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This invention relates to a communication system, and
more specifically to such system for transmitting and/or
receiving in parallel at one time the digital data con-
stituting each entire message.

It is well known in the computer art that messages
comprising digital data are processed at microsecond
rates at the transmitting and receiving terminals. In one
instance, the discrete digital data of such messages are
transmitted between terminals one datum at a time at
a high speed on a single transmission circuit on a time
division basis. In another instance, it may be desirable
to transmit the digital data of such messages on transmis-
sion circuits extending between the terminals and adapt-
able for transmitting messages in other than digital form
on other occasions, but not suitable for handling the
digital data messages at the high speed. Therefore, the
present invention contemplates facilities for simultane-
ously transmitting in parallel all digital data constituting
an entire message between geographically spaced data
processing terminals at a speed below the speed at which
the digital data are processed in the respective terminals.

It is the main object of the present invention to trans-
mit all digital data constituting a single message at one
time on a plurality of discrete transmission circuits on
the basis of one datum for each circuit.

It is another object to transfer all digital data forming
a complete message on a plurality of transmission cir-
cuits connecting two data processing terminals at a speed
below the speed at which the digital data are processed
in the respective terminals.

It is a further object to use the same transmission cir-
cutts for transmitting digital data messages in opposite
directions between two geographically spaced data proc-
essing terminals, | |

-In association with a plurality of geographically spaced
terminals for processing digital data in the form of binary
digits or bits at a high speed, a specific embodiment of
the present invention comprises transistor resistor logic
facilities at each terminal for gating in parallel at a micro-
second rate a plurality of bits constituting a complete
message and received at one time from one of the ter-
minals, each facility gating one bit, a plurality of electro-
magnetic relays at each of the terminals for recording
the complete message at one time on the basis of each
relay recording one bit under control of one logic facility,
a plurality of transmission circuits connecting the termi-
nals, each circuit having one end connectable to each
relay at each terminal, and supervisory control apparatus
for connecting the circuits between two preselected ter-
minals in such operative relation that the bits of the

complete message at one of the preselected terminals
are recorded in parallel at one time in the plurality of
relays associated therewith and thereafter the bits of the
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completely recorded message are transferred in parallel
at one time to the other terminal of the two preselected
terminals at a speed below the high speed of the bit
processing at the terminals on the basis of one bit per
circuit for recording in parallel at one time in the plu-
rality of relays associated with the other terminal. The
supervisory apparatus restores the system to the idle
condition upon the completion of the transfer of the
message from the one to the other of the two preselected
terminals, | -
In addition to the above-noted connection for inter-
terminal communication, the supervisory apparatus pro-
vides connections for intraterminal communication at
certain terminals as an aid to trouble shooting thereat,
as well as permitting local communication therein.
Transistor resistor logic enables each data processing
terminal to record the plurality of bits of each message
in paralle] at a microsecond speed in the plurality of

- flip-flops associated therewith. The plurality of bits are

20

thereafter recorded in the plurality of relays at each ter-
minal and then transferred in parallel at a millisecond
speed to the plurality of relays associated with the data

~ processing terminal to which the message is to be trans-
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In one aspect, the invention contemplates a main data
terminal for transmitting and/or receiving data bits, and
two distinct terminals for transmitting and/or receiving
data bits. An interface associated with the main ter-
minal controls the connections therefrom to each of the
two distant terminals in such manner that the main ter-
minal is connectable only to one of the two distant ter-
minals at a given time for the purpose of transmitting
messages in opposite directions through the interface at
that time. Thus, two communication channels are pro-
vided from the interface to the distant terminal, one
channel from the interface to each distant terminal. Each
channel includes a control logic and bit terminal at the
interface, and a control logic and bit terminal at each o
the distant terminals, |

The transmission of a “1” bit in the form of ground
from the interface is represented by a current flow in the
corresponding data transmission circuit to a preselected
distant control logic and bit terminal whereat such cur-

- rent serves to interrupt another ground. This alters a

predetermined electrical condition at the associated dis-
tant data terminal whereby the “1” bit is registered there-
in. The transmission of a “0” bit in the form of a negative
voltage from the interface is represented by no current
flow on the corresponding data transmission circuit to
the preselected distant control logic and bit terminal
whereat such no current flow fails to alter the ground
status at such terminal. This is reflected as no change

in the predetermined electrical condition at the associated
distant data terminal whereby the “0” bit is registered
therein. |

The transmission of a “1” bit in the form of a ground
from a preselected distant terminal is represented by a
current flow in the corresponding data transmission - cir-
cuit to the control logic and bit terminal associated with
the interface for providing a ground in the latter ter-
minal. "This ground alters a predetermined electrical
condition in the interface whereby the “1” bit is regis-
tered therein. The transmission of a “0” bit in the form
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of no electrical change in the preselected distant data
terminal 1s represented by no current flow on the corre-
sponding data transmission circuit. This is reflected as
no c¢hange in the predetermined electrical condition in
the interface whereby the “0” bit is registered therein.
In due course the “1” and “0” bits registered in the
inferface are transmited to the main data terminal.

The supervisory apparatus selects one of two com-
municator channels, A or B, on a random basis in re-
sponse to two different clock pulses for transmitting a
grven message from the main data terminal; and it will
always select an idle channel. Assuming both channels
A and B are idle at a given moment, the clock phases
provide a priority to the selection of channel A. In the
event that both channels A and B should aftempt to
initiate transmission from their respectively associated
data terminals, a choice between the two channels is
made by two different clock pulses. Once a channel is
selected for data transmission, the other channel is in-
hibited. Obviously, the clock phases may be arranged
to provide an equal opportunity of selection between the
fwo channels. -
- In the event of transmission failure involving an in-
complete or incorrect supervisory control, a Time Qut
circuit records time from the start to the finish of each
message so that if a message is not completed within a
prescribed fime, it informs the Automatic and Clear cir-
cuit. This circuit clears and restores the system to the
idle state, and at the same time records one time out.
If this occurs a second time in succession for a given
channel, the Time Out circuit directs the Off Line Con-
trol circuit to remove a particular faulty channel from
service, without impairing transmission on the remaining
channel. Another transmission failure involves the in-
correct receipt of a message. These failures are counted
in a Parity Counter which activates the Off Line Control
circuit to remove the faulty channe! from service for
- trouble shooting, upon the completion of the accumula-
tion of a predetermined number of successive bad
parities. |
. Control of the inifiation of messages is divided be-
tween the interface which controls data transmission
from the main data terminal and the Busy Idle circuit
which controls data transmission from each of the dis-
tant data terminals. | __

A Supervisory Control apparatus monitors the prog-
ress of a message transfer through the system. It re-
sponds to appropriate sequential input signals to produce
appropriate output signals and to advance from state to
state so that specific operations are sequentially executed
to control message transfer within the time allotted to each
message transfer. |

A Time Out circuit initiates a time count at the start
of each message on a given channel and continues it
until the message is completed. If the message is not
completed within a predetermined time interval, the mes-
sage is treated as lost and the system is returned to the
idle state. Bad parity is, however, indicated so that the
terminal may repeat the faulty message at a later time.
This precludes the system from becoming jammed be-
- cause .of a faulty exchange of supervisory signals, or a
temporary (one time out) trouble condition.

A Parity Counter records the receipt of incorrect mes-
sages for each of the two opposite directions of message
transfers so that, upon the attainment of a predetermined
number of recordings for either transfer direction, the
fanity channel is removed from service for the purpose
of trouble shooting. |
~ An Automatic Clear circuit clears and restores. the
entire system to an idle condition, under control of the
Time Out circuit. | -

An Off Line circuit removes a faulty channel from
service without impairing the operation of the operative
channel, thereby enabling trouble shooting on the faulty
channel. |
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A Manual Clear and Test circuit enables the testing
of a faulty channel in regard to the supervisory control
circuits and the data transmission circuits, each inde-
pendent of the other. |

Alarms provide visual indications of faulty data trans-
mission circuits via appropriate lamp circuits.

The invention will be readily understood from the fol-
lowing description when taken together with the accom-
panylng drawing in which: .

F1G. 1 1s a box diagram of a specific-embodiment of
the invention;

FIG. 2 1s a box diagram illustrating the operation of
a portion of FIG. 1; o | |

FIG. 3 is a schematic circuit showing the operation of
a portion of FIG. 1; |

FIGS. 4A through 4D are schematic
various operations of FIG. 3: |

FIGS. 5A through 5H and 5K and 5L are schematic
circuits of several circuit elements used in FIGS. 1
through 4; | |

FIGS. 6A, 6B, 7A, 7B, 8A, 8B and 9 through 32 are
schematic circuits illustrating the embodiments shown in
FIGS. 1, 2 and 3; - |
.. FIG. 33 1s a box diagram illustrating the manner in
which the schematic circuits shown in FIGS. 6A through
32 are to be assembled in operative relation; and

FIGS. 34 through 37 are timing diasrams of the action
obtainable in FIGS. 6A through 32. |

FIG. 1 illustrates generally a data communication sys-
tem comprising a main data terminal 18 and remote
No. 1 and No. 2 data terminals 11 and 12q, respectively.
An interface 12 connected to the main terminal pro-
vides two way signal communication therewith. Chan-
nel A including main control logic and bit circuits 13
for the No. 1 terminal and No. 1 control logic and bit
circuits 14 interconnects the interface and No. 1 ter-
minal for two way signal communication therebetween.
Channel B including main control logic and bit circuits
15 for the No. 2 terminal and No. 2 control logic and
bit circuits 16 interconnects the interface and No. 2 ter-
minal for two way signal communication therebetween.
Preferably, the interface and main No. 1 and No. 2 con-
trol logic and bit circuits 13 and 15, respectively, are lo-
cated in proximity of the main terminal while the No.
I and No. Z control logic and bit circuits 14 and 16 are
located in proximity of the No. 1 and No. 2 terminals,
respectively. o '_ -

- Obvously, either one or both of the No. 1 and No. 2
terminals may be operatively connected to the main termi-
nal 1@ at a given time. Although the interface can
transmit messages in opposite directions simultaneously,
it cannot ‘handle two messages destined for the same di-
rection simultaneously. In other words messages origi-
nating in the main terminal may be transmitted via chan-
nel A to the No. 1 terminal or via channel B to the No. 2
terminal, but not via both channels at the same time,
and vice versa. As the main terminal may {transmit
to or receive from either the No. 1 or No. 2 terminal
a message comprising a large number of bits simultane-
ously in either direction say, for example, 120 bits, the
trafiic of such messages is controlled in a manner that
will be described hereinafter. FIG. 2 delineates in box
diagram form an arrangement for controlling the message
traffic provided only in channel A as shown in FIG. 1.
In this connection, it will be understood that since the
traffic control between the main terminal and either the
No. 1 or No. 2 terminal, that is, via either channel A
or B, is essentially identical, such control as illustrated
in FIG. 2 is limited to message transfer between the
main terminal and the No. 1 terminal thereby constitut-
ing effectively one channel for the purpose of this de-
scription. It will be further understood in FIG. 2 that
since the traffic control for message transfer between the
main terminal and the No. 2 terminal is substantially

1dentical with that described for the message transfer be-

circuits showing
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tween the main and No. 1 data terminals, the description
of the traffic control between the main and No. 2 data
terminals is omitted in the interest of simplification.

Referring to FIGS. 1 and 2, initiation of a message
in the main data terminal or in the No. 1 data terminal
is controlled by a busy idle circuit 19 which selects the
direction of message transfer and activates supervisory
control circuit 20 for controlling message transfer from
the main terminal 10 to the data bit circuits 21. Super-
visory control circuit 20a governs the operation of data
bit circuit 21a and exchanges command signals with the
main control logic circuits 13 during message transfer.
The supervisory control circuit 20 informs the busy idle
circuit of the completion of a message transfer and re-
turns the latter circuit to the idle state. Lamp circuits
28 and 28a provide appropriate lamp illumination or
nonillumination for indicating the operativity or non-
operativity of the respective data bit transmission circuits
per se.

Once a message transfer has been initiated in either
direction in channel A, two failures in transmission may
be encountered. When the first failure, for example, an
mcomplete or incorrect transmission of supervisory con-
trol signals .occurs, a time out circuit 22 is operated to
record time, from the start to the end of each message
transter. If a message transfer is not completed withim
a prescribed period of time, the time out circuit activates
an automatic clear circuit 23 which thereupon clears
channel A and restores it to the idle condition. The time
out circuit further activates off line control circuit 24 to
remove faulty channel A from service. This, however,
will permit the operative channel B to continue message
transfer without interference. An automatic clear circuit
23a and an off line control circuit 244, which are dupli-
cates of the off line control circuits 23 and 24, respectively,
are included in the No. 1 control logic terminal.

When the second failure occurs, for example, the
incorrect reception of a message transfer, parity counter
23 records such incorrect message and at the same time
activates the off line control circuit which thereafter
proceeds to remove the faulty channel A from service
as aforementioned. If, for example, the faulty channel
had been removed because the message in question in-
cluded bad parity (odd number of 1’s whereas an even
number of I's is required for good parity), action is
then taken to determine the cause of the fault. This is
achieved by a manual clear and test control circuit 26
included in the main control logic terminal and an identi-
cal manual clear and test control circuit 264 included in
the No. 1 control logic terminal. As a consequence, the
faulty channel may be cleared and removed from service
with either the main control logic terminal 13 or the
No. I control logic terminal 14, or both.,

Busy Idle Circuit: Control of the initiation of messages
is divided between the interface for the main terminal
and the busy idle circuit for the No. 1 or No. 2 termi-
nal as aforestated. At the start of message transfer in
either direction, the busy idle circuit advances io the
busy «condition and remains therein until the SUPEIVISOry
control circuit 20 or 28a is reset following the co 1pletion
of the transfer. Return of the busy idle circuit to the
idle state is accomplished in such manner that short
term preference is given to the message transfer originat-
ing at the main terminal. This preference is achieved by
inhibiting message transfer from the No. 1 terminal for
two microseconds following the return of the busy idle
circuit to the idle state via preselected clock signals in a
manner that will be subsequently explained.

Supervisory Control Circuit: The progress of a mes-
sage transfer is regulated by an asynchronous and sequen-
tital control circuit 20 at the main logic terminal and
an identical control logic circuit 204 at the No. 1 or No. 2
terminal. This circuit at a particular terminal is activated
by various input signals to advance to such state that

a specific operation may be executed within the message
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6
transfer sequence. A given state may control the opera-
tion of relays, gating of data to the data register, or re-
turning the terminal to the idle condition, or the like,
as hereinafter mentioned.

Time Out Circuit: This precludes the No. 1 or No. 2
terminal from becoming jammed due to a faulty ex-
change of supervisory signals. At the start of a message
transfer, a counter is activated and advanced by timing
signals which occur every 125 milliseconds and reset
by the message termination. The longest possible mes-
sage transfer will be completed within 120 milliseconds.
If the counter advanced three counts (250-375 millisec-
onds) on a specific message before channel A or chan-
nel B went idle, that message would be considered to .
have been lost. In such case a signal is sent to the
automatic clear circuit whereupon the channel at fault
1s returned to the idle condition. At this moment the
time out circuit stores the fact that one transmission
failure had occurred. A successful completion of the
transfer of the next succeeding message, which is sent in
the same direction as that of the previous lost message,
resets the time out circuit. That is, the first recording
of a fault is canceled. If, however, a second consecu-
tive failure occurs in the same transmission direction as
that in which the first mentioned fault happened, then
the time out circuit is activated to send a signal to the
off line control circuit. This circunit thereupon responds
to such signal by removing from service the particular
channel responsible for the two consecutive fault occur-
rences therein. The disparity in time (250-375 milli-

- seconds) as aforementioned is due to the fact that mes-

sages are iniated independently of timing signals. As a
consequence, the counting of three timing pulses could
correspond to two or three of the 125 millisecond timing
intervals,

Parity Counter: This determines continuously whether
a particular first or second transmission path was proper-
ly operative by registering incoming messages. This
counter comprises two discrete counting circuits in each
of the transmission channels, one for each direction of
transmission therein. ‘This counter counts and records
the number of bad parities as above identified. If and
when a full count of four consecutive bad parities is
reached in either one of the two counting circuits for one
transmission direction, such one circuit sends a signal to
the off line control circuit. This circuit will then respond
to such signal by removing from service the particular
transmission channel involved in the four consecutive fault
occurrences. This is not to be construed, however, that
such channel is directly at fault because it may have
happened that the message was initiated incorrectly by
the main terminal or by either one of the No. 1 or No. 2
terminals, or read incorrectly by the particular one of
the latter terminals receiving the faulty message as record-
ed by the parity counter. It does obviously indicate the
existence of a troublesome condition somewhere in the
transmission system involved in the fault recording.
| Due to the possibility of intermittent €ITOrs, occurring
in the system say, for example, by “hits” arising from
extraneous voltages, a parity count greater than one is
required. Any count less than four will be erased by
the receipt of a subsequently good parity count in the
proper path and direction. A parity count of three errors,
for example, at either the No. 1 or No. 2 terminal has
been selected to activate the alarm circuit 27a thereat and
a parity count of sixteen, for example, at the main termi-
nal activates alarm circuit 27 thereat in a manner and
for a purpose that will be mentioned subsequently herein.
The parity count of sixteen was selected for the main
terminal because it shares parity counter 25 with three
other circuits; and hence a cumulative count of sixteen

consecutively bad parities is required to indicate a trouble-
some condition at the main terminal.

Automatic Clear Circuit: This serves to clear either the
No. 1 or No. 2 terminal following a single time out in
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either direction of message transmission. This clearance
returns the supervisory conftrol circuit af either the main
terminal or the No. 1 or No. 2 teminal to its normal
condition depending, of course, on which a particular
terminal was involved in the time out, and thereafter
restores the busy idle circuit fo its idle state. Before
the particular channel involved in the fime out just men-
tioned becomes idle, signals are supplied to the main
terminal and No. I and No. 2 terminal, depending on
which one of the latter was involved, to indicate a termina-
tion of the message transfer which was then taking place.
These signals serve to return the respective terminals to
the id]e state.

When a time out occurs and the system is cleared in
the manner aforesaid, the last-mentioned message transfer
is lost. Since an appropriate supervisory signal is not
availlable for indicating the occurrence of a lost message,
a bad parity signal is transmitted to the main terminal
for alerting the latter of the fact that the message trans-
fer in question, if initiated therein, was nof properly
effected. This will allow the main terminal to retransmit
the message if desired. A second chance option of this
character is not available to either the No. 1 or No. 2
terminal, if the message transfer in question were initiated
therein, because the results of the parity check are not
returned to these terminals. All messages originating in
either the No. d or No. 2 terminal undergo an intratermi-
nal transmission before they are sent out onto the asso-
ciated channel. Both of these terminals are accordingly
provided with built in checks for ascertaining message
correciness before it is sent out onto the associated chan-
nel. In such event, the use of a parity check signal at

either the No. 1 or No. 2 terminal would be superfluous.
| Off Line Control Circuit: As the interface control logic
and bit circuit 12 located adjacent to the main terminal
as shown in FIG. 1 is connectable to both channels A
and B, and since both channels feed into and out of
such interface, it is possible that a troublescme condition
arising in either one of the channels may adversely affect
the operation of the other path. To obviate such possi-
bility, each of the channels is provided with an off line
control circuit whose function is to remove the faulty
- channel from service, and at the same time to send a
permanent busy signal to the main terminal. This in-
hibits the main terminal from selecting the faulty channel
until the latter has been cleared for normal message
transfer. The off line control circuit at the main termi-
nal may be activated by the associated time out circuit,
parity counter, manual clear and test control circuit on
a test error signal received from the No. 1 or No. 2
terminal in a manner that will be later discussed. Such
test error signal serves to indicate at the main terminal
an incorrect intraterminal message transmission at the
particular No. 1 or No. 2 terminal. If a troublesome
condition occurs at either the No. 1 or No. 2 terminal
and maintenance work is to be performed thereat, then
the manual clear and test control circuit 26a thereat is
employed to activate the off line control circuit 24g
associated therewith to disconnect channel A or channel
B from the corresponding terminal as desired. When the
faulty channel is so removed from service, an output
signal from off line control circuit 24a is sent to the
alarm circuit 27¢ which in turn notifies the proper main-
tenance monitor center of such removal. -

Manual Clear and Test Control: This allows the re-
spective first and second channels to be cleared and tested
on a manual basis, particularly the supervisory control
circuits and data bit circuits at the main terminal and
the No. 1 and No. 2 terminals. The testing of the super-
visory control circuits is made when the associated chan-
nel is transferred to the off line state. Appropriate sig-

nals are provided at the respective data terminals to

‘simulate command signals exchanged normally between
the int_e_rfac& and No. 1 and No. 2 terminals. This re-
quires coordination between the terminals so that lamps,
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when used, are illuminated or nonilluminated to indicate
the resuits of such tests, as well as to determine the trans-
mission’ status of a particular channel in the event of a
failure of a test operation in a supervisory control circuit.

Also, appropriate signals are provided to test the opera-
tiveness of data bit circuits 21 and 21a at the main ter-
minal and No. 1 and No, 2 terminals, respectively. This
test i1s performed in two parts, viz: (1) testing of the
odd numbered bits, and (2) testing of the even numbered
bits, 'This enables the location of faulty circuit elements
and the isolation of possible crosstalk problems. A lamp
associated with each bit circuit at the respective terminals
1s illuminated or nonilluminated to provide an indication
of the proper operation of the corresponding circuits.

Alarm Circnits: These serve to provide at a main-
tenance monitor center suitable lamp and audible indica-
tions of the operation of the main terminal, the No. 1
and No, 2 terminals, and the other circuit components
hereinbefore mentioned. |
Referring now to FIG. 3, there is shown in a skelton-
ized form one typical discrete data bit transmission circuit
suitable for two way signal transmission in either channel
A or B of the data transmission circuit shown in FIGS.
1 and 2. Each channel of the system contemplates han-
aling, for example, messages, each comprising 120 dis-
crete bits, each bit being transmitted in the discrete circuit
shown in FIG. 3 whereby 120 bit transmission circuits
are involved. Hence, the circuit shown in FIG. 3 illus-
trates one of the 120 bit circuits constituting each of the
data transmission channels A and B shown in FIGS. 1
and 2. The operation of the single bit circuit shown in
F1G. 3 and as further illustrated in FIGS. 4 and 5, for
operation in both directions of transmission, will now
be briefly described; and it will be understood that the
operation of each of the 120 bit circuits included in each
of channels A and B in the system shown in FIG. 1
operates in a manner that is presently explained. As in-
dicated in FIG. 3, a signal circuit outgoing from the inter-
face comprises a coaxial conductor cable 20 terminated
in the main control logic and bit circuit 13 for the No, 1
data terminal and in the latter circuits an outgoing signal
circuit including AND-NOT gate 32, data register flip-
flop 33, and the operating winding of data register relay
34. This signaling circuit further includes battery 31,
resistor 35, make contacts 36 and 37, transmission lead
38, make relay contact 39, operating winding of relay
40, transmission lead 41, make contact 42 and ground
.453: At the No. 1 terminal, the aforenoted signaling cir-
cuit outgoing from the interface further includes ground
44, break contact 45 of relay 48, series resistor 46, No, 1
data terminal, series resistor 47, and battery 48, the re-
sistors being connected by a twisted conductor pair 49 to
the No. 1 terminal. It will be understood that leads 38
and 41 are a part of a multiconductor cable.

