switching device associated with each element
and operable incident to the movement of the

- element, a series of code bars normally positioned

to block said elements, selectively operable means
for setting said code bars in a combination effec-
tive to unblock a predetermined group of ele-
ments, a latch associated with each element act-
ing to hold the element in a retracted positiion,
a solenoid for each latch operable when energized

a
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~to withdraw-the.lateh, and:means far. energizing
-said .solenoids selectively to .release.one .of .the
unblocked elements for movement :and thereby

effect. operation of the associated switching de- -

vice.

103. In a telegraph system,.in.combination, .a '

plurality of groups of message storing relay units,
means .in -each relay unit for relaying. stored
messages,. & control.device.associated. with each
.group of units.operable to determine the order
of operation of the message relaying. means:of
the units of the group, and. means . operable .to
determine the order of. operation. of.said. control
devices.

104. In a telegraph .system, in.combination, a .

plurality of groups of message storing.relay units,
means .in each relay unit for:relaying  stored
-messages, a control. device -associated with each
.group of units operable to determine the. order.of
operation of the messags relaying.means.of the

:10
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units of the group, interlocking ;means inter-"

-connecting sald control devices .operative to pre-
vent operation . .of .more than:one control device
at a .time, and.means .included .in..said inter-
locking means for .giving .the control devices
preference. in-a- predetermined sequence.

105, In.a.telegraph system, a first.group. of re-
lay units: for storing. messages of one class, a sec-
ond group.of relay units.for storing messages. of
ancther. class, :a control device, for.each group

80

operative to determine. the order .in .which the

stored messages are relayed from.the,units of the
associated group, and means.interlocking .said
control devices to prevent operation: of the control

device.of the:second group while any-unit of the y

first.group .has a stored message waiting to be
relayed.

106. :In a telegraph system,a first group of relay
units. for storing.messages. of ;one.¢lass, a second

group of: relay units for storing messages.of an-.

other class, a third group of relay units:for.storing
messages of still another class, a control device for
each group -operative to determine .the order in
which the stored messages.are relayed from the
units of the associated group,.and.means inter-
locking -said control. devices: effective to prevent
operation.of the control-devices of the second-and
third group while any unit. of the first group has
-a-stored.message waiting to be relayed-and to pre-
vent operation of the control deviee-of the third
.group while any unit of the second group has a
stored message waiting to be relayed.

107. A telegraph relay mechanism having, in

combination, a movable storage medium, a device
for receiving the simultaneously transmitted ele-
ments. of o code signal combination and for re-
cording the same on said medium, a transmitting
device controlled by the recorded signal combina-
tions for transmitting the elements.of each signal
In suceession, means for advancing .the, storage
-medium at high speed relative .to said.receiving
and storing device, and other means for advanc-
Jng the storage medium at a substantially lower
.speed .relative to.said transmitting .device, the
portion of the medium between said devices con-
stituting a signal storage .section.of .variable ca-
.pacity effective to.compensate. for the differences
in speed. of the. advance. of the: meédium relative
.to the devices.

168, In a telegraph-system:in.which the.mes-
-sages transmitted .from -originating .stations .to
.an exchange.each includes an address signal des-
ignating -the -station for. which the message is
intended, aclass.signal indicating the.order. of
~preference. to which: the message-is.entitled and

15

s
-said. mechanism .including a plurality of multi-
-contget switches, one for.each of said.paths, a
..shiftable control bar for each switch, means yield-
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-a,plurality .of signals constituting the body.of.the

.message, means at the exchange for receiving. all

-of said signals, and means at the exchange opera-
-tive automatically -to route each message to the

station designated by the address signal and in

.the crderindicated by the class signal.

149, . The combination with.signal transmitting

.means, of a selecting mechanism for determining
-the path over which signals are to be transmitted,

said mechanism including . .plurality. of multi-

.contact switches, one for.each of said .paths, -a
-shiftable control bar for each switch, means yield-

-ably. urging said control bars toward switch. clos-

-ing positions, a.latch for each control bar nor-

mally operative to hold the bars in switch opening

~positions, .and  electrically - operated means for
rwithdrawing said latches selectively to release the
:bars to the action. of said yieldable means.