In FIG. 3, a signal circuit outgoing from the No. 1
termmal comprises a coaxial conductor cable 33 ter-
minated at at one end in the latter terminal and at the
opposite end in resistor 52 disposed in the control logic
and bit circuit 14 for the No. 1 data terminal The latter
circuit includes AND-NOT gate 54, data register flip-
flop §5, and the operating winding of data register relay
56. This outgoing signal circuit also includes battery
37, resistor 58, make relay contacts 59 and 60, lead 38,
relay contact 61, operating winding of relay 62, Jead 41,
make relay contact 63 and ground 64. At the majn con-
trol logic and bit circuit 13, this outgoing signaling cir-
cuit further includes ground 65, make relay contact 66,
break relay contact 67 and lead 68 terminating in the
interface, | | |

In the transmission of a signal outgoing from the inter-
face to the No. 1 terminal in FIG. 3, it is initially as-
sumed that an exchange of appropriate SUpEIVISory sig-
nals therebetween as initiated by the interface serves to
close make relay contacts 37, 39 and 42 in a manner that
will be subsequently explained. Now, a data bit assumed -
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in the form of a ground and representing a “1,” for ex-
ample, is transmitted through gate 32 and stored in data
register relay 34 in a predetermined microsecond interval
in the sense that the latter is thereby operated to close its
make contact 36. A negative voltage is now effective n
a series circuit including battery 31, resistor 35, make re-
lay contacts 36 and 37 (both made), lead 38, make relay
contact 39 (made), operating winding of relay 480, lead
41, make relay contact 42 (made) and ground 43. This
voltage operates relay 40. |

In due course, the “bit” ground is removed at the inter-
face whereupon relay 34 is released to termnate the
voltage effective in the aforetraced circuit. As a con-
sequence of the operation and release of relay 34, a
negative voltage pulse is applied to the operating wind-
ing of relay 40 which is thereby caused to operate. This
interrupts break contact 45 which thereupon disconnects
ground 44 from the No. 1 data terminal, and promptly
thereafter relay 40 is released to re-establish the con-
nection of ground 44 via break contact 45. Before the
operation of relay 48, a voltage was effective in a series
circuit including battery 48, resistor 47, lead 49, No. 1
data terminal, lead 49, resistor 4%, break contact 45 and
sround 44. Upon the operation of relay 4%, this volt-
age circuit was interrupted. As a consequence of such
operation and release of relay 4%, a change was made in
the condition of an electric current eflective in the No. 1
data terminal to indicate the receipt thereat of a “1” bit
in a manner and for a purpose that will be subsequently
described. Thus, a “1” bit initiated in the interface is
translated into a negative voltage which is transmitted on
a predetermined millisecond time interval from the main
control logic and bit circuits at the interface to the con-
trol logic and bit circuit at the No. 1 data terminal.
Thereafter, the circuit of FIG. 3 is returned to normal.

When a “0” bit is to be transferred from the interface
to the No. 1 terminal, then no current is effective on the
coaxial cable 30 in FIG. 3 whereupon relay 34 remains
unoperated. As a consequence, no current is transmitted
on the coaxial cable 3& 41 and relay 4¢ remains un-
operated. Hence no change is reflected in the condition
of the current effective in the No, 1 data terminal in a
manner and for a purpose that will be later explained
herein. Thus, a “0” bit initiated at the interface is trans-
mitted on a predetermined millisecond time interval from
the main control logic and bit circuit 13 at the interface
to the control logic and bit circuit 14 at the No. 1 data
terminal. Thereafter, the circuit of FI$. 3 is again re-
turned to normal.

On the other hand, in the transmission of a signal
outgoing from the No. 1 data terminal to the interface
in FIG. 3, it is now initially assumed that an exchange
of supervisory signals therebetween as initiated by the
No. 1 data terminal effects the closing of make con-
tacts 60, 61 and 63 in a manner that will be pointed out
in detail heremafter. Now a data bit assumed in the
form of ground and representing a “1” bit is effectively
transmitted through gate 54 and stored in data register
relay 56 in a predetermined microsecond interval in
the sense that the latter is operated to close its make con-
tact §9. This ground provides essentially a change in
the magnitude of the current available to the operating
winding of relay 56. A negative voltage is now effective
in a series circuit including battery 57, resistor 58, make
contacts 59 and 60 (both closed), lead 38, make relay
contact 61 (closed), operating winding of relay 62, lead
41, make relay contact 63 (closed), and ground 64. This
voltage operates relay 62. |

In due course, the “1” bit ground is removed from the
No. 1 data terminal whereupon relay 56 is released to
terminate the voltage effective in the aforetraced circuit.
As a consequence of the operation and release of relay
56, a negative voltage pulse is applied to the operating
winding of relay 62 which is thereby caused to operate.
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This closes contact 66 to apply ground 65 via contact
67 and lead 68 to the interface, and promptly there-
after relay 62 is released to interrupt the connection to
ground 65. This changes the magnitude of a signal gen-
erated within the interface and thereby effectively trans-
mits the “1” bit from the No. 1 data terminal to the in-
terface which 1n turn fransmits the “1” bit to the main
data terminal in a manner that will be further explained
hereinafter. Thus, a “1” bit ground effected at the No.
1 terminal is translated into a negative voltage which
in turn is changed into a ground which is applied to the
interface for indicating thereat the receipt of a “1” bit
in a predetermined millisecond time interval. There-
after, the circuit of FIG. 3 is returned to normal. Re-
sistors 46 and 47 and 58 are utilized to preclude un-
necessary current drain from batterics 48 and 57, re-
spectively.

When, however, a “0” bit is to be transferred from

the No. 1 terminal to the interface, there is no change in
the current flow to the operating winding of relay 56
which fails to operate. As-a consequence, no current
is caused to flow on the cable pair 38, 41 whereupon
relay 62 remains unoperated. Hence, no change is re-
flected in the magnitude of the signal generated within
the interface in a manner and for a purpose that will
be futrher described below. Thus, a “0” bit initiated at
the No. 1 battery is transmitted on a predetermined
millisecond time interval from the control logic and bit
circuits at the No. 1 data terminal to the main con-
trol logic and bit circuits at the interface. Thereafter,
the circuit of FIG. 3 is again returned to normal.
- In operation of FIG. 3 as above described, the trans-
mission of a “1” bit from the interface to the No. 1
erminal is clearly shown in FIG. 4A, which delineates
the specifically closed circuit therefor, whereas the trans-
mission of a “0” bit in the same direction between the
same terminals causes no change in open circuit condi-
tion of the circuit as shown in FIG. 3. On the other
hand, the transmission of a “1” bit from the No. 1 ter-
minal to the interface is clearly indicated in FIG, 4B,
which displays the specifically closed circuit therefor,
while the transmission of a “0” bit in the same direction
between the same terminals will effect no change in
open circuit condition of the circuit as delineated in FIG.
3. FIGS. 4A and 4B thus illustrate the operation of
FIG. 3 on an interterminal basis. The operation of FIG.
3 on an intraterminal basis is indicated in FIGS. 4C
and 4D in which FIG. 4C shows the closed circuitry
for the operation of the main control logic and bit cir-
cuit 13 at the interface for intraterminal communication
thereat, whereas FIG. 4D displays the closed circuitry
for the operation of the control logic and bit circuit 14
at the No. 1 terminal for intraterminal communication
thereat.

While the foregoing descriptions of the operation of
FIGS. 1, 2, 3 and 4A through 4D illustrate the trans-
mission of a “1” and/or a “0” bit from the main data
terminal to the No. 1 data terminal, and vice versa, via
a single coaxial conductor cable comprising the inner
and outer conductors 38 and 41, and vice versa, it will
be understood that substantially the same operative de-
scripttons .apply to the transmission of each of the 120
bits constituting a given message as above mentioned.

System elements

The transistor resistance logic mentioned in the fol-
lowing detailed description will be understood to be pro-
vided by the circuit elements shown in FIGS. 5A through
5H, 5K and 5L.

A normal AND-NOT or NOT-OR gate comprises a
single transistor stage as shown in FIG. 5A, and a power.
AND-NOT or NOT-OR gate comprises three transistor
stages as illustrated in FIG. 5B.

The outjut of an AND-NOT gate illustrated in FIGS.
5A and 5B is a negative voltage when all inputs thereto
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are ground, and is ground when any one of several: in-
puts thereto is a negative voltage.

The output of a NOT-OR gate shown in FIGS. 5A
and 5B 1s a negative voltage when all inputs thereto are
ground, and is ground when any one or all inputs thereto
1s a megative voltage.

The power AND-NOT or NOT-OR gate illustrated in
FIG, 5B comprises three stages: stage a which is the
normal AND-NOT or NOT-OR gate shown in FIG.
5A, stage b which is a clamp for holding the output volt-
age at a predetermined magnitude, and stage ¢ which
provides the power output. The gate of FIG. 5B func-
tions substantially in the manner of the AND-NOT or
NOT-OR gate in FIG. 5A, except the former provides
sufficient output power for activating a larger number
of circuit elements over the capability of the latter gate
in the same respect.

A monopulser shown in FIG. 5F produces a negative
output voltage of a predetermined time duration when
a signal input thereto is a negative voliage, no output
voltage when the signal input is changing from a nega-
tive voltage to ground.

A flip-flop shown in FIG. 5G comprises two gates
connected back-to-back, that is, the collector output of
one feeds the base input of the other and the collector
output of the other feeds the base input of one. This is
a bistable device in which, when the output of one gate
is at ground, the output of the other is a negative volt-
age, and vice versa. When a negative voliage is ap-
plied to the input of the one gate whose output is then
a negative voltage, the flip-flop changes ifs state in such
sense that outpufs of the two gates are thereby reversed,
that 1s, the one gate whose output was a negative volt-
~age output is changed to a ground output while the other
gate whose output was then ground is changed to a nega-
- five voltage, or vice versa. | o o

A power flip-flop shown in FIG. 5H comprises three
stages: stage a which is the normal flip-flop shown in
FIG. 5@, stage b which is the clamp for holding the out-
put voltage at a predetermined magnitude, and stage c
which provides the power output. The gate in FIG. SH
functions substantially in the manner of the AND-NOT
or NOT-OR gate in FIG. 5G, except the former provides
sufficient power output for activating an increased num-
ber of circuit elements over the number activated by the
latter. __ o . o

High fan-in flip-flops illustrated in FIGS. 5K and 5L
are similar to the normal flip-flop shown in FIG. 5G, ex-
cept the flip-flop shown in FIG. 5K includes three extra
reset inputs which are applied via clamping transistor « to
a pomt common to the collector of reset transistor » and
the output of the 0-side and the flip-flop shown in FIG. 5L
includes three extra set inputs which are applied via clamp-
- 1ng transistor ¢ to a point common to the collector of set
transistor d and the output of the 1-side. It is under-
stood that the extra number of reset and set inputs shown
in FIGS. 5K and 5L over the number of corresponding
mputs shown in FIG. 5G may vary from one to three or
more for particular circuits. The transistors g and ¢ in
FIGS. 5K and 5L clamp the outputs of the 0- and 1-sides,
respectively, thereof to predetermined voltage magnitudes.
The flip-flops shown in FIGS. 5K and 5L activate a high-
er number of circuit elements relative to the number of
circuit elements activated by the flip-flop shown in FIG.
5G. |

A flip-flop is set when the output of its “1” side pro-
vides ground and the output of its “0” side provides a
negative voltage, and is reset when the output of its “1”

side provides a negative voltage and the output of its “0”
side provides ground.

A normal inverter shown in FIG. 5D comprises a single
translator logic stage, either an AND-NOT gate or NOT-
OR gate, which inverts the polarity of its input signal, that
is, a negative voltage input effects a positive voltage out-
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put, and vice versa; and it provides sufficient voltage to
c¢rive at least four logic stages. |

A power inverter shown in FIG. 5E comprises at least
three transistor stages to provide sufficient voltage for driv-
ing four or more logic stages. | . |

A cable driver amplifier shown in FIG. 5C is a transis-
tor emitter follower which does not invert the polarities
between its input and output voltages and is driven by a
logic element providing only a single output voltage.

Clock signals

Clock signals used hereinafter to select either channel
A or B in FIG. 1 for a given message transfer in a par-
ticular direction are derived in a well-known manner at
the main data terminal as shown in FIG. 7A. FEach sig-
nal comprises a negative voltage effective for a 1-micro-
second interval and having a repetition rate of 5§ micro-
seconds. 'The signals are identified as time phases PH-1
through PH—4, of which signal phase PH-1 is utilized to
select channel A, and signal phase PH-3 serves to select
channel B in the direction outgoing from the main termi-
nal and signal phases PH-2 and PH-4 are employed to
control message transfer incoming to the main terminal
from channels A and B, respectively. Signal phase PH-
3A controls the direction of message transfer either from
or to the main terminal relative to channel A while signal
phase PH-5A controls the direction of message transfer
either from or to the main terminal relative to channel
B. Each of time phases PH-1 through PH-4 includes a
monopulser MP for changing the negative voltage into a
1-microsecond negative voltage pulse and an inverter I
for translating the 1-microsecond negative voltage pulse
into a l-microsecond ground pulse. Each of time phases
PH~-3A and PH-5SA includes an inverter I whose input
is connected to the output of the associated monopulser
MP and a cable driver CD whose input is connected to
the lasi-mentioned inverter. The details and operation of
tire timing circuit will be further explained as the descrip-
tion of the system unfolds hereinafter.

Selection of channel A by interface

In processing a message transfer from the main data
terminal via channel A to the No. 1 or via channel B
to the No. 2 data terminal as shown in FIG. 1, the first ac-
tion involves the selection of a particular channel as be-
tween cnannels A and B. This is accomplished on an
essentially random basis by using the time discrimination
between the time phase pulses for determining the selec-
tion of a particular one channel over the other, as herein-
afier explained. When a message is to be transferred in
the direciton indicated, a have message signal originating
in the main terminal is available as a negative voltage on
lead 7¢ in FIG. 6A at the input of the interface. As this
1s an ordinary message, a ground on lead 73 indicates an
absence of a test message signal thereon. As negative
voltage and ground signals are now effective on leads 70,
73 and 74, respectively, to the input of have message
NOT-OR gate 75 in FIG. 6A, the output thereof is ground.
When all inputs to have message AND-NOT gate 71 are
satisfied, channel A is selected for the transmission of the
contemplated message. If it should happen that such is
not the case, however, then an endeavor is made to satis-
fy all inputs to have message AND-NOT gate 72 which,
when so supplied, serves to select channel B. In the fol-
lowing explanation, it will be assumed that all inputs to
gate 71 are satisfied at ground, when time phase PH-1 is
ground, thereby resulting in the selection of channel A in
a manner that will be presently explained. ‘

Time phase PH-1 provides ground on lead 6% shown in
FIG. 7A. As channel A is assumed to be in an idle con-
dition, an idle signal on leads 76 and 76a is at ground.
Also, an option ground 77« is on normal parity leads 77
and 77b. As channel B is not being selected as herein-
before assumed, have message flip-flop 78 provides ground

at the output of its 0-side on leads. 79, 80 and 81.. As an
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acknowledgment signal is not being transmitted because a
previous message was not handled by channel A, the out-
put of acknowledge monopulser 83 is a ground which is
effective via leads 832 and 83b. As the end of a test
message signal is not being transmitted at this time, the
output of end test message monopulser 84 is ground which
is changed in the output of end test message inverter 83
to a negative voltage. This voltage is changed in the out-
put of reset inverter 86 to ground which is available via
leads 86a and 865 as another input to gate 71. |

Since all inputs to gate 71 are ground at this time, its
output is a negative voltage. As this voltage may not
always have sufficient time duration to set have message
flipflop 87, it is initially used to trigger have message
monopulser 88 which thereupon produces in its output
a 2-microsecond negative voltage pulse. This pulse ap-
plied to the input of the set side of flip-flop 87 sets it
and applied to the input of the reset side of flip-flop 89
resets it.
output of its I-side ground which is changed in the out-
put of have message inverter 90 to a negative voltage.
This negative voltage is applied through have message
cable driver 91 to constitute a make busy signal on lead
92 to channel A. The output of the 0-side of flip-flop
87 provides a negative voltage which is supplied to leads
87a and 87bh, and as aforementioned the output of the O-
side of flip-flop 78 is ground on leads 79 and 80. This
negative voltage and ground effective at the input of
NOT-OR gate 93 are translated in the output thereof to
ground. This ground is changed by inverter 94 to a
negative voltage which is applied through cable driver
95 to appear as a send message signal on lead 96 to the
main data terminal. The negative voltage effective via
leads 87a, 87b and 87c¢ to the input of gate 72 inhibits
it thereby precluding the selection of channel B for the
transfer of the instant message at this time. It is now
apparent that the signal of time phase PH-3 effective on
lead 692 in FIG. 7A exerts no influence on the operation
of gate 7Z. Channel A responds to the make busy signal
on lead 92 by providing an idle signal of negative voltage
on lead 76 and a busy signal of ground on lead 99 in a
manner that will be subsequently explained. The idle
signal of negative voltage effective on lead 76 and the
busy signal of ground applied to lead 99 as just men-
tioned perform no specific functions at this time.

When the main terminal has placed the message to
be transmitted on the line to the interface as shown in
FIGS. 1, 6A, 6B, 7A, 7B, 8A and 8B, a message on line
signal of negative voltage i1s applied to lead 100. This
voltage is translated in the output of monopulser 101
into a S-microsecond negative voltage pulse which is then
changed by inverter 102 into a 5-microsecond ground
pulse. This is transmitted through AND-NOT gate 103
because a ground from the output of the 1-side of flip-
flop 87 is already available at the other input of the gate.
The output of gate 103 provides a 5-microsecond nega-
tive pulse which is transmitted through input gate in-
verters 104 and 105 and cable driver 106 in sequence
and which appears thereafter as a 5-microsecond negative
voltage pulse to constitute an operate input gate signal
on lead 107 to channel A. When channel A has processed
the message to the extent that a text parity signal of
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gate signal on lead 107 in a manner that will be subse-
quently explained, then an acknowledgment signal com-
prising a S-microsecond ground pulse is effective on lead
108 and an acknowledgment gate signal at ground is on
lead 109, both being provided in a manner that will be
hereinafter described. These two ground signals applied
simultaneously to the input of acknowledgment AND-
NOT gate 110 activate it to provide in its output a nega-
tive voltage which is applied to the input of the set side of
flip-flop 89 thereby setting it. As negative voltage from
the output of the 0-side of flip-fiop 89 is supplied to the

inputs of monopulser 83 and reset monopulser 112, 5-
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microsecond negative voltage pulses in the outputs of
the respective monopulsers provide an acknowledgment
signal to the main terminal and reset flip-flop 87. As a
consequence, flip-flop 87 is left in the set state and flip-
flop 89 remains in the set state. Flip-flop 89 is reset at
the time of the next message transmission in channel A
as was previously explained. |

When energizing power is initially applied to the over-
all data communication system from source 8 of suitable
voltage via DPST switch 9 as shown in FIG. 1 at its
initially starting time, a certain amount of chatter effected
by the switch is sufficient at times to provide an ex-
traneous voltage to override any reset pulse of 5-micro-
seconds of negative voltage provided by the output of
monopulser 112. It is therefore possible that both flip-
flops 87 and 89 may be simultaneously activated to the
set state and temporarily locked therein. As a conse-
quence, the acknowledgment signals of ground effective
on leads 1068 and 199 from channel A as aforenoted
will not activate flip-flop 87 to the reset state because the
necessary reset signal is not provided at this time by
flip-flop 89; and both flip-flops 87 and 8% would there-
fore remain locked in the set state. Assuming now that
both flip-flops 87 and 89 are resting in the set state, then
a first ground voltage received on lead 108 indicating a
first acknowledgment signal provided for clearing the
interface while ground is being received on lead 10¢ is
applied to the input of gate 110 which is thereby activated
to provide in its output a ground. This is applied to the
input of the set side of flip-flop 8% but does not activate
it. This ground is also applied as one input to reset
acknowledgment gate 8%a which is also receiving ground
as a second input from the output of the 1-side of flip-
flop 89 resting in the set state at the moment. At the
same time, gate 89¢ 1s also receiving ground as a third
input via lead 896 from the output of inverter 120:
whose input is receiving negative voltage from the out-
put of the 0-side of flip-flop 87 resting in the set state at
this time as just mentioned. As a consequence of such
three simultaneous ground inputs, gate 89 provides in its
output a negative voltage which is applied to the input
of the reset side of flip-flop 89 thereby resetting it. Since
the output of the 0-side of flip-flop 89 in the reset state
is ground, it does not activate flip-flop 87 which continues
to rest in the set state. |

A second acknowledgment signal comprising a ground
voltage on lead 108 and ground on lead 109 activates
gate 110 which provides in its output a negative voltage
which is simultaneously applied to the input of the set
side of flip-flop 892 thereby setting it and as a first input
to gate 8%94. This voltage activates flip-flop 89 to the
set state wherein the ground in the output of its 1-side
1s applied as a second input to gate 89a. This gate is
also receiving a third input of ground via lead 895 in the
manner aforementioned. As the input to gate 89a is a
negative voltage and two discrete grounds, the output
of the gate is ground which is applied to the input to
the reset side of flip-flop 89 but fails to change its state.
Hence, this flip-flop remains in the set state just men-
tioned. Since flip-flop 89 in the set state provides in
the output of its 0-side a negative voltage, this is supplied
to monopulser 112 which translates it into a 5-micro-
second negative voltage pulse, This is applied via leads
112g and 112b to the input to the reset side of flip-flop
87 thereby resetting it. As a consequence, flip-flop 89
is now resting in the set state while flip-flop 87 is in the
reset state whereby both flip-flops are precluded from be-
ing locked in the set state which is undesired.