.140..The combination with signal transmitting
means, of g selecting mechanism for determining
:e-path over.which signals are to be transmittéd,

ably urging said control.bars.toward switch.clos-
ing. positions, a latch for.each control bar nor-
mally eperative to held the bars in switch opening
positions, an electro-magnet associated with each

-latch-and. operative when. energized.to withdraw

the latch and thereby release the bar to the.action

.of said.yieldable means, means for.energizing. said

electro-magnets selectively, and power . actuated

.means for returning . released .confrol bars to
- switch: .opening position.

.111. In a telegraph.apparatus, in combination,

. means:for. storing:groups: of signal combinations
.representing messages in mechanical form, trans-

mitting: means controlled by the..stored. signal

-.combinations of each: group for transmitting each
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message .over one.of :a. plurality . of transmission
paths to:the same -ultimate address as . deter-
mined.by. directing -signal combinations included

~-with-each :message, means including relays adapt-

ed--to -be energized selectively .to .determine. the
routing. of each message to.-its ultimate address,
feeler mechanism for feeling .the .stored .signal
combinations, and circuits. controlled.by-said feel-
er .mechanism -for energizing said.relays-under
control of one of the stored. signal combinations
of each group.

112.,In.a telegraph system, in combination, a
group of message receiving-and storing devices,
means associated with each device for. indicating

.the storage level of -the:device, a level switcher
55.
.indicating means. for blocking the further recep-

commeon . to said .devices and controlled .by said

tion of -messages by..devices. having.a predeter-
mined. storage level, and means operative.when-all
of the devices. below said predetermined storage

Jevel.are-busy for temporarily unblocking the de-
.vices above the predetermined level.

.113..In an.automatic telegraph.system, in com-

. bination, a first.group.of message.receiving and
. storing. devices, .a..second ,group .of ..message .re-

ceiving and storing devices accessible to said first

- group for the transfer of messages thereto, means

for determining-the order. of use.of the.devices

:of the second,group including.means associated
-with-each.device of the second group for.indicat-

ing.the storagelevel of the device, a level switcher

~controlled. by. said indicating .means .for..deter-
-mining the indicated level:at which the devices are

to.be - temporarily blocked.from receiving :mes-

v -sages, distributing. means. controlled. by.the.level

switcher operative .to direct messages.to:.the un-~
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‘ blocked devices, and level shunt mechanism oper-
ative when all of the unblocked devices are in use
for modifying the action of said level switcher
so as to temporarily unblock the devices above
gaid indicated level.

114. In 3 telegraph system, in combination, a
relay unit having means for receiving signal com-
binations and for recording them on a storage
medium of predetermined maximum capacity, a
transmitter operable to transmit signal combina-
tions to said receiving means, control means as-
sociated with said relay unit normally operative
when the signal combinations in storage approach
the maximum capacity of the storage medium for
interrupting the operation of the transmitter, and
means associated with the transmitter operative

" when the full storage condition at said relay unit
occurs substantially at the end of a message for
preventing interruption of the operation of the
transmitter.

115. A system of telegraphy including an in-
coming path of transmission, a storage means, a
selector and recorder actuated by impulses over
said path to store upon said means groups of code
combinations comprising messages, means con-
trolling the advancing of said groups of code com-
bination through a transmitter, other means for
controlling the advancing of said storage means
in unrecorded condition past said recorder, and
instrumentalities to place 2 condition upon said
path to prevent transmission thereover during
said advancing.

116. A system of telegraphy including a re-
mote transmitter for sending code combinations
an incoming path of transmission, a storage
means, a selector and recorder actuated by im-
pulses upon said path to store upon said means
groups of code combinations comprising mes-
sages, means controlling the advancing of said
groups of code combinations through a trans-
mitter, other means for controlling the advanc-
ing of said storage means past said recorder, and
means to transmit back to a remote station upon
said path a signal condition to hold said trans-
mitter at said remote station idle during opera-
tion of said other means.

117. In a telegraph system, a storage unit ac-
cessible to a source of telegraphic transmission,
means for preceding massage transmission to said
unit from said source by check transmission, and
means actuated by correct reception of the check
transmission to initiate message transmission.