The negative voltage pulse in the output of monopulser
112 effective on'leads 1124 and.112c is applied to the
reset input of flip-flop 113 thereby resetting it. The 5-
microsecond negative voltage output of monbpulser 83
effective on leads 83« and 83c is applied to the input of
NOT-OR gate 114 whose other input effective on lead
1144 is ground from the output of monopulser 115 be-
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cause channel B is not selected to handle the particular
message as aforenoted. As a consequence, the output
of gate 114 provides ground which is changed in the
output of acknowledgment inverter 11€ tc @a S5-micro-
second negative voltage. This 1s passed via acknowledg-
ment cable driver 117 and lead 1174 as an acknowledg-
ment signa] to the main terminal and signifies thereto to
the completion of the message transmission thus far in
the direction from the main terminal to the No. 1
terminal, |

- If the text parity of the message as transmitted were
correct, a text parity signal of ground transmitted on
lead 118a from channel A. in the manner hereinafter
pcinted out appears on lead 118¢ at the input of
NOT-CR gate 124. Because the message transmitted
at this time is not of a test type, a ground on test message
lead 73 is changed in the output of power inverter 120
10 a negative voltage, This voltage effective on leads
120a, 1295 and 128c and applied to the input of in-
verter 121 1s thereby changed in its output to ground
which is applied to the input of gate 124. The negative
voltage in the output of inverter 12@ is also effective
on leads 128a, 1206 and 1204 and applied to the input
of AND- NOT gate 122, together with a second nega-
tive voltage from NOT-CR gate 123 whose two inputs
are at ground because the text parity signals on leads
118a and 118H respectively, are at ground.  As the
input of gate 124 is supplied with three discrete grounds
via leads 1182 and 118) and the oufput of inverter 121,
this -gate provides an output of negative voltage. Since
the input of AND-NOT gate 125 is simultaneously sup-
plied with a negative voltage from the output of gate 124
and ground from the output of gate 122, the output of
gate 125 is ground. This is transmitted via cable driver
130 and lead 139%a to the main data terminal for signi-
fying thereat the message had. correct parity, that is,
an even number of “1” bits when it was checked via
channel A at the No. 1 data terminal in a manner that
will be subsequently explained. If the text 'p-arity of
the transmitted message had been incorrect, that is, an
odd number of “1” bits, then the correspondmg 51gnal
on lead 118a would have: been a megative voltage where-
upont the output of gate 124 would have been ground.
This would have caused the output of gate 125 to be a
negative voltage which would have been transmitted via
~cable driver 139 and lead 130« to the main data terminal
for indicating thereat an incorrect text parity for a
purpose that will be later mentioned. At the traﬂmg
edge of the 5-microsecond ground voltage pulse effective
on acknowledgment lead 108 as mentioned above, that
1s, when the latter signal goes from ground to negative
veltage the idle signal on lead 76 is ground, and the busy
signal on Jead 99 is a negative voltage, both of which
are provided in a manner that will be subsequently de-
scribed., These idle -and busy sugnals indicate fo the
interface that channel A is idle and is therefore avail-
able to accept a message orzgmatmfr af the main data
terminal,

Referring now to FIGS 6A, 6B, 7A and 7B, 1t is seen
that the several inpuis to AND NOT gate 131 include
grounds on leads 76 and 765b, lead 69, lead 77¢ as above
mentioned together with ground on leads 1334 and 1344.
The ground on lead 1334 is derived from the have mes-
sage signal of negative voltage effective on leads 70 and
70a and applied as one input to NOT-OR gate 132 which
also includes as a second input ground on lead 74g in-
dicating an absence of a test message signal as herein-
before mentioned. These negative voltage and ground
signals at the input of gate 132 activate the latter to pro-
vide an output of ground which is effective on leads 133
and 1334 fo the mput of gate 131. The fifth and final
input to gate 131 is ground on lead 134a from the out-
puc of the O-side of reset clock activate flip-flop 134.
‘As al] five inputs to gate 131 are now ground, the output

thereof provides a negative voltage which may not have
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sufficient time duration to set flip-flop 113. As a con-
sequence, this negative voltage is initially caunsed to
trigger monopulser 135 which thereupon produces in its
output a 2-microsecond pulse of negative voltage. This
pulse applied to the set input of flip-flop 113 has sufficient
time duration to set it. Now, this flip-flop provides in
the output of its 1-side ground which is translated in
the output of inverter 136 into a negative voltage. This
1s transmitted through cable driver 137 to lead 137a for
activating a clock circuit in channel A in a manner that
15 subsequently mentioned.

The digital data message comprising 120 bits for the
purpose of this description and available in the main
data terminal is to be transferred therefrom to the No. 1
terminal on leads #5@ through 158a, (1, 2 ... 38),
the intermediate leads (31, 32 . .. 90) and leads 150f
through 150g (91, 92 . . . 120) or a total of 120 dis-
crete leads as illustrated in FIG. 9. Thus, each of the
120 discrete bits constituting the comp%te message Is
to be transmitted on one of the 120 leads. All 120 bits
of the message are to be transmitted in parallel on the
120 leads @t one time in a manner that is explained
below.

Transmission of message from interface to channel A

It is understood at this time that the overall system
has been placed in @an operative condition thereupon
closing the following relay contacts: (1) in the main
control logic terminal at the interface: 353p in FIG. 10;
144a, 146a, 3534 and 333 m FIG. 11; 219q, 237, 353r,
353s and 3537 in FIG. 13; 318¢, 30606 and 31ia in FIG.
14; and 353k, 353m, 353n, and 353x in FIG. 15; and (2)
in the No. 1 control logic terminal at the No. 1 data
terminal: 258aq, 274a, 277d, and 2984 in FIG. 29; 266D,
288a, 3004 and 300e in FIG. 30; 1954 in FIG. 31 and
196d, 1974 and 1975 1n FIG. 32.

When the message is selected for transfer from the
main data terminal via the interface to channel A, the
interface initiates the make busy signal of negative volt-
age on dead 92. This signal transmitted via closed make
contact 353/ to channel A serves to anhibit have mes-
sage AND-NOT gate 133 thereby precluding a selection
of channel A for the transmission of a simiiar message
originating at the No. 1 data terminal at this time.
Now, the make busy signal activates monopulser 139 to
produce in ifs output a S-microsecond negative signal
which is applied to the set side of busy idle flip-flop 14¢
thereby activating it tfo ithe set state. The other two
signal inputs to the set side of flip-flop 140 are inactive
at this time because (a) the inhibiting of gate 138 pre-
vents monopulser 141 from producing an output and
(b) Iead 142 has ground thereon since channel A is now
supplying an idle signal of ground to the interface.

When flip-flop 146 in FIG. 11 was set, the output of
its 1-side pmvides on its output lead 148e ground which
is changed in the output of inverter 143 to a negative
voltage. This voltage applied through cable driver 144
and closed relay contact 144q is transmitted on idle lead
76 to inform the interface that channel A is now ready to
accept the message from the main data termipal and at

the same time to prevent a message originating at the
No. 1 data terminal from being transmitted on channel
A. Also, with flip-flop 149 in the set state, its O0-side out-
put supplies a negative voltage. This is transmitted on
lead 1406 to inhibit gate 138 thereby preventing the se-
lection of channel A for signal transfer from the No. 1
‘data terminal to the main data terminal in a manner that
will be pointed out subsequently. When flip-flop 148
was sef, the output of its (-side supplies via lead 140a
a negative voltage which is changed in the output of in-
verter 145 to ground. This is transmitted through cable
driver 146 and closed relay contact 1464 to appear as a

busy signal on lead 99 for informing the interface that

channel A is now. busy.
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Next, an operate input gate signal transmitted from the

interface via lead 107 and closed relay contact 353p in

FIG. 10 and comprising a S-microsecond negative voltage
is changed in the output of inverter 147 into a ground.
This is applied to the input of power inverter 148 shown
in FIGS. 5E and 10 and providing in its output a negative
voltage which is applied in parallel to the inputs of power
inverters 149, 148b, 148c¢ and 148d, each of which 1is
identical with inverter 148 and provides ground in its out-
put. Ground from the output of inverter 149 is applied
to one input of each of gates 151 through 151a 1n FIG.
9. Ground from the outputs of inverters 14856 and 148¢
is applied to the inpuis of the intermediate gates, not
shown. Ground is also applied from the oufput of in-
verter 1484 to one input of gates 151f and 131g, respec-
tively. At this time, it i1s understood that the message
comprising 120 “0” and/or “1” bifs is transmitted simul-
taneously in parallel on the 120 discrete leads represented
by leads 150, 1504, intermediate leads, and leads 150f and
150¢ in FIG. 9 from the main terminal to the other in-
puts of gates 151, 151q, intermediate gates, and gates
151f and 151g 1n a manner well known in the art. In
regard to these gates, 1t i1s apparent that while each of
these gates transmits a single bit, the gate group 151
through 1524a represents 30 identical gates for transmitting
discrete bits 1 through 30, the intermediate gate groups
represent the addition of 60 identical gates for additional-
ly transmitting discrete bits 31 through 90, and gate group
151f through 151g represents the further addition of 30
identical gates for further transmitting discrete bits 91
through 120,

The outputs of the 30 gates 151 and 1514 are connected
to the set sides of 30 associated DR1 through DR36 flip-
flops 152 through 1524 which have the outputs of their
1-sides connected to the operating windings of the 30
associated relays 153 through 1535. The outputs of the
60 intermediate gates are connected to the set sides of
the 60 associated DR31 through DR9%® {lip-flops, not
shown, which have the outputs of their 1-sides connected
to the operating windings of 60 additional relays, not
shown. The outputs of the 30 gates 151f through 151g
are connected to the set sides of DR91 through DR120
flip-flops 1525 and 152¢ which have the outputs of their
I-sides connected to the operating windings of the 30
associated relays 1534 and 153e¢. The windings of the
respective 120 relays are provided with shunting dicdes
as current surge protection for the associated flip-flops.
Thus, the 120 bits transmitted on the 120 circuits rep-
resented by leads 150, 1504, intermediate leads, and leads
150f and 150g control the activation of the 120 DR1
through DR12§ data register flip-flops represented by flip-
flops 152-1524, the intermediate flip-flops, and the 1525
152¢ flip-flops. These in turn control the operation of
the 120 associated data register relays represented by
relays 153-1535, the intermediate relays, and the relays
1534-133e. The 120 bits of each message are thus trans-
mitted simultaneously in parallel, in a manner that is
subsequently explained.

If a given data bit “1,” for example, were to be trans-
ferred from the main terminal via channel A to the No.
1 terminal, for example, then the corresponding signal on
lead 150 1s ground which is applied to the input of gate
151 together with ground on lead 14%94. Thereupon, this
gate produces in its output a negative voltage which is ap-
plied to the input of the set side of flip-flop 152 to set it.
On the other hand, if a given data bit “0” were to be
transferred from the main terminal via channel A to the
No. 1 terminal, for example, the corresponding signal on
lead 150 1s a negative voltage whereby the two inputs
to gate 151 are different in the sense that one input is a
negative voltage while the other input is ground. As a
consequence, gate 151 does not change the polarity of
its output whereupon flip-flop 152 remains in the reset
state. When flip-flop 152 was set by the transfer of a
“1” bit as aforenoted, the output of the “1” side of the
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flip-flop is ground to complete an operating circuit for
relay 153 which operates to close its associated contact
153a in FIG. 16, When flip-flop 152 failed to change
its output in response to the transfer of a “0” bit as above
pointed out, the output of the “1” side of the ﬂlp—ﬂOp fé-
mained a negative voltage whereby relay 153 was niot
operated to actuate its associated contact 153a.

In a similar manner, the remaining 29 relays of the
30 relays 133 through 1535 are operated or nonoperated
to close or fail to close the remaining 29 associated con-
tacts of the 30 contacts 153« through 153f for transmitting
the next 29 bits of the 120-bit message in FIG. 16; the
“1” and/or “0” bits constituting the 31 through 90 bits
of the 120-bit message and transmitted on the 60 leads
between the leads 130a and 150f, together with the ground
outputs of inverters 1485 and 148c¢, control the actua-
tion of the 60 intermediate gates and corresponding DR31
through DR9¢ flip-flops and thereby the operation or
nonoperation of the associated 60 relays, not shown, and
contacts in FIG. 16; and the “1” and/or “0” bits con-
stituting the 91 through 120 bits of the 120-bit message
and transmitted on the 30 leads represented by leads
150f through 150g, together with ground in the output of
inverter 1484, control the actrvation of the 30 gates
represented by gates 151f through 151¢ and correspond-
ing DR91 through DR126¢ flip-flops represented by flip-
flops 152bH through 152c¢ and thereby the operation of
the associated 30 relays represented by relays 1534
through 153e¢ and 30 contacts represented by contacts
1532 and 1534 in FIGS. 9 and 16. The closure or non-
closure of the 120 contacts comprising the 30 contacts
1534 through 1537, the 60 infermediate contacts, and the
30 contacts 153¢g through 1332 in FIG. 16 for trans-
mitting the 120-bit message as further discussed herein.

When the operate input gate signal on lead 107 is
a negative voltage as previously mentioned, this voltage
is applied via lead 107a to the set side of flip-flop 154
shown in FIGS. 5L and 10 thereby setting it. This is
effected because the other inputs to the set side of flip-
flop 154 are at ground.

When flip-flop 154 in FIG. 10 was set, the output of its
1-side provides ground which is applied to the operating

- winding of transmit data driver relay 155 whose contact
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155a 1n FIG. 16 is thereupon closed to ground thereby
completing an operating path for each of 4 transmit driver
relays represented by relays 156 to 156x in FIG. 16. The
operation of these relays is controlled for a purpose which
is now explained. When operated, relay 156 closes its con-
tact 1565 which thereupon supplies ground to complete the
operating paths for transmit relays 157 and 157c¢ causing
them to operate. Here, the term ¢ represents the integor 10
so that the group of relays 157¢ comprises ten in number,
each including 6 contacts. When operated, a first relay,
for example, of the group of 10 relays 157¢, closes its
contacts 1538a and 158b representing 6 contacts thereby
connecting a source of negative voltage and ground to 3
pairs of leads represented by leads 161a and 161—5, re-
spectively, since contact 153« in each pair of leads is now
closed because relay 153z is now operated, assuming a
“1” bit is transmitted. In a similar manner each of the 9
remaining operated relays of the relay group 157¢ closes
its 6 contacts represented by contacts 158¢ and 1584
which, tcrgether with an associated closed contact 153f in
each pair of these leads for the reason that its associated
relay 153b is now operated, applies a source of negative
voltage and ground to each of the 27 remaining pairs of
leads represented by the pair of leads 161c and 161d.
While the 30 contacts 153a through 153f are closed to
transmit preselected bits, they are opened to transmit
different bits. Thus a first 30 of the 120-bit message
orginating at the main terminal and transmitted via the
30 discrete leads represented by leads 150 and 1504 serve
to control the activation of the correspondmg 30 gates

represented by the gates 151 and 1514 in FIG. 9. These
in turn serve to control the setting of the 30 associated
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DR1 through DR3) data register flip-flops 152 through
1524 and thereby the operation of the 3¢ relays 153
through 1535 and 30 associated contacts 153a through
1537,

The closure of contact 1554 by the operation of relay
155 also supplies ground to 2 relays intermediate relays
156 and 156rn but not shown, where such 2 intermediate
relays are operated close the individual contacts asso-
ciated therewith and equivalent to contact 1565 of relay
156. The closed contact of each of the 2 intermediate
relays supplies ground to complete the operating paths of
a group of 10 relays, each including 6 contacts and identi-
cal with each of the 10 relays in the relay group 157c.
Thus, the 2 intermediate groups of 10 relays provide 60
pairs of closed contacts, each pair comparable with each of
the pairs 1584 and 1585 and 158c and 1584. Each pair
of these 60 pairs of contacts, together with a closed relay
contact provided by the intermediate flip-flops DR31
through DR920 suggested but not shown in FIG. 9 but
equivalent to each of contacts 1534 and 153f in FIG. 16,
serves to control the connection of a source of negative
voltage and ground to the respective conductors of the 60
pairs of conductors, not shown, but eguivalent to each
of the conductor pairs represented by the 30 conductor
pars 161a and 1615 and 161c and 161d in FIG. 16.
Again, the 60 individual contacts of the 60 pairs of inter-
mediate leads comparable to the individual contacts 1534
-and 153f are closed to transmit preselected bits but opened
to transmit a different bit. Thus, the 31 through 90 bits
of the 120-bit message are transmitted on the 60 Jeads
intermediate the leads 1504 and 150f in the manner here-
inbefore explained for the transmission of the first 30
bits on the 30 leads 150 through 1502 in FIG. 9.

In addition, the operation of relay 156n in FIG. 16
and the closure of its associated contact 1564 supply
ground to the operating paths of the 10 relays in the
137n, each relay having 6 contacts, whereby these relays
are operated to close their 30 ‘associated contact pairs
represented by the contact pairs 158¢ and 158f and 158¢
and 138Ah, respectively. Each of the 30 closed contact
pairs, together with one of the 30 closed relay contacts
represented by the contacts 153¢g and 153/ associated with
the 30 relays 1534 through 153¢ in FIGS. 9 and 16, serves
to control the connection of a source of negative voltage
and ground to the respective leads of the 30 pairs of leads
represented by lead pairs 161e and 161f and 161¢ and
161~2. The 30 oontacts 153g and 1534 are closed to
transnut certain bits but opened to transmit different
bits. Thus, the 91 through 120 bits of the 120-bit mes-
sage are transmitted on the 30 leads 156f through 150g
in the manner previously explained for the transmission
- of the first 30 bits on the leads 150 throueh 15¢4. Further
progress of the transfer of the 120-bit message through
the system to its ultimate destination in the No. 1 terminal
is hereinafter explained., |

The operation of relay 157 closes its contact 157z in
FIG. 12 which applies ground to the operating winding
of gate control data register relay 159 thereby causine
it to operate as shown in FIGS. 12 and 16. This relay
closes its contact 159z in FIG. 12 whereby the associated
ground is applied to a first input of gate control send
AND-NOT gate 160 in FIG. 12 whose second input of
ground is received via closed contact 157b of operated
relay 157. This causes gate 160 to provide in its output
a negative voltage which is applied to the set side of
gate control flip-flop 163 in FIG. 12 thereby setting it.
In the set state, this flip-flop provides from its O-side
output an output of negaive voltage which is changed
in the output of inverter 164 to ground which is effective
on lead 164a. There is no further action in the circuit
at this point at the moment because AND-NOT gate
- 165 is inhibited by a negative voltage on output lead 165«
from the output of the 1-side of message on line flip-flop
216 1in FIG. 14 and AND-NOT gate 166 in FIG. 13 is
inhibited by a negative voltage due to voltage divider
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1660 since contact 167a is open because its associated
relay 167 in FIG. 18 is in the released state. Relay 159
is slow to release because of the capacitor connected in
shunt of its operating winding in the well-known manner.
The negative voltage in the 0-side output of flip-flop 163
in FIG. 12 activates monopulser 168 which produces a
S-microsecond negative voltage. This is applied to the
reset side of acknowledgment flip-flop 169 which is there-
by reset and which provides ground at its 0-side output.
No further action is effected at this point at the moment.
Referring to the 5-microsecond negative pulse provided
in the output of make busy monopulser 139 for setting
fip-flop 1490 in FIG. 11 as hereinbefore mentioned, it is
seen that this pulse is also applied to the set side of have
message flip-flop 176 thereby resetting it, because the out-
put of inverter 154p supplies ground to lead 154f at
that time. When flip-flop 176 was set as aforenoted, the
output of its I-side provides ground which is applied to
the operating winding of transmit have message relay
171 1in FIG. 11. This relay operates to close its make
contact 171a in FIG. 19 which thereupon applies the
associated negative voltage to lead 1715 for notifying
the No. 1 data terminal that a message is to be trans-
mitted thereto from the main data terminal, in a manner
that is further explained hereinafter.

No. I data terminal notified via channel A
message available at main data terminal

The negative voltage effective via closed contact 171a
and lead 1715 in FIG. 19 serves to operate receive mes-
sage ready relay 172 in FIG. 26 which when operated
opens its break contact 172a thereby interrupting an
operating path for have message relay 173 in FIG. 31.
This relay returns to the released state to open its make
contact 173a whereby a negative voltage effected by
voitage divider 1735 is applied to acknowledgment AND-
NOT gate 174 in FIG. 31. At the same time, a negative
voltage, produced by voltage divider 1744 because a con-
tact 178a of released relay 1758 in FIG. 24 is open for a
reason to be mentioned later, is applied to inverter 176
in FIG. 31 whose output then provides ground which is
applied to gate 174. Also, open contact 1756 in FIG. 31
of relay 175 interrupts the operating path for have mes-
sage relay 177 which is thereupon released whereby its
associated open contact 177a enables voltage divider
1770 to supply a negative voltage to have message
AND-NOT gate 178. In addition, break contact 177¢
of relay 177 supplies ground to gate 174 via voltage
divider 177e. In view of the two ground inputs and the
negative voltage supplied simultaneously to the input of
gate 174, this gate is caused to produce ground on its
output lead 1746. This removes reset voltages from
the reset sides of acknowledgment flip-flop 179 in FIG.
31, transmit acknowledgment flip-flop 180, and transmit
bad parity flip-flop 181, both latter being in FIG, 32.

Closed contact 1725 of relay 172 provides ground on
input lead 172¢ to receive driver gate 182 in FIG. 31.
At this time ground ds also on leads 1824 and 1834 to the
input of gate 182 from the output of message inhibitor
AND-NOT gate 182 because flip-flop 179 has been reset,
thereby supplying a negative voltage to the input of gate
183 in a manner to be later explained. In addition,
ground is on clock inverter lead 381 because the system
is not being cleared at this time, in a manner that will
be subsequently mentioned. In view of the aforenoted
three ground inputs to gate 182, the output thereof sup-
plies a negative voltage to the set side of receive driver
fip-flop 184 which is thereby set. Also, at this time
ground is on input lead 184a to the set side of flip-flop
184 from the output of send message AND-NOT gate
276 in FIG. 29 which is now receiving a negative voltage
from the output send message inverter 185. This in-
verter i1s now receiving ground from the output of the
O-side of receive send message flip-flop 186 which is in
the reset state at this time. |
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In the set state, flip-flop 184 in FIG. 31 supplies ground

from the output of its 1-side to the operating winding of
receive data relay 187 which is thereby caused to operate

. to close its contact 1874 1n FIG. 24. This closed contact

applies ground simultaneously to the operating paths of
receive data relays 188 and 188b, in FIG. 24, both of
which are thereby caused to operate. Operated relay 188
supplies ground via its closed contact 188a to the operat-
ing paths of relays 175 and a group of 10 discrete relays
represented by relay 189 causing them to operate. Each
of the 10 relays includes 6 contacts for a purpose that is
later mentioned. When operated, five relays, for ex-
ample, of the group of 10 relays 189 close their 30 con-
tacts represented by contacts 190 through 1%96a to 30 L1
through L.36 line relays represented by relays 191 through
1914 in FIG. 23; five remaining relays of the group of
10 relays 189 and five relays of the group of operated 10
relays represented by relay 188d close their 60 contacts to
60 L31 through 190 line relays, not shown, in FIG. 23;
and the five remaining relays of the group of 10 relays
188d close their 30 contacts represented by contacts 1905
through 190¢ to 30 1.91 through L1290 line relays repre-
sented by relays 191b through 191c¢ in FIG. 23, In
regard to the 120 line relays L1 through L120 represented
by relays 191 through 191c in FIG. 23, it is recalled from
the previous explanation that on those leads transmitting
a “1” bit a source of negative voltage and ground i1s now
connected at the main control logic terminal to the 120
pairs of leads represented by the leads 161q, 1610, 161c,
161d, 161e, 161f, 161g and 1614, including the 60 pairs
of intermediate leads shown in FIG. 23 whereby the last-
mentioned 120 L1 through L12$ line relays are operated.

Each of the 120 L1 through L1286 line relays in FIG. 23
opens its break contact 191e included in the 120 contacts
represented by contacts 19%e through I91f in FIG. 28
thereby interrupting current flow to the No. 1 data ter-
minal in a circuit including ground and a source of nega-
tive voltage connected to a pair of leads 1924 and 1925
terminating in the No. 1 data terminal. In this connec-
tion, the 120 pairs of leads involved are represented by
lead pairs 1924 and 1925 and 192c¢ and 1924 in FI1G. 28
for transmitting the 120 bits of the assumed 120-bit
message being transferred. Current flow on leads 192a
and 1925, for exampie, serves to represent the transfer of
a “0” bit via channel A to the No. I data terminal while
the interruption of current fiow on these leads serves to
represent the transfer of a “1” bit via channel A to the
No. 1 data terminal, for the purpose of this illustration.
In this connection, it is apparent that since the 120-bit
message being transferred may involve both “(¢” and “1”
bits, the respective L1 through L1206 line relays in FIG. 23
are operated or nonoperated in correspondence therewith.

No. 1 data terminal informed message is available

The operation of relay 175 in FIG. 24 provides ground
via its closed contact 1756 in FIG. 31 to the operating
winding of relay 177 and its closed contact 175a to in-
verter 176 and to a first input of gate 178. Relay 177 is
slow to operate by capacitor 177e connected in shunt of
the relay operating winding for providing suiiicient time
delay before indicating a message is available for receipt
as mentioned below. As rtelay 177 is now operated, it
provides ground via 1its closed contact 1774 as a second
input to gate 178 and a negative voltage from voltage di-
vider 177e to gate 174 since contact 177¢ is now open.
At the time relay 172 operated as above explained, ground
was provided via its closed contact 172b and leads 172¢
and 172d as a third input to gate 178. In view of the
three simultaneous ground inputs to gate 178, it is thereby
caused to produce in ifs output a negative voltage which
is applied to the set-side of have message flip-flop 193
thereby setting it. As ia consequence, ground in the
output of the 1-side output of this flip-flop is supplied as
a first input to have message gate 194. It will now be re-
called from the previous explanation that the output of
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oate 183 contains ground which is applied as a second in-
put to gate 194. In view of its two ground inputs, gate
194 is thereby caused to provide in its output a negative
voltage which is transmitted through cable driver 195
and closed contact 1954 to appear as a have message
signal on lead 1956 in FIG. 31. This relay contact is
closed because its associated relay is operated for the
reason that the system is in an operative condition as here-
inbefore mentioned. This signal indicates to the No. 1

data terminal that a message is available for receipt
thereby.

Return of acknowledgment signal from No. 1 data
terminal

The have message signal stimulates the No. 1 data
terminal in FIG. 32, in a manner not shown to produce
an acknowledgment signal comprising a negative voltage
which is applied via lead 196, closed relay contact 194d
and lead 1%96a to the input of acknowledgment mono-
pulser 197 in FIG. 31. This thereupon produces a 35-
microsecond negative signal in its output. This mono-
pulser, at the same time, is also receiving ground on lead
1960 from the output of monopulser 404 included in an
acknowledgment pulse simulator which is shown in FIG.
26 and which is described below but is presently inactive.
The ground on lead 1965 is also transmitted as a second
input to monopulser 202 for a purpose that is mentioned
below. The 5-microsecond signal from the output of
monopulser 197 in FIG. 31 is applied to the set side of
flip-flop 179 thereby setting it and at the same time as
an inhibit to gate 183. The output of the 1-side of flip-
flop 179 in the set state provides ground to gate 183.
When the output of monopulser 197 is returned to ground
at the termination of the acknowledgment signal, the out-
put of gate 183 is then caused to provide a negative volt-
age output because the two inputs thereto are now ground.
Acknowledgment key 199 in FIG. 32 is normally nonoper-
ated thereby presenting an open circuit to lead 196 but
1s operable to provide a negative voltage for simulating
an acknowledgment signal originating in the No. 1 data
terminal for testing purposes as hereinafter mentioned.

The negative voltage etfective on leads 1834 and 182a
from the output of gate 183 provides an inhibit on gate
182 which thereupon returns its output to ground thereby
removing the negative voltage from the input of the set
side of flip-flop 184 theretofore effective as previously ex-
plained. The negative voltage signal from the output of
gate 183 is also applied via leads 1832 and 1835 to the
reset side of flip-flop 193 for effecting the resetting thereof
and as an inhibit to gate 194. This causes gate 194 to
provide ground in its cutput thereby removing the have
message signal of negative voltage theretofore effective
on lead 195b for the information of the No. 1 data ter-
minal.

When the No. 1 data terminal has processed the mes-
sage supplied thereto on the 120 pairs of leads 1924 and
192H through 192c¢ and 1924 in FIG. 28 as hereinbefore
explained, the acknowledgment signal transmitted there-
from on lead 196 in FIG. 32 is changed to ground. Si-
multaneously therewith, the No. 1 data terminal supplies
a text parity signal to lead 197 whereby a correct parity
1s indicated by ground and an incorrect parity by a nega-
tive voltage. When the signal on lead 19§ returned to
ground, this was applied to acknowledgment gate 198 in
FIG. 32, together with ground via closed contact 198a
of operated relay 19856 in FIG. 31 whose operating path
1s completed with ground supplied by the output of ac-
knowledgment inverter 198c¢. This inverter is activated by
a negative voltage received from the output of the 0-side
of flip-flop 179 which is now in the set state as just men-
tioned. In view of the two ground inputs to gate 188 in
FIG. 32 at this time, its output provides a negative voltage.

The negative voltage in the output of gate 198 is ap-
plied, together with ground on lead 1965, to monopulser
202 which provides in its output a 5-microsecond pulse of
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negative voltage which is changed to a ground in the
output inverter 203. This ground is simultaneously ap-
plied to the inputs of inverter 284 and text parity AND-
OR gate 205. The output of inverter 204 supplies directly
a first portion of negative voltage to the set side of trans-
mit acknowledgment flip-flop 186 in FIG. 32 for effectin g
a setting thereof, and a second portion of such voltage on
lead 2945 to the reset side of receive driver fiip-flop 184
in FIG. 31 thereby resetting it. - A discard message signal
efiective in FIG. 30 via lead 206, closed relay contact
2065 and lead 206a to the reset side of flip-flop 184 is
ground because the message being transferred at the mo-
ment 1s not being discarded, and therefore a discard mes-
sage signal is not being originated at this time at the No.
1 data terminal. This signal will be later described. A
transmif message signal of ground is effective on lead 207
in FIGS. 30 and 31 to the reset side of flip-flop 184 at
the moment because a message for transfer is not being
originated at No. I data terminal at this time. Now,
ground is on leads 320/ and 328p connected to the reset
side of flip-flop 184 in FIGS. 28, 29, 30 and 31 from the
output of reset inverter 328/ in FIG. 28 because the sys-
tem 1s not being cleared in a manner that is later ex-
- plained. Ground is presently on lead 268 in FIGS. 26, 30
and 31 because the No. 1 data terminal signal simulator
shown in FIG. 26 is not active at the moment. There-
fore, the portion of the negative voltage representing the
transmit acknowledge signal on lead 2045 activates flip-
fHop 184 to the reset state in which ground is removed
from the operating winding of receive data reiay 187.
This relay is thereby enabled to return to the released state
whereby its contact 1874 is opened to remove ground from
the operating winding of relays 188 and 1885 in FIG. 24.
This opens contacts 1884 and 188c¢ associated with relays
- 175 and 18% and 1884, respectively, in FIG. 24 to remove
ground from the operating windings of the respective re-
lays which are then returned to the released state.
Released relay 175 opens its contacts 175« and 175b

in FIG. 31 whereby open contact 1754 enables voltage

divider 174a to supply negative voltage to gate 178 and
open contact 1756 removes ground from the operating
winding of relay 177 which releases. The negative volt-
~ age activates gate 178 to provide ground in ijts output
thereby removing the negative voltage from the set side
of fhp-flop 193. Since the negative voltage applied to its
reset side for resetting flip-flop 123 is still effective via
lead 183a from the output of 183 in FIG. 31, Hip-flop
193 1s reset. When contact 175« of relay 175 opened in
F1G. 31, the negative voltage supplied by voltage divider
174a to the input of inverter 176 is changed thereby to a
ground which is applied to gate 174. When relay 177
returned to its released condition as just mentioned, - it
closed its break contact 177¢ in FIG. 31 to supply ground
to one mput of gate 174. No further action takes place
at gate 174 which is now inhibited by a voltage supplied
via voltage divider 1735 since relay contact 173a is open.
- If an incorrect parity had been indicated by a nega-
tive voltage on lead 197 in FIG. 32 instead of the ground
previcusly mentioned, such voltage would be changed to
ground in the output of inverter 209. This ground, to-
gether with the 5-microsecond ground from the output of
inverter 203, would be supplied to the two inputs of
AND-NOT gate 205 which would be thereupon caused
to produce in its output a negative voltage. This voltage
applied to the set side of flip-flop 181 activates the latter
to the set state whereby a ground in the output of its 1-side
would be supplied to complete the operating circuit of
transmit bad parity relay 210. This relay would be
thereby operated to close its contact 210a for applying
a negative voltage to lead 211 in FIG. 25. As flip-flop
180 in FIG. 32 15 set as aforementioned, the ocutput of
its 1-side supplies ground to complete the operating path
to the winding of transmit acknowledge relay 212 which
1s operated to close its contact 2124 for applying a nega-
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tive voltage to lead 213 in FIG. 25
will be pointed out below. : |

Now, the negative voltage effective on lead 211 in
FI1G. 25 as just mentioned provides an energization path
for incorrect parity pulse relay 167 in FIG. 18 which
operates to provide a ground through its closed contact
187a 1 FIG. 13, This ground is applied to one input of
gate 166 whose second input on lead 2154 is also ground
recetved from the output of the 1-side of acknowledg-
ment fiip-flop 215 in FIG. 12, presently in the set state.
This flip-flop was heretofore set by a negative voltage
effective on lead 231a from the output of monopulser
231 m FIG. 12 due to the completion of the last message
transferred in a manner that will be further discussed
below. It was previously mentioned that ground was
present on lead 184¢ in FIG. 12.° Ground is also pro-
vided on lead 216« in the output of the 0-side of flip-
flop 216 which is in a reset state and which is activated
to the set state only during message transfer from the
No. 1 data terminal to the main data terminal in a man-
ner that will be described subsequently. As four inputs
of ground are now simultaneously supplied to gate 166 in
FIG, 13, it provides an output of negative voltage which
is applied to the reset side of text parity flip-flop 217 in
FIG. 13 thereby activating it to the set state. The re-
maining two inputs to this flip-flop via leads 217 and
217b are both ground because a time out has not oc-
curred in a manner and for a purpose that will be subse-
quently explained. The output of the 1-side of flip-fiop
217 provides ground to the input of inverter 218 whose
output supplies a negative voltage via cable driver 219
and closed relay contact 2194 to text parity lead 118a.
This voltage indicates an incorrect parity in the message
being transferred from the main data terminal to the No.
i data terminal at the moment. As fiip-flop 217 is in
the set state, the output of its 0-side provides a negative
voltage on lead 217c¢ 1o a parity count circuit shown in
FI1G. 22 and further discussed hereinafter.

Referring back to the negative voltage on lead 213 in
FIGS. 18 and 25, it is seen that such voltage energizes
the operating winding of relay 228 which operates to
open its break contact 220a in FIG. 12 to disconnect
ground therefrom. This enables voltage divider 2205
10 supply a negative voltage to the set side of receive
acknowledgment flip-flop 169 in FIG. 12 thereby setting
it. Now, the output of the 0O-side of this flip-flop sup-
plies a negative voltage to acknowledgment monopulser
221 which 1 turn provides a 5-microsecond negative
voltage pulse to acknowledgment power NOT-OR gate
222 i FIG. 12 which comprises effectively a combination
of a unitary AND gate, a power amplifier, and a clamper
shown in FIG. 5B and described hereinbefore. Ground is
on input lead 222a to flip-flop 169 because the system is
not being cleared at this time in a manner that will be ex-
plained subsequently. Ground is also on test message
resef lead 2225 for the reason that a test message is not
being processed in a manner that will be mentioned later.
As a consequence of the input of negative voltage and
the two inputs of ground, the output of gate 222 is thereby
caused to provide a 5-microsecond ground pulse to
supervisory reset inverter 224, reset AND-NOT power
gates 223, 223c¢, 223d and 223e, and test message gate
225. Gates 223, 223c, 223d and 223¢ are a high fan-
out type shown in FIG. 5B. Gate 225 still provides
ground on its cutput lead 225q because the input thereto
on lead 22556 from test message inverter 226 in FIG. 13
1s a negative voltage which indicates a test message is not
being processed at this time.

The 5-microsecond ground pulse supplied to inverter
224 1 FIG. 12 provides on its output lead 224a a 5-
microsecond negative voltage which is supplied to the
reset side of have message flip-flop 176 in FIG. 11.

for a purpose that

It is noted that the reset side of this flip-flop is also
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being supplied with ground at the same time via lead .
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2224 for the reason that the system is not being cleared
as hereinbefore mentioned. As a consequence, flip-flop
170 is activated to the reset state whereby ground is re-
moved from the output of its 1-side to interrupt the
operating path of relay 171 which returns to the released
state. This relay then opens its contact 171a to discon-
nect a source of negative voltage from lead 1715 in FIG.
19 whereupon relay 172 in FIG. 26 is returned to its
released condition. This relay now connects ground via
contact 172a in FIG. 31 to the operating winding of relay
173 which is operated to supply ground via its closed
contact 173a in FIG. 31 to gate 174. As hereinbefore
mentioned, ground is now effective via break contact 177¢
and in the output of inverter 176. As all three imputs to
gate 174 are now ground, the output of this gate on lead
1745 is a negative voltage which is applied to the reset
sides of flip-flops 179, 180 and 181 thereby resetting
them, if flip-flop 181 had been previously set to-indicate
an incorrect parity in the text of the previous message.

As relay 172 in FIG. 26 is now in the released state,
its open contact 172b in FIG. 31 enables voltage divider
172e to provide a negative voltage on lead 172c¢ to inhibit
gate 182 and on lead 1724 to inhibit gate 178. The
latter gate at this time is also being supplied with inhib-
iting negative voltages by the associated voltage dividers

174a and 177b because the associated contacts 173a

and 177a, respectively, are open. As flip-flops 180 and
181 in FIG. 32 are now in the reset state as above pointed
out, ground is thereby removed from the outputs of the
1-sides thereof to interrupt the operating paths of asso-
ciated relays 212 and 210, respectively. These relays
return to the released state which removes sources of
negative voltage via open contacts 2102 and 212a from
their associated leads 211 and 213, respectively. This
serves to restore the No. 1 data terminal to the idle
condition.

Referring to FIGS. 9 and 12, it is recalled that a 5-
microsecond ground pulse is presently being supplied to
the input of gates 223, 223c¢, 223d and 223e. 'The oper-
ation of gate 223 controls via lead 2235 the operation
of 30 DR1 through DR30 data register flip-flops 132
through 1524 which in turn control the operation of 30
associated relays 183 through 153b; gates 223c and 223d
control via leads 223f and 223g, respectviely, the opera-
tion of 60 DR31 through DR90 data register flip-tlops
which in turn control the operation of 60 associated
relays, not shown; and gate 223¢ controls via lead 2234
the operation of 30 DR91 through DR120 data register
flip-flops 1525 through 152¢ which in turn control the
operation of 30 associated relays 153d through 153e.
addition to the 5-microsecond ground pulse received from
the output of gate 222, gates 223, 223c, 223d and 223¢

are also presently being supplied with ground on lead
223a from the output of the 0-side of test message enable

flip-flop 227 in FIG. 13 which is presently in the reset
state because a test message is not being processed at this
time in a manner that is subsequently explained. In
view of the two simultaneous inputs of ground, each of
gates 223, 223c, 223d and 223¢ provides on its output lead
a 5S-microsecond negative voltage pulse which is applied
to the reset sides of the associated data register flip-flops
thereby resetting them. In the reset state of the 120 data
registers, the outputs of their 1-sides provide negative
voltages which replace the ground theretofore applied to
the operating circuits of the 120 associated data register
relays whereupon the 120 relays are returned to the
released condition. In this condition, the 120 relays
open their 120 associated contacts 153a through 1534
to remove the negative voltage that was applied to 120
leads 161q through 1617 shown in FIG. 16.

Transmit driver flip-flop 154 in FIG. 10 has ground
on input lead 2224 to its reset side because the system is
not being cleared as hereinbefore mentioned. At the
same time, a negative voltage on lead 2235 in the output
of gate 223 is also applied to the reset side of flip-flop

In
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154 which is thereby reset. This removes ground from
the output of the 1l-side of flip-flop 154 whereby its
associated relay 155 is de-energized and returns to the
released state. This removes the ground that was being
furnished via its contact 155¢ in FIG. 16 to the oper-
ating windings of the 4 relays 156 through 156z in FIG.
16 whereby these relays are de-energized. This removes
the ground that was being supplied via contact 1565 to
relay 157 and the 10 relays 157c¢, the ground that was
being supplied via contacts similar to contact 1565 to
the 20 intermediate relays, and via contact 1564 to the
10 relays 157n. As a consequence, relay 157 and the 40
relays included between relays 157¢ and 157n in FIG. 16
are de-energized. As -each of the 40 relays 157c¢
through 157n includes 6 contacts, this opens the 120
pairs of contacts represented by the contact pairs 158«
and 1585 through 158¢ and 1584 connected to the 120
pairs of leads represented by the lead pairs 161a and
1616 through 161¢ and 161/ utilized for transmitting 120
data bits in FIG. 16 as previously mentioned. The
opening of the 120 pairs of contacts represented by con-
fact pairs 1584 and 15856 interrupts the connection of a
source of negative voltage and ground to the last-
mentioned 120 pairs of leads. This interrupts the trans-
mission path of the message from the main data terminal
via channel A to the No. 1 data terminal.

Relay 157 in FIG. 16 being de-energized opens its con-
tacts 157a and 157)h to remove ground via contact 157a
from the operating winding of relay 159 and via contact
1570 from the inputs of gate 160 and inverter 1684 in FIG.
12. Open relay contact 157b permits a negative voltage
provided at voltage divider 160c to be supplied to a first
input to gate 160 and to the input of inverter 1684. This
negative voltage input inhibits gate 160 whose output
then furnishes a ground to the set side of flip-flop 163.
Relay 159 is made slow release by a capacitor 1595
connected across its operating winding so that when it
i1s de-energized, it opens its contact 1594 and closes its
contact 13%c. Open contact 15%¢ permits voltage
divider 160b 1o supply a negative voltage to a second
input to gate 160. As this gate is now supplied with
fwo simultaneous negative inputs of voltage, its output

- supplies ground to the set side of flip-flop 163, causing
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no action therein. Break contact 159¢ of relay 159 pro-
vides a ground input to gate control reset AND-NOT
gate 1604. The negative input to inverter 160q¢ as just
mentioned is changed in its output to ground which is
also furnished as an input to gate 160d. This gate is
thereby caused to produce in its output a negative voltage
which is applied to the reset side of flip-flop 163 thereby
resetting it. Ground on lead 222q is also applied to the
reset side of flip-flop 163 at this time because the system
is not being cleared as previously mentioned. In its
reset state, flip-flop 163 provides in the output of its
0-side ground which is changed to a negative voltage in
the output of inverter 164. This negative voltage sup-
plied via lead 1644 to gate 166 in FIG. 13 has no effect
thereon because a test message is not being processed by
the system at the moment, as previously stated.

The negatlve voltage in the output of inverter 164 in
FIG. 12 is also supplied to monopulser 1645 which is
thereupon caused to produce in ifs output a S5-micro-
second negative pulse. This pulse 1s applied to the
input of gate control NOT-OR gate 164c whose other
input 1s also receiving at the same time a ground signal
on lead 1644 from on line monopulser 164e in FIG. 18
because the system is not being cleared at this fime as
previously mentioned. The mnegative pulse from mono-
pulser 1645 causes gate 164c to produce in ifs output a
5-microsecond ground pulse which is simultaneously
effective on lead 230 to the input of gate control pulser
231 and to acknowledgment gate 232. This ground
pulse at the input of gate 232, together with a ground
pulse applied to the other input thereto from the output
of the 1-side of flip-flop 215, activates gate 232 to pro-
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duce in its output a 5-microsecond negative voltage which
is supplied via lead 232« to the input of acknowledg-—
.ment monopulser 233 in FIG. 13. A ground pulse is
effective at the output of the 1-side of flip-flop 215
because it had been previously activated to the set state
via a negative voltage on lead 231a in the output of
monopulser 231 due to the completion of the next-pre-
ceding message transfer in the direction of the main
data terminal to the No. 1 data terminal, in a manner
that 1s subsequently mentioned. The output of gate 165
m FIG. 14 effective on lead 1634 is ground because a
message is not being transmitted in the direction from
the No. 1 data terminal to the main terminal. As a
result of the simultaneous inputs of negative voltage and
ground, monopulser 233 produces in its output a 5-micro-
second negative voltage which is simultaneously applied
to acknowledgment inverter 234 and acknowledgment
NOT-OR gate 235. This gate changes the negative
voltage to ground which is transmitted via cable driver
236 and closed relay contact 237 to lead 108. This
relay contact is closed because the system is in operation
as bhereinbefore stated. This ground on lead 108
informs the main data terminal via the interface circuit
shown in FIG. 6A that the message transfer has been
successiully completed.

The 5-microsecond negative voltage applied to the in-
put of inverter 234 in FIG. 13 produces a 5-microsecond
ground pulse in the output thereof, This ground pulse is
supplied to text parity flip-flop reset monopulser 239 and
to lead 234a. The effect of the ground pulse on lead
234a will be hereinafter discussed in regard to the pari-
ty count circuit shown in FIGS. 20 and 21 and the mes-
sage simulator circuit shown in FIG. 20. After 5 micro-
seconds have elapsed, the output of monopulser 233 in
FiG. 13 returns to ground which causes the output of in-
verter 234 to provide a negative voltage which is con-
verted f0 a S-microsecond negative voltage in the out-
put monopulser 239. This voltage applied to the reset
side of text parity flip-flop 217 resets it to the O state
in ‘which the output of the 1-side provides a negative volt-
age which is changed to ground in the output of inverter
218. This ground applied via cable driver 219 to lead
118a removes the text parity indication that was there-
tofore effective thereon, as hereinbefore mentioned. The
negative voltage in the output of monopulser 239 is also
effective on lead 23%a which is connected to the automatic
clear and alarm circuit shown in FIG. 21 and discussed
hereinafter. |

From the previous discussion, it will be recalled that
after 5 microseconds had elapsed, the output of mono-
pulser 16456 1n FIG. 12 returned to ground which i1s
changed to a negative voltage in the cutput of gate 164c.
This negative voltage activates monopulser 231 which
produces in its output a 2-microsecond negative voltage
which is supplied to the input of NOT-OR gate 239 and
via lead 231g to the set side of flip-flop 215 which 1is
thereby set. The operation of this flip-flop has been pre-
viously explained. Returning to gate 239, the output
thereof provides a 2-microsecond ground which is changed
by inverter 240 to a 2-microsecond negative voltage. This
voltage 1s applied on lead 2484 to the reset side of flop-flop
140 which is thereby reset: and at the same time, it is ap-
plied as an inhibit to gate 138 for a purpose that will be
explained subsequently in connection with message trans-
fer from the No. 1 data terminal to the main terminal.