118. In a telegraph system, a storage unit ac-
cessible to a source of telegraphic transmission,

means for preceding message transmission to :

said unit from said source by check transmisston,
and means actuated by incorrect reception of the
check transmission to set up a condition prevent-
ing initiation of message transmission.

119. In a telegraph system, a storage unit ac-
cessible to a source of telegraphic transmission,
means for preceding message transmission to said
unit from said source by check transmission to
said unit, means actuated by incorrect reception
of the check transmission to establish a signal
designed to indicate to attendant personne] lack
of a correct reception of the check transmission.

120. A system for the direction of telegraph
messages comprising means whereby all messages
arriving over one or more incoming lines are pri-
marily stored, means whereby messages are re-
transmitted from said first storage means to sec-
ondary storage means ranked according to
urgency of the respective messages, an outgoing
line to which certain of said messages are di-
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rected, and control devices operable to send
messages of urgent rank from said secondary
storage devices to said outgoing line, and to send
messages of less urgent rank to said line only
when no messages of higher urgency rank are
in secondary storage.

121. A plurality of telegraph channels termi-
nating at a central switching point, message stor-
ing apparatus for messages incoming over said
lines, means for directing said messages to por-
tions of said storing apparatus according to the
relative urgency of messages, means for deriving
and sending messages directed to a particular
point from said storage apparatus including
means for preventing the derivation of messages
of lower urgency until all messages of higher
urgency have been transmitted, and means au-
tomatically sending stored messages of lower
urgency at such times as no messages of higher
urgency are available.

122. In a telegraph system, means for storing
message matter in a group of message storing
units in combination with automatic means se-
lecting one from one or more others of said units
for storage of a particular message inversely in
accordance with the quantity of message matter
stored therein at the time of selection.

123. In a telegraph system, means for direct-
ing a message automatically to a group of stor-
age devices in combination with means con-
trolled by the quantity condition of storage of
said devices for selecting one thereof to which
the message is directed.

124, In a telegraph system, means for combin-
ing signals of address with a series of message
signals constituting a message, directive means
operated in accordanec with the signals of ad-
dress, storage means to which said signals of ad-
dress may control said directive means to direct
the message and other means controlled by the
location in said storage means of message mate-
rial already in storage to determine a path over
which the signals of address of a particular mes-
sage will direct a message towards its ultimate
destination of address.

125. In a telegraph system, means for direet-
ing a message automatically to a group of stor-
age devices in combination with means controlled
by storage in said devices to assign the message
to a device of said group having none or lesser
storage in preference to one having some or
more storage.

126. In a telegraph system, means for directing
a message automatically to a group of storage
devices in combination with means controlled by
storage in said devices to assign the message to
a device of said group having none or lesser
storage in preference to one having some or
more storage, and directing means conditioned to
ultimately direct successive messages to an ad-
dress designated by address material designat-
ing an identical address stored with the succes-
sive messages regardless of the particular one of
said group of storage devices to which they are
assigned.

127. A system of telegraphy comprising means
for directing messages, including as a part there-
of address designations, with different routings
dependent upon preceding class designations en-
tirely separate from address designations but
accompanying and incorporated with the mes-
sages in combination with means for directing
messages lacking correct class designations ac-
cording to a selected one of said routings.

128.In a telegraph system, a unit receptive
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.0 .permutation -code comprising .permutated
-marking and spacing conditions, g sending device
-having access to said unit for sending message
material, means for sending all marking and all

spacing codes - as a check upon said unit and

-an interveuning channel of transmission, means
responsive to correct reception of said codes by
said unit to send back toward said sending de-
-vice a signal indicative of said correct reception,

;and means associated with sending device re-:

-sponsive to said signal.

129. In a telegraph system, a unit receptive to
.permutation code comprising permutated mark-
.ing and spacing conditions, a sending device hav-

ing access to said unit for sending message ma- ;

Jerial, means for sending all marking and all
spacing codes as a check upon said unit and
an.intervening channel of transmission, means
responsive o correct reception of said codes by

.said unit to send back toward said sending de~

vice a signal indicative of said correct reception,
and means asscciated with said device responsive
to said signal to automatically initiate transmis-
sion from said device.

130. In a telegraph system, a unit receptive to
permutation. code comprising permutated mark-
ing and spacing conditions, a sending device hav-
ing access to said unit for sending message ma-
terizl, means for sending all marking and all
spacing codes as g check upon said unit and an
intervening chanmnel of transmission, means re-
‘sponsive to incorrect reception of said codes by
-said unit to send back toward said sending de-
vice a signal indicative of said incorrect recep-

tion, and means associated with said device con- 3

ditioned by said incorrect reception to lock-said
device into a non-transmitting condition.

131. In a telegraph system, a storage unit ac-
cessible to a source of telegraphic transmission,
-means for preceding message transmission from
said source by check transmission consisting of
a selected sequence of permutation codes, means
‘responsive to and determined by correct or in-
correct reception of said selected sequence of said
selected codes to initiate or prevent initiation of
message transmission to said unit.

132. In a transmission system, having permu-
tatively closable transmission contacts, means for
‘permutatively closing said contacts, and power
driven switch means operable in synchronous re-
lation to said contacts and in series eircuit there-
with for closing just-after said contacts are closed
:and opening just before said contacts are opened.

133. In a telegraph system, a storage device

‘having. storage means of limited capacity, means 5

for -transmitting successive messages ‘into said
:storage means, a storage control on said device
operable by storage above a certain amount, an-
other storage device, and means for transferring
subsequent messages received while the storage
means of said first-named storage device remains
.above, said amount to said. other storage device.

134, In s telegraph system, storage units for
messages having storage means of limited capac-
ity, means for transmitting successive messages
into said storage units, each message being fol-
lowed by an end-of-message signal, storage con-
trol on said units operable by a given duantity of
message material in storage in any one of said
units to render said unit unavailable for storage
of further messages, said storage confrol per-
mitting continuation of storage of a message be-
ing stored until storage of an end-of-message
.signal.

:135. A -system comprising : sources .of : signals -
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- comprising ;message:codes:combined-with-onecr

more :accompanying -message .directing . codes,
storage means for said:signals,.means selectively
-controllable:by .and.in accordance -with relative
fullness of storage of said means:for:determin-
‘ing .in -which :of : said. storage  means .subsequent
message codes are. stored, .and .selective means
-:operable by: message:directing codes: after:storage
-$o0:direct:any given message to.a.given:destina-
tion.determined solely by ifs accompanying des-
tination code:.or:codes:independently:of:the one
-said:storage means in which it is:stored.

136. In a system. of telegraphy including:an:in-
coming ‘channel -of transmission comprising:a

:source of signals to be stored, a code storage.de-

vice for.said. signals, means actuated .by aigiven

quantity of ‘message material stored therein,. a
-control :operator’s .position located . 'separatély

from said device, and:means operable by actuation

-of said means to.indicate: storage of ‘said :given
“quantity : of ‘message material atsaid: operator’s

position.

137. ‘A system for automatic ‘directicn of: tele~
‘egraph messages including storage devices, means
selectively .controlled by message directing ‘codes
incorporated:with:messages for-selecting a:group

. of said devices,.and solicitor means for exclusively

approvriating one.of said:group for-each particu-
‘lar message said solicitor means comprising:a plu-

srality :of  movable-elements, one for each-of said

group of storage devices; means-incident to move-
‘ment; of one of. said :elements for appropriating
one ‘of . said:group-of storage :devices, and other

‘means incident to movement of said: elements’for

estopping movement of all the other elements.
138."A 'system .for.automatic:direction of. tele-
graph messages from one point to'another com-
prising a;plurality of storage-devices, each of said
devices-having a storage medium and means for
storing groups of codes therein, means associated
with said:storage devices to.incorporate with the
outgoing  messages, one or:more path -selecting

~ codes not derived from said storage medium, said
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‘codes being characteristically different for dif-

5 - ferent of said-devices, and means operable by and

in accordance with:the path- selecting codes to
-determine ‘a path .of transmission for the.-mes-
sage.