Ground is presently being applied to the reset input
of flip-flop 140 from the output of discard message
monopulser 241 in FIG. 11 because the message transfer
at the moment is not in the direction from the No. 1
data terminal to the main terminal. As flip-flop 140 has
just ‘been reset, the output from its 1-side is a negative
voltage while the output from its O-side is ground. This
negative voltage is changed by inverter 143 into ground
which i1s applied via cable driver 144 and closed relay
contact 144« to idle lead 76 for indicating an idle con-
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dition to the interface shown in FIG. 6A and thereby
to the main data terminal. Ground in the output of the
O-side of flip-flop 149 provided on lead 1484 is changed
in the output of inverter 145 into a negative voltage which
is applied via cable driver 146 and closed relay contact
1464 to busy lead 99 for indicating a busy condition to
the interface shown in FIG. 6A and thereby to the main
data terminal. Ground from the 0O-side of flip-flop 140 is
also provided via leads 140z and 149) as one enabling
mput to gate 138. This gate is further discussed below
during the explanation of message transfer from the No.
1 data terminal to the main -data terminal.

- The logic sequence time diagrams for effecting mes-
sage transfer from the main data terminal to the No. 1
data terminal are illustrated in FIG. 34.

Message transfer from the No. 1 data terminal
to the main data terminal

When the No. 1 data terminal has a message for trans-
mission to the main data terminal, a have message signal
efiective as a mnegative voltage on lead 256 in FIG. 29
is transmitted through closed relay contact 250q to the
set sides of transmit have message flip-flops 251 and 252
whereby both ﬁlp-ﬂops are activated to the set state.
Fhip-flop 251 is set because ground is on lead 2514
originating in FIG. 26 due to the fact that the message
transier of the moment does not involve a simulated
message. Now, the output of the 1-side of flip-flop 251
supplies ground to the operating winding of relay 2515
which is thereby operated; and the output of the I-side
of flip-flop 252 supplies ground to the operating winding
of relay 2524 which is thereby operated. The operation
of relay 2515) closes its contact 251c¢ in FIG. 25 to com-
plete an operating circuit from a source of negative volt-
age to ground via lead 254 for relay 257 in FIG. 18: and
the operation of relay 252a closes its contact 2326 in
FI1G. 26 to complete an (Jperatmg circuit from ground
to a source of negative voltage via lead 256 for relay
256z in FIG. 19, This relay operates to close its com-
tact 2365 1n FIG. 20 thereby applying ground to one
input of clock activate gate 256¢ for a purpose that is
subsequently explained.

Referring now to FIG. 18, the negative voltage effective
on lead 254 energizes the operating winding of relay 257
which operates to close its contact 257a in FIG. 11 there-
by supplying ground to gate 138. At this time, all seven
mputs to this igate are satisfied with a ground signal in
the following manner. Clock phase PH-3 of the clock
timing circuit provides ground on leads 138a and 1385
as shown mm FIG. 11. Ground is on lzad 248%q from the
output of inverter 240 in FIG. 12 which is not indicating
the termination of a message. The output of the 0-side
of thip-flop 140 is at ground via leads 1492 and 146H be-
cause channel A in FIG. 1 is idle at this time. A prevent
lock-up signal on lead 258 via closed contact 353/ is at
ground since flip-flop 140 is indicating an idle condition
vra lead 76 to the interface in FIG. 6A as aforementioned.
Make busy lead 259 via lead 92 and closed contact 353i is
at ground because channel A cannot be seized by the
main data terminal during the clock timing phase 3.
Ground is also on lead 267f connected to the output of
the O-side of flip-flop 266 in FIG. 15 which is presently
in the reset state. As ground is now supplied to all
inputs of gate 138, its output provides a negative voltage
which is applied to the input of have message mono-
pulser 141 whose output produces a 2-microsecond nega-
tive voltage pulse. This pulse supplied to the set side
of flip-flop 140 sets it and at the same time is changed
i the output of inverter 1414 to ground which is apphed
to have message monopulser 141g. Flip-flop 140 is set
because ground is on lead 142 due to the fact that the
system 1s not being cleared in a manner that is explained
later, and ground is on make busy lead 1394 since chan-

- nel A is not being siezed by the mtﬂrfacﬂ in FIG, 11
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during phase PH-3.
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When flip-flop 140 was set, the output of its 1-side
provided a ground which was changed in the cutput of
inverter 143 into a negative voltage. This voltage trans-
mitted through cable driver 144 and closed relay contact
1444 is now effective onlead 76. Also, when flip-flop 140
was set, the output of its 0-side supplies a negative volt-
age which was changed in the output of inverter 145 to
ground. This transmitted through cable driver 146 and
closed relay contact 146a is now effective on lead 99.
When monopulser 141 goes to ground after 2 micro-
seconds, this ground is changed to a negative voltage m
the output of inverter 1414. This is translated into a
2-microsecond negative voltage pulse which is changed 1n
the output of monopulser 141a and transmitted via lead
1415 to the set side of transmit send message flip-flop
260 which is thereupon activated to the set state. 'This
2-microsecond negative voltage pulse is also supplied via
lead 141c to the reset side of receive discard message
flip-flop 261 for resetting it. Thus, inverter 141d serves
to provide a 2-microsecond delay ‘between the setting
of flip-flop 140 and the resetting of flip-flops 260 and
261. Flip-flop 261 is reset because .ground is effective on
lead 2224 due to the fact that the system is not being
cleared at this time as previously mentioned. In the
reset state, the output of flip-flop 261 is a negative voltage
which is applied on lead 261a to one input of No. 1
data terminal clear AND-NOT gate 262 in FIG. 14
which is thereby caused to change its output on lead
262a to ground. Simultaneous second and third inputs
of ground to gate 262 are received from the output of
No. 1 data terminal NOT-OR gate 263 and via closed con-
tact 264a associated with released message on line relay
264. The output of gate 263 is jground for the reason
that receive transmit message relay 265 in FIG. 18 is

released at this time whereby its open contacts 265a in «

FIG. 14 enables a negative voltage produced at associated
voltage divider 265b to be applied as one input thereto,
and ground effective on lead 222q, since the system is not
being cleared at this time as above mentioned, is applied
as the second input thereto. Since the output of gate 262
is ground on lead 2624, this ground also effective on lead
262b fails to activate monopulser 267 in FIG. 21 for a
reason that is mentioned later. -

When flip-flop 260 in FIG. 11 was set as hereinbefore
stated, the output of its 1-side provided ground which
completes the operating path for operating transmit send
relay 268. Now this relay closes its contact 2682 in

FIG. 19 thereby connecting a source of negative voltage

to its associated lead 269. This completes an energizing
path for receive send message relay 271 shown in FIG.
26. This relay opens its break contact 271« in FIG. 29
whereupon voltage divider 2715 is enabled to provide a
negative voltage to the set side of receive send massage
flip-flop 186 which is thereby set. Now, this flip-fiop
provides in the output of its O-side a negative voltage
which is changed to ground in the output of inverter 185.
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This ground applied to send message AND-NOT gate

272 is changed in the output thereof to a negative voltage
because ground is on the signal on OK to check flip-flop

lead 272a from the output of the O-side of flip-flop 273

at this time. This is so since flip-flop 273 is presently in
the reset state for the reason that a negative voltage is
effective on leads 250 and 2505 via closed contact 2508
as previously stated. As a consequence of the negative
voltage applied to its reset side, flip-flop 273 is activated
to the reset state. - Returning to gate 272 whose output
1S nOW a negative voltage, as previously noted, this volt-
age applied through send message cable driver 274 and
closed relay contact 274aq appears on send message lead
275 to the No. 1 data terminal.

As the ground output of inverter 185 in FIG. 29 is
now applied to send message gate 276, this gate provides
in its output a negative voltage. This is so for the
reason that the output of the 0-side of message sent flip-
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30
flop 277 is ground since the latter flip-flop is in the reset
state. 'This state obtains at the moment because the
No. 1 data terminal has not yet transmitted the message
sent signal which is a negative voltage effective via lead
277b in a manner that is mentioned below. The nega-
tive output of gate 276 via lead 1844 activates receive
driver flip-flop 184 in FIG. 31 and transmit driver flip-
flop 278 in FIG. 28 to the reset state. The latter fiip-
flop is set because ground is received from the output of
inverter 415f. When flip-flop 278 is set, the output of its
1-side provides ground which completes an operating cir-
cuit for relay 278b. This relay operates to close its as-
sociated contact 278¢ in FIG. 23 to supply ground for
completing the operating circuif for each of four transmit
driver relays represented by relays 279« through 279m.

In operating, relay 279a closes its contact 279 there-
by supplying ground to complete the operating paths for
transmit send relay 280 and 10 transmit relays 28@a,
causing them to operate. Here, the term a represents
the integer 10 so that the group of relays 2804 com-
prises 10 in number, each relay including 6 contacts.
When operated, a first relay, for example, of the group
of 10 relays 280a closes its contacts 2805 and 280c¢ rep-
resenting 6 contacts thereby connecting a source of nega-
tive voltage and ground to three pairs of leads repre-
sented by leads 161a and 161b, respectively, upon the
closure of another contact that is later mentioned. In
a similar manner each of the nine remaining operated
relays of the relay group 288a closes its 6 contacts rep-
resented by contacts 2804 and 280e which, together with
another closed contact to be later identified, apply a
source of negative voltage and ground to each of the
27 remaining pairs of leads represented by the pair of
leads 161c and 1614.

The closure of contact 278c¢ as just mentioned also sup-
plies ground to two relays, intermediate relays 2794 and
279m, but not shown, whereby such intermediate relays
are operated to close the individual contacts associated
therewith and equivalent to contact 279 of relay 279%a.
The closed contact of each of the two intermediate relays
supplies ground to complete the operating paths or of a
group of 10 relays, each including 6 contacts and iden-
tical with each of the 10 relays in the relay group 280a.
Thus, the two intermediate groups of 10 relays provide
60 pairs of closed contacts, each pair corresponding
with each of the contact pairs 2800 and 280c or 280d
and 28Qe. FEach pair of the 60 intermediate contact
pairs, together with a closed contact to be later iden-
tified, serves to control the connection of a source of
negative voltage and ground to the respective pairs of
the 60 intermediate lead pairs, not shown but equivalent
to each of the conductor pairs represented by the 30
conductor pairs 161a and 161) or 161c and 16id. Thus,
the 60 intermediate lead pairs, not shown but equivalent
tact pairs 1n FIG. 23 correspond with the 60 interme-
diate pairs of leads and associated contact pairs in
FIG. 16. |

In addition the operation of relay 279m in FIG. 23
and the closure of its associated contact 2795 supply
ground to the operating paths of the 10 relays in the
group 280rn, each relay including 6 contacts, whereby
these relays are operated to close their 30 associated
contact pairs represented by contact pairs 280f and 280g
or 2804 and 280i, respectively. - Each of the 30 closed
contact pairs, together with a closed contact to be here-
inafter identified, controls the connection of a source

‘of negative voltage and ground to the respective leads

of the 30 pairs of leads represented by lead pairs 161e
and 161f and 161g and 1614. The 30 contact pairs 280f
and 280g through 2804 and 280i correspond with the

similar contact pairs 158¢ and 158f through 158¢ and
1587~ 1n FIG. 16. Thus, the operation of the four re-
lays 279a through 279m and of the 40 relays 280q
through 280n control the transmission of the respec-
tive bits of the 120-bit message via the 120 pairs of leads
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161a and 1615 through 161g and 1614 and the 120 line
‘relays 191 through 191¢ from the No. 1 data terminal
to the main data terminal in a manner that is further
explained hereinafter. |

Flipflop 184 in FIG. 31 is activated to the set state
when the negative voltage on lead 1844 in the output
of gate 276 in FIG. 29 is supplied to the set side of the
flip-flop while ground is also supplied thereto from the
output of gate 182 at the same time. This ground is
due to the fact that since the main data terminal is not
transmitting a message at this time, relay 172 in FIG.
26 is de-energized and its associated contact 172b is
open. As a consequence, a negative voltage provided via
voltage divider 172¢ is supplied to the input of gate 182
which is thereby activated to produce the aforenoted
ground input to the set side of flip-flop 184. When set,
this flip-flop provides in the output of its 1-side ground
which completes the operating path for relay 187, there-
by causing this relay to operate and close its contact
1874 in FIG. 24 for completing an operating path to
ground for two relays 188 and 1885. ‘The operation of
relay 188 closes its associated contact 188a which com-
pletes operating paths to ground from 'a source of posi-
tive voltage for relay 175 and a group of 10 relays 189,
each including 6 contacts for a purpose that is later men-
tioned. Similarly, relay 1885 operates to close its as-
sociated contact 188c to provide ground for operating an
additional 10 relays 1884, also including 6 contacts for
the last-mentioned purpose. The first relay of the ten
in the group 189 operates to close its associated contact
190 in FIG. 23 while the remaining 5 contacts of the
first relay close 5 additional and similar contacts asso-
ciated with the 30 line relays 190 through 190a. Thus,
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30 of the 60 closed contacts of the ten relays in the relay .

group 189 closes all of the 30 contacts 190 through 1904
associated with the 30 L1 through L30 line relays 191
through 191a. The remaining 30 closed contacts of the
relay group 189 are associated with the first 30 line
relays included in the 60 intermediate line relays L31-
L90 in FIG. 23. Finally, the first 30 closed contacts
of the ten relays in the relay group 1884 are associated
with the second 30 line relays included in the 60 inter-
mediate line relays L31-L9¢ while the remaining 30
closed contacts of the relay group 1884 close the 30
contacts 1905 through 190c associated with the 30 L91—
L.120 line relays 1915 through 191c in FIG. 23.

It 1s recalled from the foregoing that when flip-flop
186 in FIG. 29 was set, the output of its 0-side provided
a negative voltage which was supplied on lead 284 to
the set side of instruction received flip-flop 285 in FIG.
28, thereby activating it to the set state. Now, the out-
put from the 1-side of flip-flop 285 provides ground
which is applied to the input of monopulser 320 for a
purpose that i1s later explained. At the same time the
output from the O-side of flip-flop 285 on lead 2855 is
a negative voltage which is changed in the output of
NOT-OR gate 286 to ground on its output lead 2864.
This ground is changed in the output of inverter 287 to
a negative voltage which is applied via cable driver 288
and closed send message contact 288z to instructions
received lead 289. The negative voltage in the output
of the O-side of flip-flop 285 effective on leads 285b and
285¢ is also applied to a first input of AND-NOT gate
2854 1 FIG. 30 which is now further activated to
change its output at this time. This is so for the reason
that since received message ready relay 290 in FIG. 26
1s released,. its associated contact 290z in FIG. 30 is
open whereupon voltage divider 280e¢ also applies a nega-
tive voltage to the other input of gate 2854. This gate
is therefore being supplied with two simultaneous inputs
of negative voltage and is thereby activated to continue
the ground in its output, | "

When the output of the 0-side of flip-flop 186 in FIG.
29 in the set state provided a negative voltage, this ‘was
changed in the output of inverter 185 to ground which
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1s applied to the input of message sent acknowledgement
gate 185) thereby causing the latter to supply in its out-
put a negative voltage. At this time, the other input to
this gate is ground which is still effective on message sent
lead 2775 as just mentioned. The negative voltage in
the output of gate 1855 is simultaneously applied to the
inputs of operate input gate inverters 185c, 185d, 185e,
and 1857/, The output of inverter 185c¢ provides ground
which appears on lead 185g and which is simultaneously
supplied as a first input to each of 30 of 120 input gates
represented by gates 1854 through 185{. The outputs of
inverters 1854 and 185e¢ also provide ground which is
supplied via leads 185n and 185p to the inputs of 60
intermediate gates, that is, the 31 through 90 gates, of the
120 input gates. The output of inverter 185f also pro-
vides ground which is applied via lead 185s to the first
inputs of the 30 remaining gates 185k through 185m of
the 120 input gates. It is noted that 30 leads 291 through
291a extending from the No. 1 data terminal are con-
nected to the second inputs of the 30 gates 1854 through
185:¢ for transmitting the 1 through 30 bits of the 129-
bit message to be transferred; 60 leads 2915 through 291c
extending from the No. 1 data terminal are connected to
the second inputs of the 60 intermediate gates for transmit-
ting the 31 through 90 bits of the 120-bit message just
mentioned; and 30 leads 2914 through 291e extending
trom the No. 1 data terminal are connected to the second
inputs of the final 30 gates 185% through 185m for trans-
mitting the 91 through 120 bits of the last-mentioned 120-
bit message, in the manner that is subsequently explained.
When ground is supplied to the second inputs of the re-
spective gates, together with ground to the first inputs there
oi, then such gates are activated to provide negative volt-
age in their outputs. On the other hand, when negative
voltage is supplied to the second inputs of the respective
gates, together with ground to the first inputs thereof,
then such gates are not activated but are enabled to
continue to provide ground in their outputs. = As pre-
viously mentioned, the message to be transferred com-
prises 120 “0” and/or “1” bits transmitted simultaneously
in parallel on the 120 discrete leads represented by the
120 leads 291, 291a, 2915, 291c, 291d and 291¢ extend-
ing between the No. 1 data terminal and the correspond-
ing 120 gates 1854 through 185m as just mentioned.

The outputs of the 30 gates 1854 rhrough 185/ are
connected to the set sides of 30 associated DRI through
DR390 flip-flops 292 through 292a which have the out-
puts of their 1-sides connected to the operating windings
of 3G associated relays 293 through 293a. The outputs
of the 60 intermediate gates are connected to the set
sides of 60 associated DR31-DR90 flip-flops, not shown
which have the outputs of their 1-sides connected to the
operating windings of 60 associated relays, not shown.
The outputs of the 30 gates 1854 through 185m are con-
nected to the set sides of DR91-DR128 flip-flops 2925
through 292¢ which have the outputs of their 1-sides con-
nected to the operating windings of the 30 dssociated
relays 293) through 293c. The operating windings of the
120 relays are shunted by diodes which serve as current
surge protection devices for the flip-flops 292, 2924, etc.
Thus, the 120 bits transmitted on the 120 leads repre-
sented by the leads 291, 291qa, 2915, 291c, 2914 and 291¢
control the activation of the 120 RD1-DR120 data
register flip-flops represented by the flip-flops 292-292a,
the mtermediate flip-flops, and the flip-flops 29256-292¢.
These in turn control the operation of. the 120 as-
sociated data register relays represented by relays 293—
293a, the intermediate relays, and relays 2935-293c.

If a given data bit “1,” for example, were to. be trans-,
ferred from No. 1 data terminal via channel A to the
main data terminal, then the corresponding signal on
lead 291 in FIG. 27 is ground which is applied to the
input of gate 185/ together with ground on lead 185¢.
This gate is thereby activated to provide in its output a
negative voltage which is applied to the set side of DR1
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flip-flop 292 to set it. On the other hand, if a given data
bit “0,” for example, were to be transferred from the
No. 1 data terminal via channel A to the main data
terminal, the corresponding signal on lead 291 is a nega-
tive voltage. Now, negative voltage and ground are
simultaneously applied to the two inputs of gate 183h
which remains in status quo of its ground output and its
associated flin-flop 292 remains in the resef state. In
the set state, in response to the transfer of “1” bit, thp-
flop 292 provides in the output of its 1-side ground which
completes the operating circuit for relay 293. This relay
operates to close its associated contact 2934 in FIG. 23.
When flip-flop 292 remained in the reset state in response
to the transfer of a “0” bit, the output of its 1-side pro-
vided a negative voltage which does not complete the
operating path of relay 293 whereby the latter remains
in the released state and its associated contact 293d re-
mains open,

In a similar manner, the remaining 29 relays of the
30 relays 293 through 293a are operated or nonoperated
to close or fail to close the remaining 29 associated con-
tacts of the 30 contacts 2934 through 293¢ in FIG. 23; the
“1” and/or “0” bits constituting the 31 through 90 bits of
of the 120-bit message and transmitted on the 60 inter-
mediate leads 2915 through 291c¢ in FIG. 27, together
with the ground outputs of inverters 1854 and 185e in
FIG. 28, control the activation of the 60 intermediate
gates and corresponding flip-flops DR31 through DRS0
and thereby the operation or nonocoperation of the 60
associated relays, not shown, and contacts in FIG. 23;
and the “1” and/or “0” bits constituting the 91 through
120 bits of the 120-bit message and transmitted on the
30 leads represented by leads 291d through 2%1e¢ in FIG.
27, together with ground in the output of inverter 185/
in FI1G. 23, control the activation of the 30 gates repre-
sented by gates 185k through 185m and corresponding
DRO91 through DR12¢ flip-flops represented by the flip-
flops 292b through 292¢ and thereby the operation of the
associated 30 relays represented by the 30 relays 2935
through 293¢ and 30 contacts represented by the 30 con-
tacts 293f through 293¢ in FIG. 23. The closure or non-
closure of discrete contacts of 120 contacts comprising the
30 contacts 293d through 293¢, the 60 intermediate con-
tacts, and the 30 contacts 293f through 293¢ in FIG. 23
determines the completion of the operating paths of the
corresponding discrete relays of the 120 L1 through 1129
line relays comprising 30 L1 through L3¢ line relays 191
through 1914, the 60 131 through 120 intermediate
relays, and the 30 L91 through L12@ line relays 1915
through 191c. |

Assuming contacts 190, 2805, 280c and 293d asso-
ciated with the L1 relay 191 in FIG. 23 are closed, this
contact closure completes an operating path from a source

of negative voltage to ground for the relay which is

thereby operated. This connects the voltage source and
ground to leads 161a and 1615, respectively, for a pur-
pose that is later mentioned. On the other hand, assum-
ing any one or more of the contacts associated with the
L1 relay 191 is opened, this fails to complete the operating
path for the relay which remains in the released condition.
This serves to remove the voltage source and ground
from the leads 161¢ and 1615. In a similar manner, the
L2 through L120 line relays are operated or nonoperated
for supplying the voltage source and ground to the asso-
ciated leads 161c and 1614, the intermediate leads, and the
leads 161e and 1617 and 161¢ and 161/, or withholding
them therefrom. Thus, each of the operated line relays
serves to transmit a “1” bit while each of de-energized
line relays serves to transmit a “0” bit. That is to say,
a “1” bit transmitted on a pair of leads is represented by
the removal of current therefrom while a “0” bit trans-

mitted on a pair of leads is represented by no change in
the transmission of the current thereon.
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Message sent signal from No. 1 data terminal to interface

Within a predetermined period of time say, for example,
600 microseconds for the purpose of the instant descrip-
tion, after a send message signal is transmitted from the
interface to the No. 1 data terminal, a message sent signal
is transmitted via lead 277b and closed relay contact
277d in FIG. 29 from the No. 1 data terminal to the inter-
face and thereby to the main data terminal. This message
sent signal comprises on lead 277b a negative voltage
which is applied to the set side of message sent flip-flop 277
which is thereby activated to the set state and to the reset
side of clock activate flip-flop 252 which is thereby acti-
vated to the reset state. This flip-flop is reset because the
have message signal effective on lead 250 via closed con-
tact 2504 and transmitted from the No. 1 data terminal
is ground which is applied to the set side of flip-flop 252.
In the reset state flip-flop 252 supplies a negative voltage
from the output of its 1-side to the operating winding of
relay 252a¢ which i1s thereupon de-energized to open its
contact 2525 for removing ground from its associated lead
256 in FIG. 26. Thus, associated No. 1 terminal clock
activate lead 256 is interrupted in the transmission of the
activating voltage from the No. 1 data terminal to relay
236a 1n FIG. 19 whereupon this relay and associated cir-
cuit are restored to normal. |

When flip-flop 277 in FIG. 29 was set as just mentioned,
the output of its 0-side provides a negative voltage which
is applied to the reset side of transmit message flip-flop
251. This is thereby activated to the reset state so that
the output of its 1-side is a negative voltage which serves
to de-energize the operating winding of its associated relay
25156, This relay returns to the released condition to open
its contact 251c thereby removing the source of negative
voltage from its associated lead 254 in FIG. 25. This
interrupts the energizing voliage for relay 257 in FIG. 18
thereby discontinuing the have message signal sent from
the No. 1 data terminal. This relay and its associated
circuit are thereupon restored to normal. Referring now
to FIG. 18, the release of relay 257 opens its contact 2574
in FIG. 11 thereby enabling voltage divider 2575 to apply
a negafive voltage to have message gate 138. This does
not aftect the output of the gate for the reason that the
output of the 0-side of busy idle flip-flop 140 supplies
ground via leads 1404 and 1405 to gate 138.

When the output of the 0-side of flip-flop 277 in FIG.
29 provides negative voltage, this is applied to the input
of gate 276 whose output is thereupon changed to ground.
This is so for the reason that the other input to gate 276 is
ground received from the output of inverter 185 whose
input is receiving a negative voltage from the output o

fiip-flop 186 which is now in the set state. |

The message sent signal of negative voltage effective
on lead 27756 in FIG. 29 as above mentioned and applied
to the input of gate 1855 is changed in the output thercof
to ground because, as above stated, the output of inverter
183 1s ground at this time. Now, the output of gate 1855
provides ground which is simultaneously applied to the
inputs of inverters 185c, 185d, 185¢ and 185f in FIG. 28
and changed in the outputs thereof to a negative voltage.
This voltage appearing on leads 185g, 185#, 185p and 185s
in F1G. 27 is applied to one input of each of the 120 gates
represented by the 30 gates 185/ through 185i, the 60
intermediate gates, and the 30 gates 185k through 185m:in
F1G. 27, together with ground applied to a second input of
each of the 120 gates via the 120 leads represented by the
30 leads 291 through 2914, the 60 intermediate leads, and
the 30 leads 2914 through 291e. These voltage and
ground inputs activate all gates to provide grounds in their
outputs. These grounds effective at the set sides of the 120
data registers 292 through 292c ias above identified replace
the negative voltage theretofore thereon whereby these
registers are permitted to return to the reset state in which
outputs of their 1-sides provide negative voltage. This
voltage serves to interrupt the eperating paths for all of
the 120 associated relays 293 through 293¢ that were Op-
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erated thereby opening such of the 120 contacts 293d
through 293¢ in FIG. 23 that are associated therewith.
. This opens the previously traced operating paths for those
of the 120 line relays 121 through 19%c¢ that were operated.
At this time, all 120 line relays in FI1G. 23 are in the re-
leased state.

When relay 280 operated in response to the closing of
contact 27% associated with relay 27%9q in FIG. 23 as pre-
viously mentioned, a first contact 280m of relay 286¢ is
closed to supply ground to an operating path for relay 295
which is a slow operate type as shown in FIG. 29. This
ground is also supplied via a second closed contact 280p of
relay 2883 to discard message AND-NOT gate 296 in
FIG. 30, When relay 295 is eventually operated to open
its break contact 2954, a negative voltage provided by
voltage divider 2985 is simultaneously supplied to AND-
NOT gate 295¢ and the set side of flip-flop 273. This flip-
flop is thereby activated to the set state to provide in the
output of its 1-side a ground which, together with the
ground on lead 2864 from the output of gate 286, stimu-
lates OK to check driver AND-NOT gate 297 to provide
in its output a negative voltage. This voltage passed
through cable driver 298 and closed contact 298a appears
on lead 298b extending into the No. 1 data terminal.

This negative voltage informs the No. 1 data terminal

that the message sent therefrom to the main data terminal
as just described is returned for the purpose of checking.
At this time, the No. 1 data terminal has the choice of
completing the transmission of the message to the main
data terminal or terminating the transmission thereof.

Completion of daia transmission from the No. I data
terminal to the main data terminal

Referring now to FIG. 30, a negative voltage effective
on lead 368 indicates the No. i data terminal is ready to
transmit a message to the main data terminal. This
voltage is applied via closed relay contact 3084 to trans-
mit message NOT-OR gate 301 which produces in its out-
put a ground voltage which is supplied to transmit mes-
sage 1nverter 3¢2 whose output is thereupon caused to
include a negative voltage. This voltage is then applied
to transmit message monopulser 383 which produces in its
output a 5-microsecond negative voltage. This voltage
eitective via leads 393z and 287 and applied to the reset
side of flip-flop 184 in FIG. 31 serves to activate it to
the reset state, and applied directly via lead 3034 to the
set side of transmit message flip-flop 364 in FIG. 30
serves to stimulate it to the set state. The resetfing of
flip-flop 184 effects a negative voltage in the output of its
l1-side to interrupt the previously mentioned operating
path for relay 187 which thereupon releases. This relay
opens 1fs contact 187a in FIG. 24 which then interrupts
the previously mentioned operating paths for 20 relays
188 and 188)5 whercupon these relays are released. Re-
leased relay 188 opens its contact 188a to interrupt
the previously mentioned operating paths for relays 175
and 139. Released relays 1885 open its contact 188c
to interrupt the previously traced operatlng paths for re-
lays 188d which then release.

The released relays 1884 and 1889 open their respective-
ly associated 12& contacts 190 through 120c as above
noted in FI1G. 23 to interrupt the previously traced operat-
ing paths for the 120 L1 through L1286 line relays 191
~through 191¢ which thercupon release. As released,
these relays transmit no useful information to the No. 1
data terminal. Flip-flop 384 in FIG. 3D in the set state at
the moment provides ground in the output of its 1-side to
-complete an operating path for transmit message relay
304a. This relay then transmits via its closed contact
3045 in FIG. 25 a negative voltage on transmit message
lead 304c to complete an operating path for relay 265
in FI1G, 18. This relay operates to close its associated
contact 2654 1n FIG. 14 whereby ground is simultaneous-
1y supplied to acknowledgment NOT-OR gate 263, send
message AND-NOT gate 3845, and message sent gate 386.
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Gate 305 is also being concurrently supplied via lead
307a with ground from the output of acknowledgment
inverter 307 in FIG. 15 whose input is now being sup-
plied with a negative voltage from the output of the 1-side
of acknowledgment flip-flop 266 in FIG. 15 resting in
the set state at the moment. This flip-flop was set during
the transmission of the last message from the No. 1 data
terminal to the main data terminal. As a consequence of
these two concurrent ground inputs, gate 305 produces
in its output a negative voltage which is transmitted to
send message inverter 3809 whose output of ground is
supplied via send message cable driver 318 and closed
relay contact 318a to have message lead 3195, This

-ground signal is supplied to the interface shown in FIG.

SA to inform the main data terminal that a message is
awatting transfer thereto from the No. 1 data terminal.
As 1ndicated in FIG. 8A, the interface in response to a
proper command signal that 1s later identified provides
a negative voltage on lead 311. This voltage is applied
via lead 311 and closed contact 311a to the set side of
receive driver flip-flop 322 shown in FIGS. 51 and 14
which is thereby set.

Fhp-flop 312 in the set state supplies ground from the
output of its 1-side to complete the operating path for
receive driver relay 312a which is thereupon operated.
This relay closes its contact 3125 in FIG. 17 whereby

ground is supplied to complete the operating paths for
relays 313 and 313a. Relay 313 closes its contact 313e
to supply ground for completing the operatm paths for
relay 313f and 313g, the latter comprising a group of 10
relays. Relay 313a closes its associated contact 3134
to ground for completing operating path for relay 313m
which cempris s another group of 10 relays. FEach of
the relays in the respective groups 313g and 313m in-
cludes 6 contacts. The relays 3124, 313, 313, 313,
313z and 313 correspond with the relays 187, 188, 18850,
175, 189 and 188d, respectively, shown in FIGS. 31 and
24 aﬂd discussed hereinbefore. Five of the relays in the
group of 10 relays 313g close their 30 contacts repre-
sented by the contacts 313rn through 313p to 30 1.1

- through 1.30 line relays represented by relays 321 through

321a m FIG. 16; five remaining relays of the group of
10 relays 313g and five relays of the group of 10 relays
313m close their 60 contacts to 60 L31 through 199 line
relays, not shown, in FIG. 16; and the remaining five re-
lays of the group of 10 relays 313m close their 30 con-
tacts represented by contacts 313r through 313s to 30
19% through L12¢ represented by relays 3215 through
321c in FIG. 16. In regard to the 120 line relavs 1.1
through L1128 represented by relays 321 through 32ic in
FIG. 16, it 1s recalled from the previous explanation that
a source of negative voltage and ground is now connected

‘at the No. 1 control logic terminal to the 120 pairs of

leads represented by leads 161a, 1615b, 161c, 1614, the 60
pairs of intermediate leads, and the leads 161e, 161f,

161g and 1614 in FIG. 16, whereby the last-mentioned
120 line relays are operated.

Each of the 120 L1 through L1268 line relays in FIG.
16 In the operated condition opens its break contact and
closes its make contact included in 120 pairs of such con-
tacts represented by break contact 313w and make con-
tact 313v in FIG. 10. These contact openings and clos-
ures apply ground fo each of 120 line leads represented
by lead 313x. Each of these leads includes an outgoing
gate relay contact 313/ which is closed at this time for
the reason that the associated relays are always closed
when the overall system is in an operative condition as
will be hereinafter explained. Thus, the contacts 313j
and 313v are closed in each of the 120 line leads where-
by ground is applied thereto. In connection with the 120
L1 through L1290 line relays represented by line relays
321 through 321ic in FIG. 16, it is understood that only
those line relays fransmitting a “1” bit are operated to
transmit the ground just mentioned while the remainder
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of the line relays are unoperated for interrupting the
ground to transmit a “0” bit.

When relay 313f in FIG. 17 operated, it closed ifs con-
tact 313m in FIG. 14 to complete an operating path
for slow operate relay 264 which operates to open 1ts
contact 264a whereby a negative voltage provided by
voltage divider 264c is simultaneously applied to the set
side of flip-flop 216 thereby activating it to the set state
and to one input of gate 262. This flip-flop in the set
state provides in the output of its 1-side ground which is
applied to one input of gate 306 whose second input is
being supplied with another ground signal via closed re-
lay contact 265a as hereinbefore mentioned. The third
input to gate 389 is ground received via lead 307a from
the output of inverter 307 in FIG. 15 which received a neg-
ative voltage from the output of the 1-side of flip-flop 266
in FIG. 15 for indicating a proper termination upon the
completion of the next-preceding message transmission in
the same direction as that of the instant message trans-
fer, that is, in the direction from the No. 1 data terminal
to the main data terminal for a reason that will be pointed
out hereinafter. Ground is also effective on lead 223a
from the output of the 0-side of flip-flop 227 in FIG. 13
which is now in the reset state. As all four inputs to

gate 306 in FIG. 14 are simultaneous ground, this gate 2

provides in its output a negative voltage which is trans-
mitted through message sent cable driver 3064 and closed
contact 3065 to lead 306¢c. This negative voltage trans-
mitted on lead 3986¢ to the interface in FIG. 8A stimu-
lates the interface to return on message received lead 314
in FIG. 8A in a manner that is subsequently described.
This negative voltage effective on lead 314 in FIG 15 and
applied via closed contact 353x to the input of the 1-side
of flip-flop 266 stimulates the latter to the set state. This
flip-flop then provides a ground in the output of its 1-side
and negative voltage in the output of its 0-side. This
ground is changed in the output of inverter 307 to a nega-
tive voltage which is applied on lead 3074 as an inhibit
to gates 305 and 306 in FIG. 14 so that the outputs of
both latter gates provide ground. At the same time the
negative voltage in the output of inverter 307 transmitted
via lead 307a and applied to the reset side of flip-fiop
312 in FIG. 14 which is also receiving ground on leads
222a and 307h. This flip-flop is activated to the reset
state so that its 1-side output provides a negative voltage
to interrupt the operating path for relay 3124 whereupon
this relay 312a releases to open its contact 31256 in FIG.
17. This removes ground from the operating paths of
relays 313 and 313a whereupon these relays release to
open their contacts 313e¢ and 3134 to interrupt the op-
erating paths for relays 313f, 313g and 313m. Relays
313¢ and 313m release to open their associated contacts
313n through 313s in FIG. 16 as previously identified for
interrupting the above-traced operating paths for the 120
L1 through L1128 line relays 321 through 321c as pre-
viously mentioned. These relays release to open their
contacts 313v and to close their contacts 313w for re-
storing the 120 outgoing lines 313x in FIG. 10 to the idle
state.

The negative voltage in the output of the 0-side of flip-
flop 266 in FIG. 15 as aforementioned is applied to the
set side of flip-flop 267 thereby activating it to the set
state. Now, the output of the 1-side of this flip-flop pro-
vides a ground to complete an operating path for relay
267a which, on operating, closes its contact 2675 in
FIG. 19 which provides a negative voltage on lead 315
to complete an operating path for relay 290 in FIG. 26.
This relay operates to open its contact 2965 in FIG. 30
thereby supplying a negative voltage effected by voltage
divider 290c¢ to one input of discard message NOT-OR
oate 316. The discard message input on lead 206 and
closed contact 2065 is ground because a discard message
signal is not presently originated at the No. 1 data ter-
minal at this time. As a consequence, gate 316 provides

in its output a ground which is supplied to one input of
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gate 296, together with a second ground input which is
also being supplied thereto via closed contact 280p of
relay 280 in FI(G. 23 which is now operated as previously
mentioned. As the two inputs to gate 296 in FIG. 30
are ground, the output of this gate provides a negative
voltage which is applied (1) to the input of the set side
of transmit discard message flip-flop 317 thereby activating
it to the set state, (2) via lead 296a to the reset side of
flip-flop 278 in FIG. 28 for resetting it as ground is on
lead 381 for the reason that the system is not being auto-
matically cleared in a manner to be mentioned later, and
(3) on lead 2965b to the set side of discard message flip-flop
318 1n FIG. 29 for setting it.

Flip-flop 278 in FIG. 28 in the reset state providing a
negative voltage in the output of its 1-side interrupts the
operating path for relay 278b which thereupon opens its
contact 278¢ in FIG. 23 thereby interrupting the previously
traced operating paths for the relays 2794 and 279m
which now release. These released relays in turn open
their contact 279, the intermediate contacts and contact
279b to interrupt the operating paths for relays 284,
As a con-
sequence, these relay groups open their associated con-
tacts 28056, 280c, 2804, 28%¢, the intermediate contacts
and contacts 280f, 280g, 280/ and 280 to interrupt the
negative voltage and ground being theretofore supplied
to leads 161a, 1615, 161c, 161d, the intermediate leads,

and leads 161e, 161f, 161g and 161/ as previously men-

tioned. Release of relay 289 opens ifs contact 288m In
FI1G. 29 which removes ground from the operating path
of relay 295 thereby enabling it to release. Ground is
provided via the closed contact 295q of this relay to the in-
put of the 1-side of flip-flop 273 and one input to gate
295¢. This ground, together with a second ground input
to gate 295¢, causes the gate to produce in its output a
negative voltage which is supplied on lead 295f to the
input of the reset side of flip-flop 285 in F1G. 28 which is
thereby activated to the reset state. Now, the output of
the O0-side of this flip-flop includes ground while its 1-side
output contains a negative voltage. This ground is sup-
plied on lead 285bh to one input of gate 286 in FIG. 30
and on leads 28556 and 285c¢ to one input of gate 283d.
- The ground on lead 285¢ and the ground now being
simultaneously supplied via closed contact 226a of op-
erated relay 229 in FIG. 26 to gate 2854 in FIG. 30
stimulate the latter to provide a negative voltage 1n its
This voltage applied to the input of the reset

since the system is not being manually cleared at this
time in a manner to be mentioned later. This flip-flop
thereupon provides in the output of its 1-side a negative
voltage thereby removing ground from the operating path
This releases to open its contact 3045 to
remove the negative voltage from lead 3¢4¢ in FIG. 25
thereby interrupting the previously traced operating path
for relay 265 in FIG. 18. This releases to open ifs con-
tact 265a in FIG. 14 thereby enabling a negative voltage

provided by voltage divider 2656 to be applied simul-

taneously to the inputs of gates 263, 365, and 306. This
voltage does not effect any action in gates 305 and 306
at the moment. Gate 263, however, provides in its output
a ground which is applied as one input to gate 262. Now,
it is recalled that when relay 313f in FIG. 17 released as
just mentioned it opened its contact 313m which inter-
rupted the operating path for relay 264 in FIG. 14. This
rclay releases to close its contact 264a whereby a ground
is supplied to the input to the set side of flip-flop 216 and
as a second input to gate 262. This gate, for the moment,
effects no action therein.

- The ground output from gate 385 in FIG. 14 applied
via lead 3055 to the input of inverter 305« is changed
in the output thereof to a negative voltage which is applied
to the input of the reset side of flip-flop 216 which is there-
by activated to the reset state. Now, the output of the

0-side of this flip-flop provides via lead 216a ground
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which is applied as one input to gate 166 in FIG. 13 but
stimulates no action therein at this time for the reason
that the message transfer is not in the direction from the
main station to either the No. 1 or No. 2 data station
at the moment. The logic sequence time diagrams for
the aforedescribed message transfer from the No. 1 data
terminal to the main data terminal are shown in FIG. 35.

Operation to discard message originated at the No. 1
data terminal

Referring now to FIG. 30 regarding the operation to
terminate the transfer of a message originating in the
No. 1 data terminal, lead 206 provides a negative voltage
which is applied via closed contact 2065 and on lead 206«
as one input to the reset side of flip-flop 184 in FIG. 31.
Of the remaiming inputs to the reset side of this, gate,
lead 2045 includes ground because message transfer from
the main data terminal to the No. 1 or No. 2 data ter-
minal is not involved; and lead 207 is at ground for the
reason that an actual message transfer from the No. 1
data terminal to the main data terminal is not involved.
The negative voltage on lead 206a as just mentioned re-
sets Hlip-fiop 184 which thereupon changes the output of
1ts 1-side to a negative voltage thereby interrupting the
previously mentioned operating path for relay 187. This
relay releases to open its contact 874 to interrupt the
operating paths for relays 188 and 18856 which release to
open their associated contacts E88a and 188¢ for inter-
rupting the operating paths of the relays 189 and 188d.
These relays are then released to open their 120 contacts
190 to 1%8c comprising the 30 contacts 129 through 198q,
the 60 intermediate contacts, and the 30 contacts 1965
through 1%@c in FIG. 23 thereby interrupting the op-
erating paths of the 120 line relays comprising the 30
relays 191 through 121¢, the 60 intermediate relays, and
the 30 relays 1915 through 191c¢ as above discussed.

Referring back to gate 316 which received the nega-
tive voltage on lead 206 in FIG. 30 for representing the
discard message, it is recalled that lead 29%0d was at
ground. As a consequence, gate 316 provides in its out-
put a ground which is supplied to gate 296 which is also
being furnished at this time with a ground via closed
contact 28%p 1in FIG. 30 of operated retay 280 in FIG. 23,
These two simultaneous inputs to gate 296 cause it to pro-
vide 1n its output a negative voltage which i1s applied both
to the input of the set side of flip-flop 317 and via lead
296a to the input to the O-side of flip-flop 278 in FIG.
28 whereby fiip-flop 317 is set and flip-flop 278 is reset.
Reset flip-flop 278 provides a negative voltage in its 1-side
output thereby inferrupting the previously mentioned op-
erating path of relay 27846 which is then released. This
relay thereupon opens its contact 278c in FIG, 23 to
1interrupt the above-identified operating paths of the relays
279a and 27%9m which then open their contacts 279 through
279b, including the corresponding contacts of the inter-
mediate relays. These open contacts serve to interrupt
the previously mentioned operating paths for relay 286
and the groups of relays represented by relays 280q, the
intermediate relays and relay 283%n. These relays are
then released to open their 120 pairs of contacts repre-
sented by the contact pairs 2885 and 288c¢ through 2804
and 280¢, the intermediate contact pairs and the contact
pairs 280F and 280g through 288/ and 289/ thereby in-
terrupting the afore-identified operating paths of the 120
line relays represented by the relays 1921 through 1914,
the intermediate relays and the relays 1915 through 191c.

When relay 288 releases, its contact 280p in FIG. 30
is opened thereby enabling voltage divider 317¢ to apply
a negative voltage to the reset side of flip-flop 317 which
1s thereupon reset; and at the same time its contact 280m:
in FIG. 29 is opened to interrupt the aforestated operating
path of relay 295 which then releases. Now closed con-

tact 2954 of released relay 295 supplies ground simul-
taneously to one input of gate 295¢ and to the input to the
set aside of flip-flop 273. To gate 293¢ ground is also
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supplied from the ocutput of the 1-side of flip-flop 318
which is in the set condition as aforestated. As two ground
inputs are now currently supplied to gate 2Z95¢, its out-
put provides a negative voltage via lead 295f to the input
of the reset side of flip-flop 285 in FIG. 28 which is there-
by reset. Now, this flip-flop provides in the output of its
O-side a ground which is furnished via lead 2855 to one
input of gate 286 in FIG 30 and via leads 285b and
285¢ to one input of gate 2854. At the same time the
output of the 1-side of flip-flop 285 effects a negative
voltage which is supplied to the input of reset monopuls-
er 320 which 1s thereupon activated to produce a 3-micro-
second negative pulse in its output. This pulse is changed
in the output of reset-pulse mverter 320a to a S5-micro-
second ground pulse.

When the negative pulse in the output of monopulser
320 returns to ground, the output of inverter 3204 then
returns {0 a negative voltage which triggers reset pulse
delay monopulser 3205 to generate in its output a 3-
microsecond negative voltage pulse. In this manner, a 5-
microsecond time delay is provided between the time of
the initial introduction of the negative voltage into the
input of monopulser 328 and the time of the production
of the negative pulse in the output of monopulser 3205.
This negative pulse applied to the input of pulse delay
NOT-OR gate 320c of a power type shown in FIG. 5B is
translated in the output thereof into a 5-microsecond
ground pulse. This pulse is changed into a S-microsecond
negative voltage pulse in the output of power inverters
320d, 320e, 320i and 320m, each of a type shown in
FiG. SE.

Referring to FIGS. 27 and 28, the 5-microsecond nega-
tive voltage pulse in the output of inverter 3284 is applied
via lead 3281 to the reset sides of 30 DR1 through DR39
data register flip-flops 292 through 292a for activating
them to the reset state; the 5-microsecond negative voltage
pulse in the outputs of inverters 320e and 3267 are applied
via leads 328¢g and 3204 to the reset sides of 60 inter-
mediate DR31 through DR%0 data register flip-flops for
activating them to the reset state; and the 5-microsecond
negative voltage pulse in the output of inverter 320m is
applied via lead 320n to the reset sides of 30 DR91
through DR128 data registers 292b through 292c¢ for

activating them to the reset state. It is apparent that only

the data registers theretofore advanced to the set state
are reset whereas the data registers theretofore advanced
to the reset state are unaffected for the reason that 18
presently mentioned.