139. :A-system for automatic direction-of:tele-
graph messages comprising a plurality of storage
devices, .each: of said devices:having :a "storage
medium,. means for :storing message groups of
codes therein, means associated with said storage
devices:to incorporate with outgoing messages in
definite relation: thereto one or more codes other
than:all blank codes which:are not derived from
the associated storage medium, a plurality of se-
lectable channéls of transmission, and means. op-
erable under control of said one or more other
codes to select: between said channels.

140, A system for automatic direction:of tele-
graph messages comprising & plurality of storage
devices: for storing: certain sequences of message
codes, means associated with said storage devices
for transmitting. said message codes, and. means
associated with said devices for-preceding each
group of codes constitiiting a ‘message with codes
characteristically ‘different for ‘different of said

- devices.

.141. A system comprising a group of storage:de-
vices each having & storage medium. upon which
message code groups-are stored, each:group com-
prising- an ‘address. portion,’ a: body ~portion and
-anend-of<message: portion in:the .order named,
transmitting. means: for:supplying said-groups:as
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messages over an ouigoing channel common to
said devices, and means associated with each de-
vice to incorporate with each message group non-
stored codes selectively different in the case of
different devices.

142, The method of directing messages which
are stored in transit in the form of message codes
together with stored directing codes, which com-
prises incorporating with message codes and in
definite relative order with respect thereto a code
combination adapted to direct it selectively to
certain storage means in preference to other stor-
age means, utilizing said code combination for
such selective direction and losing it incidental to
such utilization, and reincorporating said code
combination and retransmitting it in said definite
relative order with respect thereto incidental to
further transmission of message material under
control of stored message codes.

143. In combination, means for directing mes-
sages to a group of message storers, storage level
indicators associated with said storers, means for
preventing storage in a unit when said indicators
associated with other units show a lower level of
storage, and means for rendering said preventing
means temporarily ineffective when all message
storers are indicated above a certain storage level.

144, In combination, a storage device, means
effective under control of certain fullness of stor-
age conditions thereof to prevent initiation of
storage of an additional message therein, and
means effective to permit the continuation of
storage of a message initiated before said fullness
of storage condition is reached for a time after
said fullness of storage condition is reached.

145. In o telegraph system, a storage device
provided with means contrclled by a certain full-
ness of storage thereof for preventing initiation
of storage of a message, means for permitting
storage of a message to continue under such con-
dition, and means for preventing any further con-
tinuation of storage at some still greater fullness
of storage condition.

146. In combination, a source of incoming sig-
nal code combinations, a medium of storage of
said signal code combinations, means for trans-
mitting signal code combinations out of storage
therefrom, an attendant’s position located sep-
arately from said medium, a means controlled by

storage in said medium of an undesirably great 3

number of code combinations, and means for in-

dicating at said attendant’s position the existence

of such great number in said storage medium.
147. In a telegraph system, a message storer for

storing signals in a storage medium, selective :

means for seizing the storer, means having an
available condition permitting seizure of the
storer and an unavailable condition preventing
seizure of the storer, and means operable by an
available supply but less than a given amount of
said medium for conditioning said means to an
unavailable condition.

148. In a telegraph system, a message storer
for storing signals in a storage medium, selective
means for seizing the storer, means having a busy
condition permitting seizure of the storer, means
having an available condition permitting seizure
of the storer and an unavailable condition pre-
venting seizure of the storer, means operable by
an available supply of less than a given amount
of said medium for placing said means in the un-
available condition, and means for permitting the
continuation of storage in said storer when al-
ready seized even when said available supply of
said medium is below the given amount.
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149. In combination, a message storage device,
means controlled by the presence of less than a
given amount of storage medium to prevent
initiation of storage of an additional message
therein, and means effective to continue storage
of a message whose storage is initiated before the
fullness of storage condition which prevents
initiation of storage is reached.

150. In combination, a selectably seizable mes-
sage storing device, means controlled by a code
message address accompanying a message for
seizing said device and initiating storing of the
message thereby, a supply of storage medium for
the storage of messages by said device, and means
controlled by a predetermined smallness of said
supply to prevent seizure of said device for initia-
tion of storage of a message.