As a consequence, any of the data regisiers that are
reset 1n the manner just explained provide negative volt-
ages in the outputs of their 1-sides thereby interrupting
the operating paths for their 120 associated data register
relays comprising the 30 relays represented by the relays
293 through 293a¢ (1 through 30), the 60 intermediate
relays (31 through 9¢), not shown, and the 30 relays rep-
resented by relays 2935 through 293¢ (91 through 126).
In this connection, it is further understood from the pre-
vious explanation that certain of the data registers DRl
through DR12¢ were placed in the set state to operate
their associated relays which thereupon close their contacts
in the group of contacts 2934 through 293¢ as above ex-
plained thereby operating corresponding line relays in the
group 191 through 1%1c in FIG. 23 for effecting the trans-
mission of a “1” data bit fo the main data terminal while
the remaining data registers, theretofore in the reset state,
remained in the reset state for effecting the transmission
of a “0” data bit to the main data terminal. In this way
the “1” and “0” bits of the 120 bits of the message are
transmitted. That is to say, for the transmission of a “1”
bit, for example, flip-flop 292 is operated to the set state
wherein the output of its 1-side provides ground which
completes an operating path for its asscciated relay 293 in

- FI1G. 27. When operated, this relay closes its contact 2934

in FIG. 23 thereby applying a source of negative voltage
and ground to its associated leads 161aq and 1615 to trans-
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it the “1” bit to the main data terminal. On the other
hand, for the transmission of a “0” bit, for example, fiip-
flop 292 is left in the reset state wherein the output of its
1-side provides a mnegative voltage which interrupts the
operating path for relay 293. In the released state of
this relay, its associated contact 2934 remains open to
withhold the source of negative voltage and eround from
its associated leads 1&l1la and 161b to transmit a “0” bit
to the main data terminal.

In addition the 5-microsecond negative voltage pulse
in the ocutput of inverter 3204 on lead 320f applied to the
input of the reset side of flip-flop 277 in FIG. 29 serves to
reset it so that its output from the 0-side provides ground
for a purpose that will later appear. At the same time,
the 5-microsecond negative voltage pulse in the output
of inverter 320¢ on lead 320g applied to the input of the
reset side of flip-flop 318 in FIG. 29 serves to reset it so
that the output from its 1-side is now a negative voltage.
This voltage applied to one input of gate 285¢ causes it
to provide 1n its output on lead 295f a ground which is
furnished to the input of the reset side of flip-flop 285 in
F1G. 28 which 1s then allowed to reset to provide a nega-
tive voltage in the output of its 1-side and ground in the
output of its 0-side. This negative voltage applied on
lead 2835 to gate 286 in FIG. 30 activates it to produce
1n its output a negative voltage which is supplied via lead
286a to the input of gate 297 in FIG. 29 and inverter 287
in FIG. 30. This negative voltage also inhibits gate 297
which provides in its output a ground applied via cable
driver 298 and closed relay contact 298a to lead 2985b.
The ground on this lead stimulates no action at the meo-
ment. The negative voltage applied to inverter 287 is
changed in the oufput thereof to ground which is trans-
mitfed via cable driver 288 and closed relay contact 288«
to instructions received lead 289 for indicating to the No.
1 data terminal that the message has been terminated.

It is recalled now from the previous description that
flip-flop 317 in FIG. 30 is now in the set state which pro-
vides ground in the output of the 1-side to complete the
operating path for its associated transmit discard message
relay 317« which i1s thereupon operated. This relay closes
its contact 3175 in FIG. 25 to supply a source of negative
voltage to lead 317¢ which completes an operating path
for receive discard message relay 317¢ in FIG. 18. This
relay operates to open its contact 317/ in FIG. 11 thereby
enabling voltage divider 317¢ to apply a negative voltage
to the input of the set side of flip-flop 261 which is thereby
set to provide in the output of its 1-side a ground effective
on lead 261a to gate 262 in FIG. 14 for a purpose that is
later mentioned. The output of the 0-side of fiip-flop 261
in the set state supplies a negative voltage to discard
monopulser 241 which translates it in its output into a 2-
microsecond negative voltage pulse which is supplied

simultaneously to the inputs on the reset sides of flip-flops -

140 and 260 for activating both of them to the reset state.

As reset, flip-flop 260 in FIG. 11 provides a negative
voltage in the output of its 1-side thereby interrupting
the operating path for relay 268. This relay releases to
open its contact 288a in FIG. 19 thereby disconnecting
the source of negative voltage from lead 269 to interrupt
the operating path for relay 271 in FIG. 26 to release it.
In releasing relay 271 closes its contact 271a in FIG. 29

to provide a ground to the input of the set side of flip-flop
186 which theretofore had a negative voltage supplied to its

set side as well as to the input of its reset side whereby a
ground voltage was theretofore produced in the output
of its O-side, as previously mentioned. As flip-flop. 186
1s now reset, the output of its 0-side provides ground which
effects no action at the moment. As flip-flop 14¢ in FIG.
11 1s reset for the reason just mentioned, the output to its
0-side 1s ground at this time because the message transfer
is not 1n the direction from the main data terminal to the
No. 1 or No. 2 data terminal. In the reset state, flip-flop
140 indicates an 1dle condition to the main data terminal
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by providing (1) a negative voltage from the output of
its 1-side to inverter 143 which changes it in its output
to ground which is applied via cable driver 144 and closed
relay contact 144q to lead 76, and (2) a ground from the
output of its O-side on lead 140 to inverter 145 for
transiation in the output thereof into a negative voliage
which is supplied via cable driver 146 and closed relay
contact 1464 to lead 99, as hereinbefore mentioned.

It 1s recalled from the previous explanation that gate
262 1n FIG. 14 is now being supplied with ground on
its input lead 261a. At the same time, it is also recalled
rom the prior discussion that a second input to gate
262 is presently being furnished with .ground via closed
contact 264a, and a third input of ground is being sup-
plied from the output of gate 263. As all three inputs to
gate 262 at this time are simultaneous grounds, its out-
put provides a negative voltage via lead 2624 to the in-
puts of the reset sides of both flip-flops 266 and 267 in
FI1G. 15. This voltage resets flip-flop 266 whose output
at its 0-side provides ground to the input of the set side
of flip-flop 267 and on lead 267f while the output of the
1-stde of flip-flop 266 produces a negative voltage for a
purpose that will appear later. Now, the negative volt-
age applied from the output of gate 262 to the reset side
of flip-flop 267 as just stated resets it whereupon the out-
put of its 1-side provides a negative voltage which inter-
rupts the previously mentioned operating path for its
associated relay 267a which releases. This relay then
opens its contact 2675 in FIG. 19 to disconnect the source

of negative voltage from lead 315 thereby interrupting

the operating path for relay 290 in FIG. 26, which re-
mains in the idle or unoperated condition. The logic se-
quence time diagrams for the above-described discard
message are illustrated in FIG. 37. |

Parity counting circuit for message transfer from No. I
data terminal to main data terminal

As hereinbefore mentioned, a message is considered,
for example, to possess correct parity if it contains an
even number of “1” bits, and incorrect parity if it con-
tains an odd number of “1” bits. Assuming an incor-
rect message 1s received in the main data terminal from

- the No. 1 data terminal, for example, the interface pro-
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vides a negative voltage on lead 323 in FIG. 8A. This
voltage in FIG. 15 applied through closed relay contact
353x triggers main parity pulser 323« in FIG. 22 which
provides in its output a l-microsecond negative voltage
pulse. This pulse in turn 4riggers main parity mono-
pulser 323b which provides a S-microsecond negative
voltage pulse in its output. This negative pulse, applied

to the input of the set side of main parity unit flip-flop

323c, serves to set it and to main parity counter unity
AND-NOT gate 323d thereby inhibiting the gate. As
a consequence, the output of this gate is held at ground.
In the set state, flip-flop 323c provides from the output
of its 1-side ground which is also supplied to the input
of gate 323d. The output from the 0-side of flip-flop 323c
is ‘a negative voltage which is applied to monopulser 3235
thereby inhibiting it. When, however, the output of mono-
pulser 323) returns to ground in its output, this remains
unaftected by further inputs to the monopulser so long as
flip-flop 323c is set to supply the inhibiting negative volt-
age to monopulser 3235. A first incorrect message is thus
counted.

It is noted that the I-microsecond negative voltage pulse
in the output of monopulser 323z is changed by main
pulse inverter 323e into a 1-microsecond ground pulse
which is simultaneously applied to the inputs of No. 1
AND-NOT gate 3234 and to Nos. 2 and 3 main parity
AND-NOT gates 323f and 323g, respectively. It is un-
derstood for the purpose of this description that gates
323d, 323f and 323g serve to count one, two and three
pulses, respectively. Since, as previously mentioned, the
output of monopulser 323b is supplying an inhibiting
negative voltage to gate 3234, it is also understood that
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“‘both main parity two and three count flip-flops 323/ and
323k, respectively, are in the reset state whereby the out-
put from the 1-side of flip-flop 323% provides an inhibit-
ing negative voltage as one input to cate 323f and the
output from the 1-side of flip-flop 323% supplies an in-
hibiting negative voltage as one input to gate 323g.
Assuming that the next-succeeding or second message
is also incorrect, the main data terminal again provides
a negative voltage on lead 323 as just mentioned. This
causes the production of a 1-microsecond negative volt-
age pulse in the output of monopulser 323a. This pulse,
however, has no effect on monopulser 3235 which is now
subject 10 the aforenoted inhibitimeg wvoltage. This 1-
microsecond negative voltage pulse is changed by inverter
323e into a 1-microsecond ground pulse which is sup-
plied to gate 3234, together with ground from the output
of the 1-side of set flip-flop 323¢cand ground from the out-
put of monopulser 3235 which is now returned to a ground
output. As all three inputs to gate 3234 are now ground,
it provides in its output a negative voltage which triggers
main parity pulser 323 whose output then includes a 5-
microsecond negative voltage pulse which is applied to
the set side of flip-flop 323%4. This sets the flip-flop whose
output from the 1-side is a ground supplied to one input
- of gate 323f and whose output from the 0-side supplies
a megative voltage to inhibit monopulser 323m. When
this monopulser returns to ground in its output, it re-
mains unaffected by further inputs to the monopulser
323m, so long as flip-flop 3234 provides the inhibiting
voltage to the monopulser. A sccond incorrect message
18 thus counted. |
- Assuming a third consecutive incorrect message is re-
ceived, the main data terminal again provides a negative
voltage on lead 323. This has no effect on monopulser
323b but serves to activate monopulser 3234 and inverter
323e to supply a 1-microsecond ground pulse to gate 323f,
together with grounds supplied thereto from the output of
the 1-side of set flip-flop 323/ and from the output of mon-

opulser 323 which is now returned to ground in its out-

put. As all three inputs to gate 323f are now ground, it
provides in its output a negative voltage which triggers
main parity pulser 323n whose output then includes a 5-
microsecond negative voltage pulse which is applied to
the set side of flip-flop 323%. This sets the flip-flop whose
oufput from the 1-side is ground supplied to the input of
gate 323g and whose output from the 0O-side furnishes a
negative voltage to inhibit monopulser 323n. When the
output of this monopulser returns to ground, it remains
unaffected by further inputs to the monopulser 323#x, so
long as flip-flop 323k provides inhibiting violtage to the
monopulser. A third incorrect inessage is thus counted.

Assuming now a fourth consecutive incorrect message
1s received, the main data terminal again provides a nega-
tive voltage on lead 323. This will be changed by in-
verter 323e to ground which is then applied as one input
to gate 323g, together with the second and third grounds
supplied thereto from the output of the one side of set
flip-flop 323% and from the output of monopniser 323x
which is now returned to ground in its output. As all
- three inputs to gate 323g are now ground, it provides in
its output a negative voltage which is supplied to the in-
put to the set side of main parity alarm flip-flop 323p to
set it. This then produces in the output of the O-side of
the fiip-flop a negative voltage effective on bad parity
alarm lead 323r to disconnect the No. 1 data terminal
from the system in a manner that will be subsequently
explained. | |

Assuming now the second, third or fourth consecutive
message 1s correctly received in the main data terminal
mstead of being incorrectly recieved therein as previously
assumed, the interface, in response to such correct mes-
sage, provides a negative voltage on message received lead
314 in FIG. 8A to indicate the termination of such second
message. This voltage on leads 314 and 3144 in FIGS.

15 and 22 is changed by message received inverter 31454
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into a ground which is supplied as one input to message
recetved AND-NGOT gate 314c.  If a correct parity indica-
ticn is being received on lead 323, then ground effective
thereon to provide such indication is supplied as a second
input to gate 314c. As both inputs to the gate are ground,
it provides in its output a negative voltage which is simul-
taneously applied to the reset sides of flip-flops 323c,
323h and 323k to reset them at the same time. At this
time, ground is effective on lead 2224 as the system is not
being cleared; and it is also effective via unoperated clear
parity count key 314d. ‘This erases the count stored up to
this time in the message parity count circuit just described
thereby restoring it to normal. Flip-flop 323p is reset in
a manner that is later explained. In this connection, the
clear parity count key 314d can be manually operated at
any time to restore the parity count circuit to normal re-
gardless of the count stored therein. This is achieved
by manually operating the key which interrupts the asso-
ciated circuit to remove ground therefrom while at the
same time effectively applying a negative voltage from
voitage divider 3i4e to the inputs of the O-sides of flip-
flops 323c, 323h and 323k | | -

Parity counting circuit for message transfer from main
data terminal to No. 1 or No. 2 data terminal

This circuit operates in the manner of the operation of
the parity counting circuit previously described and is
therefore only briefly described here. When a first in-
correct parity is involved in a message being transferred
from the main data terminal to the WNo. 1 data terminal,
for example, then a negative voltage is supplied on lead
217c¢ from the output of the 0-side of flip-flop Z17 in
FIG. 13 as hereinbefore discussed to bad parity mono-
pulser 2174 in FIG. 22. This monopulser then causes the
production in its output of a 1-microsecond negative voli-
age which is simultaneously applied to (1) a second bad
parity monopulser 217¢ which in turn produces in its out-
put a 5-microsecond negative voltage pulse and to (2)
bad parity inverter 217f which changes this voltage into
a l-microsecond ground. This voltage applied to the
set side of bad parity flip-flop 217¢ sets it whereupon its
U-side output supplies an inhibiting negative voltage to
monopulser 217e while its 1-side output supplies a ground
to bad parity AND-NOT gate 217h. At the same time
the ground now in the output of inhibited monopulser
217¢ is also applied to gate 217h. This terminates the
count of the first bad parity.

The second successive bad parity message provides
on lead 217c a negative voltage which is translated by
monopulser 2174 into a 1-microsecond negative voltage.
This voltage has no effect on inhibited monopulser 217¢
but is changed by inverter 217f into a 1-microsecond
ground which is applied to gate 2174.  As this gate is now
supplied with three ground inputs, it provides in its out-
put a negative voltage which is changed by monopulser
217m into a S-microsecond pulse which sets bad parity
flip-fiop 217x#. This, as set, supplies from its 1-side out-
put a ground to bad parity AND-NOT gate 217; and from
its 0-side output a negative voltage to inhibit monopulser
217m. In addition, ground now in the output of mono-
pulser 217m is also being supplied to gate 217i. This
terminates the count of the second successive bad parity
message.

The third bad parity message provides on lead 217¢ a
negative voltage which is changed by monopulser 2174
into a 1-microsecond negative voltage which does not
affect monopulser 217¢ but is translated by inverter 217f
Into a 1-microsecond ground which is applied to gate
217i. As this gate is now supplied with three simul-
taneous ground inputs, it produces in its output a nega-
tive voltage which is changed by bad parity monopulser

217p into a 5-microsecond negative pulse which sets bad

parity flip-flop 217r. This, as set, provides from its 1-side
output a ground to bad parity AND-NOT gate 217% and
trom its O-side output a negative voltage to inhibit mono-
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pulser 217p. Also, at this time, ground in the output of
monopulser 217p. Also, at this time, ground in the out-
put of monopulser 217p is being supplied to gate 217k.
This terminates the count of the third successive bad par-
1ty message. |

The fourth bad parity message provides on lead 217c
a negative voltage which is translated by monopulser
2174 into a 1-microsecond negative voltage which does not
atfect monopulser 217¢ but is changed by inverter 217f
mto a l-microsecond ground which is applied to gate
217k, As this gate is now supplied with three concurrent
grounds, 1t provides in its output a negative voltage which
sets bad parity alarm flip-flop 217s. This then produces
1n the output of its 0-side a negative voltage effective on
bad parity alarm lead 217¢ to disconnect the main data
terminal from the system in a manner that will be here-
inafter explained. -

In the event of the second, third or fourth messages
being correct, ground representing such correct message is
transmitted on lead 234a from the output of inverter 234
in FIG. 13 to acknowledgement inhibit gate 234b in FIG.
22. Aslead 217c¢ is transmitting a ground to show a cor-
rect parity indication, two grounds are concurrently sup-
phe_,d to the two inputs of gate 234b which is thereby
activated to provide in its output a negative voltage which
1S mpmltaneously applied to the inputs of the reset sides
qf flip-flops 217g, 217n and 217r to reset them at the same
time. At this time ground is effective on lead 222q be-
cause the system is not being cleared; and it is also effective
via unoperated manual clear key 3144d. This erases the
count stored in the parity count circuit at this moment
thereby restoring it to normal. At any time, a clear par-
1ty counter alarm key 234c¢ in FIG. 22 can be 1 anually
operated to interrupt the associated circuit to remove
ground therefrom while at the same time enabling a nega-
tive voltage to be applied from voltage divider 234d con-
currently to the inputs of the O-sides of flip-flops 323p and

217s whereby both flip-flops are reset to restore them to
a normal condition. -

Operation of interface in message transfer from No. ]
data terminal to main data terminal

It is assumed for the purpose of this description that a
message 18 now being processed from the No. 1 data
terminal to the main data terminal and further that no
message 1s being transferred from the No. 2 data terminal
to thq main data terminal. It is now recalled that lead
3105 In Fi(5. 14 is presently transmitting ground to inform
the main data terminal that the No. 1 data terminal has a
message for it, as mentioned hereinbefore. This ground
on lead 3105 in FIG. 8A is applied as one input to have
message AND-NOT gate 324. Since, as assumed above,
a message 1s not being received via channel B from the
No. 2 data terminal at this time, the output of the O-side
of have message flip-flop 325¢ in FIG. 8B is ground be-
cause the latter is in a reset state at this time for the reason
that the No. 2 data terminal is inactive as just mentioned.
This is applied on lead 3254 as a second input to gate 324.
When phase PH-2 of the timing circuit explained above
changes to ground, this is also supplied as a third input
o gate 324. As all three inputs to ground 324 a re now
ground, the output of this gate provides a negative volt-
age. 'This is changed by have message monopulser 3244
agplied to the input of the set side of have message
flip-flop 324b thereby setting it. At the same time this
pulse is applied to the reset side of message parity flip-
flop 324c to reset it. The output of the 1-side of reset
flip-flep 324c¢ provides a negative voltage which is changed
to ground by bad parity inverter 324d, This ground is
applied via cable driver 324e to lead 323 for indicating
good parity to the parity count circuit shown in FIG. 22
and discussed above. This restores the parity count circuit
to normal, if the next previous signal on lead 323 thereto
was a negative voltage for indicating bad parity; and
it 1s ineffective in the parity count circuit if the next pre-
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ceding signal on lead 323 thereto was a ground for indi-
cating good parity.

One portion of the output of the O-side of set Hiip-flop
324b provides a negative voltage which is changed by
clear interface inverter 324f into ground. This i1s applied
through clear interface cable driver 324g to appear as a
clear interface control signal on clear interiface control
lead 324h for a purpose that will be subsequenily ex-
plained in regard to FIG. 15. A second portion of the
negative voltage output of the O-side of set flip-flop 3245
is supplied on lead 324i to one input of make busy AND-
NOT gate 324% in FIG. 8B thereby ensuring that the ocut-
put of the latter gate remains at ground so long as flip-
flop 3245 remains in the set state.” A third portion of
the negative voltage output of the 0-side of set flip-flop
324p is applied as a first input to NOT-OR gate 325,
whose second input is ground received from the 0-side of
reset flip-flop 325¢ in FIG. 8B as above stated. Gate 325
thereupon provides in its output a ground which is applied
to one input of and changed by have message AND-NOT
gate 3252 into a negative voltage which is applied through
cable driver 325¢ to appear on have message lead 3254 as
a have message signal for transmission thereon to the
main data terminal. The other input to gate 325q is
ground at this time as it is received from the output of the
O-side of flip-flop 322 which in in the reset state at this
time for-a reason that is later mentioned.

When the main data terminal recognizes the receipt of
the have message signal just noted, it transmits a send
message signal comprising a negative voltage on lead
326. This voltage is changed in the output send message
inverter 3264 to ground which is applied simultaneously
to send message AND-NOT gates 3260 and 326¢ as one
input thereto. At the same time ground from the output
of the 1-side of set flip-flop 3245 1s being supplied as a
second input to gate 3265. As both inputs to this gate
aré now ground, its output provides a negative voltage.
Gate 326c does not change 1its output from ground be-
cause, together with the aforenoted ground from inverter
3264, it is also receiving 'a negative voltage from the
output of the 1-side of flip-flop 325¢ which is in the reset
condition for the reason stated above, The negative volt-
age in the output of gate 3265 is applied as one input to
send message NOT-OR gate 3264 whose other input com-
prises a ground on lead 326¢ because the main data ter-
minal is not transmitting a message to the No. 2 data
terminal for the reason mentioned hereinbefore. As the
two inputs to gate 3264 are dissimilar for the reason just
mentioned, its output is ground which is changed by send
message inverter 3261 to a negative voltage. This is trans-
mitted through send message cable driver 3262 and ap-
pears as the aforesaid negative voltage on lead 311 for set-
ting flip-flop 312 in FIG. 14 as hereinbefore mentioned.

When the message sent signal from the No. 1 data ter-
minal to the interface appears as a negative voltage on
lead 3066¢ in FIGS. 8A and 14, this negative voltage is

transmitted as a message on the line signal to the inter-
face.

This negative voltage is changed in the output of
monopulser 322q in FIG. 8A to a 5-microsecond negative
voltage which is applied as one input to message sent

NOT-OR gate 3225. The other input to this gate is a
‘5-microsecond ground received from the output of mono-

pulser 322¢ because ground is on lead 327 in FIG. 8B

from channel B which is in the idle condition at this time.

Now, the output of gate 322b provides ground which is
transkated into a 5-microsecond ground in the output of
message sent monopulser 322d4. At the trailing edge of

‘the ground in the output of gate 3225, that is, when such

output changes to negative, the output of monopulser 3224
changes to a negative voltage for 5 microseconds. Thus,

a S-microsecond time delay is provided by monopulser
322a, gate 322bH, and monopulser 3224,

An additional 5-microsecond delay is pi'ovided by mes-

sage sent monopulser 3224 and message sent AND-NOT
gate 322¢ 1n the following manner, The output of the 1-
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side of message sent flip-flop 322 in the reset state is a
negative voltage. This is applied to one input of gate
d2Ze which is also receiving the output of monopulser
322d whereby the gate provides ground in its output. At
the trailing edge of ground in the output of monopulser
3224, that is, when such output.goes negative, this nega-
tive voltage applied to the set side of flip-flop 322 activates
the latter to the set state. The output of the 1-side of his
flip-flop in the set state provides a ground signal which is
overlapped by the negative voltage heretofore supplied
by monopulser 322d. Therefore, when flip-flop 322 is set,
the ground in the output of its 1-side effects no change in
the output gate 322e¢. Five microseconds later, however,
the output of monopulser 3224 changes to ground where-
upon the output of gate 322e changes to a negative volt-
age as both inputs thereto are ground. This negative
voltage occurs therefore at the trailing edge of the cutput
of monopulser 322d whereby the negative voltage output
therefrom is delayed by 5 microseconds. When the output
of gate 322¢ provides the negative voltage, this voltage is
applied via message sent cable driver 322f and lead MOL
as a message on line signal to the main data terminal.
When flip-flop was set as just mentioned, the output of its
O-side provides a negative voltage which activates gate
323a to provide ground in its output. This is applied via
cable driver 3Z5¢ to have message lead 3254 thereby
indicating the idle condition.