151. The method of relaying telegraph messages
which include an address portion, a body portion,
an end-of-message portion and another portion
distinct from each of the three foregoing por-
tions which comprises receiving and temporarily
storing messages at a point intermediate between
the message originating point and the points of
address, directing the messages over different
routes in accordance with the said other portion
of each message, and directing the messages to
stations of address in accordance with the address
portion of each message in such manner that
every message with an identical address reaches
the identical ultimate destination even though
routed over a different path in accordance with
the said other portion.

152. A system for automatic direction of mes-
sages of the type whereof each message consists
of code combinations comprising a body portion
Or message proper, one or mote code combinations
designating an address, one or more code com-
binations comprising an end-of-message signal
and one or more other code combinations com-
prising routing information, having a plurality
of paths over which a message may travel in
transit between one point and another point,

., means selectively operable by the address code

combination or combinations, and other means
selectively operable in accordance with the rout-
ing information code combination or combina-
tions whereby a message directed to a particular
address is routed toward said address over one
of said plurality of paths.

153. In a telegraph system in which messages
are stored, a storage device for storing messages
including channel selecting codes and message
codes proper in mechanical form, means for caus-
ing a message so stored to await a path of further
transmission selectable by said channel selecting
codes, an elapsed time indicator set in motion
coincident to commencement of a period of wait-
ing for a channel by a message stored in said
storage device, and means for resetting said de-
vice upon initiation of transmission of said
message.

154. In a telegraph system including a message
storing device for storing codes representing
messages in mechanical form, selective means for
selectively seeking for seizure a channel of trans-
mission for transmitting a particular stored
message away from said device, means at times
rendering said channel busy incident to its use
for other transmission and thus postponing its
selzure, freeing means for freeing said busy chan-
nel and thus permitting its seizure, a timer, means
for initiating an indication of elapsed time upon
initiation of seeking of said channel by said selec~
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tive means; andmeans:for cancelling:said indicas -

tion of“eldpseditime:inecident to.said seizure..
155 Axsystem:forrelaying messages through an

extchange: or switching . point: which comprises:
primary storage devices: for 'storing all messages-

inecoming: to: the: exchange: or: switching  point;

reservoir storage' means:comprising more than'.
one:storage device availdable t0.2 message directed:

to-any parteivlar-address,.and means for trans=

ferring: messages: stored in‘said primary. storage:
devices to said reservoir storage:means, whereby:

accumulatioricof messages.in said primary storage

means is‘prevented regardless of the availability:
of:any transmission path for-a message outgoing:

from:said ‘exchange.:

156} In: a- system: of ‘message  transmission, a-

storage device having:a storage medium in which

a:sequence:of code. combinations are:stored, a.

transmitters for: reldying. currents representing
saidl’codé combinations over a-channel outgoing:
fromssaiditransmitter, means whereby said trans-

mitter . i§- caused to transmit said® currents in.

successive sequences each representing a message;
and eléments individual to said transmitter oper-
ablé inecidental to the transmission of each stored

sequence to transmit with:the sequence an in-:

varigble code which: isin addition to codes stored
in the-storage medium.

157 Inn a- system: of " message: transmission,
assemblages of units wherein -each assemblage
comprises - code’ storage medium and a trans-
nritter: controlled ‘thereby; means whereby-each
transmittér: is: caused’® to' transmit currents

representing the stored codes in:successive se-~

quences each comprising a:'separate message, and
means:operablé incident :to-the operation of the

foregoing = means whereby- certain assemblages :
transmit ahead of each message sequence a codé-

combination: not:stored in’ said medium: which is
characteristically-different-in the case of one unit
than-another unit:

158.: Ifi a-system-of ‘message transmission, as-
semblages of units wherein each assemblage com-

prises-a code storage medium-and a transmitter:
controlléd: thereby, means whereby each trans--

mitter:is caused to transmit currents representing
the - stored' codés in- successive sequences each
comprising a separate message, and means op-
erable incident to the operation of the foregoing
means whereby certain assemblages insert.in pre=~
determined relation to each message :Sequence
currents representing a code.combination which
is characteristically different in the case of dif-
ferents tyansmitters,

159. In.g:telegraph system,. a:telegraph trans-
mitter, aiplurality of channels of-eleéctrical trans-
mission: availdble to convey-current variations
representing: messages: away’ from: said trans-
mitter to receiving instruments at’ points- elec-
trically:removed .from.the . transmitter, selective
mesans for-connecting. said. transmitter to one of
saidichannels selectively, means operable incident
to'suceessive -operations -of. said’ selective means
to'precede message current transmission over said
channelwith transmission-of check current varia-
tionsover the connected channel, receiving means
operated: by said-cheek’ current variations asso-
cigted with' said- receiving: instruments, means
adjacent the transmitter for-registering- the ef=
fectiveness of the connected channel, and means
controlled by the receiving means incident to the
correct reception of said check current variations
to cause said registering means to register.

160. In a telegraph system, a central station,
a plurality of start-stop telegraph channels ter-
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mingting, atsaids central: station; a character
storage:deviceindividual fo-each incoming chan-
nelsfor:storingcharacter signals received there-
over;.a:plurality-of outgoing: start-stop:telegraph

, channels - at - said: central - station;. a.character

storage:: device associated: with: each outgoing
channel, means: for:transmitting. characters by
simultaneous:transmission:from: any of:said first-
mentioned storage: devices to any of:said second-.
mentioned storage:devices: and :means for. trans=
mitting characters from each of said second-
mentionedi storage: dévices:: over: ils: associated
outgoing: channel. .

161;. Inzaxtelegraph exchange: system;, an-office;.
ineontingrandsoutgoing:lines:-terminating-thereat, .
signal:storage devices:associated with:the incom=
inglines;:otherisignal ;storage devices associated .
withthecoutzoing:lines, means:for repeating the
signals:stored-inzone-of: the: storage- devices:as-~

_sociatedzwith incoming lines ‘andfor storing said:

signals in onerof said:other signal:storage-devices
byssimultaneous:transmission-and: means for re=-
peating:singly;.one impulse-at: a:time, the signals-
storeq:in-said: one :0f: said; other: signal. storage:

.. devices over an outgoing:linex

1625 Insavtelegraph -exchange:system, an;office,
antincoming:line and-a plurality-of outgoing-lineg-
terminatingsthereat:and means:including  selec--
tive switching devices:for: repeating by: simultane=

_ous transmission:message: signals: received: over-

said incoming: line - over: one: of - said - outgoing-
lifres;. said: means < operable: at: a- predetermined -
rate: by csignals: transmitted-over said incoming
like: and” a:.second: means -associated with: the.
selected: outgoing: line: operable: in- accordance-
withisignals stored by said: first-named means..
163 Aisystem comprising at least:one:storage
device of a type forcstoring:message codes-under -
control: ofs a: simultaneous™ transmission: path,

_andyat: least:one storage: device: of a- type- for

storing:message:codés under-control of-a:sequen-

tial:transmission: path;. an: outgoing:simultane-

ousandanoutgoing sequential transmission path,

and’ selective: means: for: interchangeably trans-

mittingzmessages from:a; storage device of:-either:
type: toramoutgoing: transmission: path of either:
type:

1847 Axtelegraph- systenr including-a- storage-
cortrolled: transmitter: for storing: coded: mes-
sagesitogether:with+direeting codés; channels of
transmission: leading: from: said- transmitter;
selésting means:associated with:the transmitter
for-control ‘by: directing: codes to:cause 2 given
message-t0 proeeed over one of said channels.
toward a sbtation of addfess; means whereby a:
plurality- of said chiannels: are- selectable as a
group by ‘a given-address: codé, a Dbreassigning
switchassociated with-said plurality of channels
whereby an-idlé-one of them is: preselected’ for
use: and  means-operable-upon the-execution of
a selecting operation-by ‘said given address code:
to-utilize the preselected‘channel.

165¢ A’ telegraph systém  including a storage
contiolled transmitter- for- storing coded- mes-
sages-together-with directing codes, channels of
transmission- leading~ from' said transmitier,
selectinig ‘means- associated with the transmitter
for control’ by directing, codes to- cause .a given
message to: proceed over -one of said channels to-
ward a station of addfess, means whereby a plu-
rality of said channels are selectable as a group
by a given address code, and a preassigning
switch associated with said plurality of channels
whereby: an idle one of them is preselected for
use.
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166. In a telegraph switching system, a plu-
rality of outgoing channels, a preassigning switch
associated with said channels operative to pre-
assign one thereof out of any idle of said chan-
nels for use upon initiation of a succeeding trans-
mission directed to said channels, a plurality of
storage type transmitters, and means operable
incident to association of one of said transmitters
with said plurality of channels to initiate trans-
mission by said transmitter over the preassigned
channel.

167. In a telegraphic switching system, a plu-
rality of paths or channels of transmission, a
preassigning switch associated with said chan-
nels and operative to constantly preassign one of
said channels for use, a telegraph transmitter
including sensing means for stored signals, stor-
ing means for storing signals in the form of codes
to control the operation of said transmitter, and
selective means associated with said transmitter
operative under control of channel selecting codes
common to all of said channels included in the
storing means whereby operation of said select-
ing means selects and connects to said transmit-
ter the one preassigned channel.

168. In a telegraphic switching system in which
messages are automatically directed to paths or
channels of transmission in accordance with ad-
dress codes preceding the messages, a group of
paths or channels of transmission, a plurality of
selectors each operative under control of address
codes to seize paths leading to all channels of
said group, availability means operative to make
each of said channels available when idle, and
preassigning means operative independently of
any selection to constantly preassign one out of
the idle of said channels for use upon the next
operation of any of said selectors.

169. A system for relaying messages through
an exchange or switching point which comprises
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primary storage devices for storing all messages -

incoming to the exchange or switching point, spe-
cific outgoing transmission paths over which spe-
cific messages proceed from said exchange, res-
ervoir storage means comprising more than one
storage point available to each primary storage
device for any one of such specific messages, and
means for simultaneously transferring more than
one message stored in said primary storage de-
vices and intended for one specific outgoing path
to said reservoir storage means, whereby accu-
mulation of messages in said primary storage
means is prevented regardless of the availability
of any outgoing transmission path for a message
outgoing from said exchange.

170. In a system for relaying messages deliv-
ered to or incoming to an exchange or switch-
ing point, initial storage devices for incoming
messages, outgoing channels for transmitting
messages out of said switching point or exchange,
and means for reducing delay of messages for a
given outgoing channel in said initial storage de-
vices by an earlier stored message or messages
for another outgoing channel or channels which

is or are temporarily unavailable, said means in-

cluding a plurality of storage means capable of
simultaneously accepting a plural number of
messages directed to one given outgoing channel
from a plurality of any of said initial storage de-
vices, and transmitters for sending said accepted
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messages from said plurality of storage means to
their outgoing channel one after the other,
171. A telegraph system comprising incoming
channels of transmission, outgoing channels of
transmission and automatic switching means

‘operative under control of preference indicating

code combinations incorporated with certain
messages to cause their transmission over out-
going channels ahead of other messages not hav-
ing preference indicating code combinations in-
corporated therewith.

172. A telegraph office having storage means
for initially storing messages to be transmitted
therefrom, outgoing channels for transmission of
such messages, one or more priority paths and
one or more non-priority paths leading from
said storage means, means for preventing trans-
mission of a message over a non-priority path to
or toward a given outgoing channel so long as a
stored message directed to said channel is stored
in another means of initial storage and awaiting
transmission thereto over a priority path, and
switching means operable by and in accordance
with information incorporated with messages to
direct messages from said storage means over pri-
ority or non-priority paths.

173. In an exchange or switching system, a plu-
rality of telegraph transmitters, a plurality of
outgoing channels, switching means automati-
cally operable in accordance with and under con-
trol of different classes of messages for extend-
ing a path from one or another of said transmit-
ters over alternative roufes dependent upon the
class of a given message.

174. In an exchange system, a plurality of
telegraph transmitters, a plurality of channels,
switching means for extending any one of said
transmitters to a path of transmission from one
of said channels over alternative routes, means
whereby the messages transmitted over one class
of route to an outgoing channel invariably take
precedence over messages transmitted over the
other class of route to said channel, and means
operable automatically under control of coded
information incorporated with each message to
select a route of one or the other of said classes.

HOWARD D. COLMAN.
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