When the negative voltage representing the message
on line signal via lead MOL is received and processed by
the main data terminal, it returns a message acknowledg-
ment signal of negative voltage via lead 328 in FIG. 8A
and a message parity signal on lead 329 in such time
sequence that the parity signal precedes the acknowledg-
ment signal by approximately 3 microseconds. If the
message parity signal is bad, it comprises on lead 329 a
negative voltage which is changed by message parity in-
verter 32%a to ground. This supplied simultaneously as
one input to message parity AND-NOT gate 329) and as
one input to message parity AND-NOT gate 329¢ in FIG.
SB which is connected via channel B to the No. 2 data
terminal. As the gate 3295 is also being supplied with a
ground from the output of the 1-side of flip-flop 3245
which 1s in the set state, this gate provides in its output
a negative voltage. The output of gate 329¢ in FIG. 8B
remains ground at this time for the reason that it is pres-
- ently receiving ground from the output of the 1-side of
flip-fiop 325¢. The negative voltage from the output of
gate 3295 as just mentioned applied to the input of the set
side of flip-flop 324c whose output from its 1-side is
now ground. This is changed in the output of inverter
324d to a negative voltage which is applied through cable
driver 324e to lead 323. This constitutes a bad parity
signal initiated in the main data terminal and transmitted
back to FIG. 22 of the No. 1 terminal, as hereinbefore
explained. |

Approximately 3 microseconds after the arrival of the
parity signal on lead 329 in FIG. 8A as just mentioned,
the acknowledgment signal comprising a 5-microsecond
negative voltage produced in the main data terminal is
made effective on lead 328. This voltage is changed in the
output of message acknowledgment inverter 3285 to a 5-
microsecond ground which is simultaneously applied to
message ‘acknowledgment gate 328¢ for the No. 1 data
terminal and message acknowledgment gate 328¢ in FIG.
8B for the No. 2 data terminal. This ground is changed
in the ouput of gate 328c to a negative voltage because
ground is also being presently supplied to the other input
thereto from the output of the Il-side of flip-flop 3245
which is in the set state at this time, as previously ex-
plained. The ocutput of gate 328¢ remains at ground
since at this time the second input thereto is a negative
voltage from the output of the 1-side of flip-flop 325¢
as herembefore described. The negative voltage in the
output of gate 328c is transmitted through message re-
ceived cable driver 3284 to constitute the message received
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signal on lead 314 sent to the control logic and bit circuit
for th No. 1 data termibal shown in FIG. 15 and above
described. |

Release of interface fmf?;, channel A for possible use with
channel B

The signal on lead 314 in FIG. 8A restores the equip-
ment associated with channel A and No. 1 data terminal
to normal or the idle state which after an elapse of ap-
proximately 10 milliseconds provides on reset lead 338
in FIG. 8A a negative voltage in a manner that is herein-
after explained. This voltage is applied to the reset side
of flip-flop 324¢ which is théreby reset to provide in the
output or its 1-side a negative voltage. This is changed
in the ocutput of inverter 3244 to ground which is sup-
plied via cable driver 324e and lead 323 to the parily
circuit in FIG. 22 for indicating good parity. The nega-
tive voltage on lead 336 is also translated in the output
of message sent reset monopulser 330a to a 5-micro-
second negative voltage which is applied to the reset side
of flip-flop 3240 and to the reset side of flip-flop 322.
This resets the flip-flop 324b which now provides in the
output of its O-side a grounds which serves: to remove
the negative voltage that was theretofore effective on
lead 324i for inhibiting gate 324k in FIG. &B thereupon
rendering channel B operative for bit transmission, and
to supply ground to inverter 324f which is thereby
changed into a negative voltage for transmission through
cable driver 324g to lead 324/ for a purpose that is sub-
sequently explained. At this time the ocutput of the 1-
side of reset flip-flop 324b supplies a negative voltage to
gates 3295, 328c, and 3260 for inhibiting them thereby
causing all three gates to maintain an output of ground
regardless of the type of signal applied to their other in-
puts. When flip-fiop 322 is reset, the output of its 1-side
provides a negative voltage which is applied to gate 322¢
whose output is thereupon changed to ground. This is
applied via cable driver 322f to message on line lead MOL.
to represent the i1dle condition as aforementioned. In
the reset state, flip-flop 322 provides in the output of its
0-side ground which is supplied to one input of gate 3254.
At the same time the ground in the output of the 0O-side
of reset flip-flop 324H is applied to one input of gate 325
whose other input is also ground as supplied thereto from
the output of the O-side of reset flipflop 325¢. Now, gate
325 provides in its ocutput a negative voltage which is
changed in the output of gate 3254 to a ground. - This is
applied through cable driver 325¢ and on lead 3254 to
the main data terminal for indicating thereto the normal
or idle condition of the interface as connected to channel
A associated with the No. 1 data terminal. -

A timing signal supplied at the mrain data terminal
establishes the proper time duration for the transfer of
the respective messages. .Each timing signal is applied
by the main data terminal in FIG. 8A to lead 331 as a
negative voltage which is changed in the outputs of clock
signal inverters 3314 and 3315 to ground which is trans-
mitted through clock cable drivers 331c and 3314 to ap-
pear on clock lead 33%e for controlling message transfer
via channel A to the No. 1 data terminal and on clock
lead 331f for controlling message transfer via channel
B to the No. 2 data terminal. Obviously, when the main
data terminal supplies ground to lead 331 the opposite
action is effected whereby negative voltage is ultimately
effective on leads 331e and 331f. The main data ter-
minal 1s thus enabled fo transfer signals therefrom on
the single lead 331 to either channel A or B in a manner
that is further described hereinafter.

Test message from main data terminal to No. I data
o terminal

Test messages are originated at the main terminal for

the purpose of exercising the system, checking parity cir-

cuits, and aiding in trouble shooting of the interconnection

of the interface with the control logic and bit circuits
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constituting channels A and B and involved in opposite
directions of message transfer, as shown in FIGS. 1 and 2.
This assumes for the moment that the entire system is
restored to the idle condition. Referring now to FIG. 7A,
a test message in the form of a negative voltage is applied
by the main terminal to lead 73 which transmits it to the
input of test message inverter 128 whose output thereupon
1s caused to produce ground. This is transmitted via leads
120a, 1265, 120c and 123e to one input of test message

AND-NOT gate 120f whose other input comprises an-
other ground received from the output of have message
inverter 120i. This inverter receives its input of negative
voltage on lead 87a from the output of the 0-side of have
message fiip-flop 87 in FIG. 6A which is the set state at
this time because channel A is now idle. As the two in-
puts t0 gate 120f are ground at the moment, its output is
a negative voltage which constitutes a test message signal
and which 1s applied through test message cable driver
12832 to lead 1204,

This signal effective on the same lead 120/ and closed
confact 333y in FIG. 13 is supplied as one input to the set
side of flip-flop 227. At the same time, the main terminal
provides via the interface a make busy signal of negative
voltage on lead 92 in FIGS. 6A and 11 to activate mono-
pulser 139 whose output sets flip-flop 140 and gate 138
for ultimately effecting the operation of relay 220 in
F1G. 18, in the manner hereinbefore explained. It will be
recalled from the foregoing description that a bad parity
signal of negative voltage was assumed to have been
transmitted by the No. 1 terminal whereby relay 167 in
F1G. 18 was operated via lead 213 in FIG. 25, as above
mentioned. Open contact 226 in FIG. 12 of relay 220
applies negative voltage from voltage divider 2205 to the
input of the set side of flip-flop 169 whose output from
its O-side is thereby caused to provide a negative voltage
to the input of monopulser 221 which produces a 5-micro-
second negative voltage pulse in its output. This pulse is
applied as one input to gate 222 whose second input is a
ground received via lead 222p from the output of test
message monopulser 2274 in FIG. 13. The input to this
monopuliser is ground supplied thereto from the output
of the 1-side of flip-flop 227 which is in the set state at this
time. As a consequence of the single negative voltage
pulse supplied to the input of gate 222, it provides in its
output a S-microsecond ground pulse which is applied to
the inputs of reset gates 223, 223c, 2234 and 223¢ as well
as to Inverter 224 and gate 225 in FIG. 12. This con-
stitutes essentially the description given hereinbefore re-
garding message transfer from the main terminal to the
No. 1 terminal. |

At this time, however, gates 223, 223¢, 2234 and 223e
are inhibited by a negative voltage supplied thereto on
lead 2234 from the output of the 0-side of the set flip-flop
227 1n FIG. 13. At the same time the negative voltage
from the O-side output of set flip-flop 227 is changed in
the output of inverter 226 to ground. This ground on
lead 2256 together with ground from the output of gate
222 1s supplied to the two inputs of gate 225, which is
thereupon activated to provide in its output a negative
voltage. This voltage is supplied via lead 2254 to the
inpt_lt of the set side of flip-flop 312 in FIG. 14 thereby
setting it. At the same time, ground on lead 311 is ap-
plied through closed relay contact 311a to the input of
the 1-side of flip-flop 312 because the interface in FIG.
8A 1s not now supplying an operating negative voltage
on lead 311.

As flip-flop 312 is in the set state, it supplies ground
from the output of its 1-side to the operating winding of
relay 312a which operates to close its contact 312
whereby ground is supplied to the operating windings of
relays 313 and 313¢ in FIG. 17. As these relays are
operated, they complete operating paths for relays 3137,
313g and 313m whose 120 closed contacts, together with

the 120 pairs aolf closed contacts of operated relays 157c,

[

10

15

20

20

30

35

40

45

o0

56

60

65

70

75

50

intermediate relays, and relay 157n, represented by con-
tact pairs 158a and 1586, 158¢ and 1584, the intermediate
contacts, and contacts 158¢ and 158f and 158¢ and 158h
shown in FIG. 16 serve to provide operating voltage. for
the 120 L1 through 1120 line relays represented by relays
321, 321qa, the intermediate relays, and relays 3215 and
321c, in the manner hereinbefore explained. These 120
line relays are now operated to close their associated 120
contacts 313v thereby supplyving ground via the 120 closed
contacts 3137, the latter being. closed by the fact the
system 1s in operation at this time, to the 120 discrete line
leads represented by line leads 313x, 3194, 319¢ and 319f
extending to the interface in FIG. 10. This demonstates
that the test message sent by the main terminal to the
No. 1 terminal was received therein and is returned to the
main terminal for the purpose of checking it for proper
parity. | | |

When relay 3131 is operated, its closed contact 313m in
FIG. 14 provides ground to the operating winding of
relay 264 which operates to open its contact 264a to
remove effectively ground from the circuit. This, at the
same time, enables voltage divider 264c to apply a nega-
tive voltage to the input of the set side of flip-flop 216 to
set 1f and to the input of gate 262. As set, flip-flop 216
supplies ground from the output of its 1-side to-gate 165.
This is also being supplied with ground via closed contact
165f. Ground is also being supplied on lead 2255 to an-
other input of gate 165 from the output of inverter 226
in FIG. 13 whose input is being supplied from the output
of the O-side of flip-flop 227 resting in the set state at this
time in response to the next previous message transfer
from the main terminal to the No. 1 terminal. As the
three inputs to gate 165 are ground at this fime, it pro-
vides on its output lead 1654 a negative voltage which
triggers monopulser 233 in FIG. 13 and which is applied
to the mput of the 0-side of flip-flop 215 in FIG. 12 to
reset 1t. | |

At this time, the other input to monopulser 233 is
ground received on lead 2324 from the output of gate 232
in FIG. 12 whose input via lead 230 1s a negative voltage
for the reason mentioned above in connection with the
message transfer from the main terminal to the No. 1
terminal as hereinbefore discussed. In view of these two
inputs of negative voltage to monopulser 233, it there-
fore provides in its output a 5-microsecond negative volt-
age which is supplied t0 1inverter 234 and gate 235. Asa
consequence, gate 235 produces in its output a ground
pulse which 1s applied through cable driver 236 and closed
relay contact 237 to lead 108 and thereby as an acknowl-
edgment signal to the interface shown in FIG. 6A. At
the same time, inverter 234 effects in its output a 5-micro-
second ground pulse which 1s applied to 2344 and thereby
to one input of parity gate 234 in FIG. 22, mentioned
above. |

When the output of monopulser 233 in FIG. 13 re-
turns to ground, inverter 234 produces in ifts output a 5-
microsecond negative voltage which activates monopulser
239 whose output then includes a 5-microsecond negative
voltage transmitted on lead 239« to flip-flop 3404 in FIG.
21 for a purpose that is mentioned later as indicated above.
In addition, the negative voltage pulse in the output of
monopulser 239 i1s applied to the input of the reset side of
flip-flop 217 in FIG. 13 to reset it. This produces in the
output of its 1-side a negative voltage which is changed
to ground in the output of inverter 218. This ground is
applied through cable driver 219 and closed relay contact
219%a to lead 118a and thereby to the interface in FIG.
7A for indicating correct parity. This erases the indication
of incorrect or bad parity provided above in the message
transfer from the main terminal to the No. 1 terminal as
hereinbefore explained.

When the main terminal receives ground representing
the -acknowledgment signal via lead 108 in FIG. 6A as
just mentioned, it also receives ground on acknowledg-
ment gate lead 109 in FIG, 6A, both of which grounds
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are simultaneously applied to the two inputs of gate 119.
This then produces in its output a negative voltage which
1s subsequently utilized to transmit an acknowledgment
signal comprising a negative voltage on lead 117¢q in FIG.
6B to the main terminal for indicating the completion of
the message transfer from the main terminal to the No. 1
terminal in the manner explained in detail hereinbefore.
'This causes the main terminal to apply on lead 73 in FIG.
7A a ground which is changed in the output of inverter
120 to a mnegative voltage. This voltage is translated in
the output of monopulser &4 in to 5-microsecond negative
voltage pulse which is translated in the output of inverter
85.1nto a S-microsecond ground pulse. One portion of this
pulse is applied on lead 85a to inverters 856 and 86 in
FI1G. 6B.
- As the output of inverter 8§55 is applied to gate 72 and

flip-fiop 78 connected to channel B in FIG. 6B, which is
not 1nvolved in the message transfer under discussion at
this time, the effect of such output is not further men-
tioned at this point. The pulse in the output of inverter
86 is a S-microsecond negative voltage pulse which is
simultaneously applied on lead 86a to the reset sides of flip-
flops 87 and 113 in FIG. 6A, both of which are thereby
reset. This restores the interface shown in FIG. 6A to
the idle condition. A second portion of the 5-microsecond
ground pulse in the output of inverter 85 in FIG. 7A is
changed in the outputs of end test message inverters 854
and 85e into 5-microsecond negative voltage pulses. As
inverter 85e is included in channel B, which is not involved
in the message transfer at this time, its output is not being
turther discussed at this point. The 5-microsecond nega-
tive voltage pulse in the output of inverter 854 is applied
through end test message cable driver 8§57 to lead &5g In
FIGS. 7A and 13 as an end test message signal.

The 5-microsecond negative voltage pulse on lead 85g
in FIG. 13 is applied to the reset side of test message end
flip-flop 227 for resetting it. As a consequence, negative
voltage in the output of the 1-side of flip-flop 227 triggers
monopulser 227¢ whose output then includes a S-micro-
second negative voltage. This is applied on lead 2225 to
gate 222 1n FIG. 12 which is concurrently receiving ground
from the output of monopulser 221 at this time, as well as
on lead 222q as aforenoted. This output of the mono-
pulser is ground because it returned thereto after having
supplied a 5-microsecond negative voltage in response to
the operation of relay 220 in FIG. 18 as explained above.
Due to the ground and negative voltage supplied con-
cutrently to the input of gate 222, its output provides
ground which is simultaneously supplied as a first input to
reset gates 223, 223c¢, 2234 and 223¢, as well as a single
mput to inverter 224 and a first input to gate 225, A
second input to each of gates 223, 223¢, 2234 and 223e¢
- at this time is ground received via lead 223 from the
output of the 0-side of reset flip-flop 227, in FIG. 13. As
both inputs to gates 223, 223¢, 223d and 223¢ are ground
at this time, they produce in their outputs negative voli-
age which is applied via leads 2235, 2237, 2232 and 223h
to the reset sides of the 120 DRI through DRI1I20 data
'register'ﬂip-ﬂOP-s represented by flip-flops 152, 152qa, the
intermediate flip-flops, and flip-flops 1526 and 152¢ in FIG.
9 1o reset them. Now, the outputs of the 1-sides of the
120 reset data registers are changed to negative voltage
thereby interrupting the previously mentioned operating
paths of their 120 associated relays represented by relays
153, 153b, the intermediate relays, and relays 1534 and
153e. These relays release to open their associated 120
contacts represented by contacts 153¢g, 153/, the intermedi-
ate contacts, contacts 153g and 153% in FIG. 16. These

opened contacts remove the voltage source from the pre-
viously identified operating paths for the 120 L1 through
L.129 line relays mentioned above. |

Also, the negative voltage output of gate 223 is sup-
plied via lead 223b to the input of the reset side of flip-
flop 154 in FIG. 10 which is thereupon reset. As the
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output of the 1-side of the reset flip-flop is a negative volt-
age, it serves to interrupt the previously mentioned op-
erating path for relay 155 which releases to open its con-
tact 1554 in FIG. 16. This interrupts the above-identified
operating paths for relays 156 and 156n which thereupon
release to open their associated contacts 1565, the inter-
mediate contacts, and contacts 1564, thereby interrupting
the aforementioned operating paths for the associated re-
lays 157, 157c¢, the intermediate relays and relay 157x.
These relays release thereby opening their contacts 157a
and 1575 in FI1G. 12 and the 120 pairs of contacts repre-
sented by contact pairs 158z and 1585, 158¢ and 1584,
the intermediate contact pairs, and contact pairs 158¢ and
158f and 158z and 1584 in FIG. 16 to interrupt the pre-
viously traced operating paths for the 120 L1 through
LL120 line relays as above-identified. These relays then re-
turn to the released state. | |

When flip-flop 227 in FIG. 13 was reset by the end test
message signal as previously mentioned, the output of its
O-side provided ground to inverter 226 whose output pro-
duced a negative voltage. This applied to monopulser
228c causes it to produce in its output a S-microsecond
negative voltage which is supplied via lead 3875 to the
reset side of ilip-flops 215 in FIG. 12 and 312 in FIG, 14.
As ground is on lead 3874 connected to the reset side of
flip-fiop 312 because the message transfer at the moment
is from the main terminal to the No. 1 terminal, the nega-
tive voltage, effective on lead 3075 to the reset side of flip-
flop 312 as just mentioned, resets it. This causes the out-
put of the 1-side of flip-fiop 312 to provide a negative volt-
age thereby interrupting the previously identified operating
path for relay 312a. This relay releases to open its con-
tact 3126 m FIG. 17 thereby interrupting the above-
noted operating paths for relays 313 and 313q which re-
lease to open their associated contacts 313e¢ and 313%.
These open contacts interrupt the afore-identified operat-
ing paths for relays 313f, 313¢ and 313m. These relays
release to open their 120 contacts 313xn through 313s as
above-identified in FIG. 16 for interrupting the previously
traced operating paths for the 120 L1 through L1126 line
relays previously mentioned, all of which then release.

- The release of relay 157 opens its contacts 1574 and
157b in FIG. 12 to institute an action which provides
eventually ground on lead 76 in FIG. 11 for indicating to
the interface in FIG. 6A an idle condition and negative .
voltage on lead 99 in FIG. 11 for indicating to the inter-
face a busy condition in FIG. 6A, in the manner described
hereinbefore. In order to prevent the transmission of a
second acknowledgment signal via lead 108 in FIG. 13
at this time, however, the negative voltage effective on lead
3075 and applied to the reset side of flip-flop 215 in FIG.
12 resets it as above described for the reason that ground
now present on lead 165d connected in the output of gate
165 in FIG. 14 does not affect the reset. In the reset state
of flip-flop 215, the output of its 1-side is a negative volt-
age which serves to inhibit gate 232, while ground is effec-
tive at this time on the other input lead 230 thereto for the
reason explained above. As a consequence, the cutput of
gate 232 remains at ground thereby precludin g a second
activation of monopulser 233 in FIG. 13 to effect the
transmission of a second acknowledgment signal on lead
108 in the manner explained above. Upon the expiration
of the 2-microsecond ground in the output of monopulser
231 on lead 231q in FIG. 12, the output of this mono-
pulser then provides a 2-microsecond negative voltage to
the input of the 1-side of flip-flop 215 which is thereby set
to its normal state. This voltage is provided in the output

cf monopulser 231 in response to the release of relay 157
in FIG. 16 and the opening of its associated confacis in
FIG. 12 as just mentioned, in the manner of the message
transfer from the main terminal to the No. 1 terminal as
explained hereinbefore. Logic sequence diagrams for the
transfer of a test ‘message from the main dats terminal to
the No. 1 data terminal are illustrated in FIG. 36.
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Automatic clear and alarm circuit in direction from the
main data terminal to the No. 1 data terminal

At the time of the operation of the interface to provide
a make busy signal of negative voltage on lead 92 in FIG.
6A for message transfer from the main terminal to the No.
1 terminal, such operaticn also provides a clock activate
signal of negative voltage on lead 137a as previously ex-
piained. This voltage transmitted vial lead 137z and
closed contact 3537 in FIG. 13 triggers clock activate
monopulser 34¢ in FIG. 20 whose output thereupon pro-
duces a S-microsecond negative voltage pulse which is
applied to the set side of clock activate flip-fiop 3405 there-
by setting it. At the same time, the 5-microsecond nega-
tive voltage pulse in the output 0‘f monopulser 340 is sup-
plied on lead 340c¢ to the set side of main terminal time out
flip-flop 3404 in FIG. 21 to set it. During this time, a
clock signal of negative voltage on lead 331e in FIG. 13
as previously mentioned triggers clock monopulser 341
in FIG. 20 which is thereby caused to produce in its out-
put a 1-microsecond negative voltage pulse. This is
changed in the output of clock inverter 341a into a 1-
microsecond ground pulse which is supplied to one input
of clock pulse AND-NOT gate 341b. As flip-flop 3465
1s presently in the set state, ground from the output of the
I-side thereof is also being supplied to a second input of
gate 3415. As a consequence of such two concurrent in-
put grounds, gate 341H provides in its output a negative
pulse. Assuming the clock included in the main terminal
is supplying a signal at each one-eighth second, for ex-
ample, then the output of gate 3415 provides a negative
voltage 1n the corresponding one-eighth second, so long as
fiip-flop 3405 remains in the set state.

On each occasion gate 341b provides a negative volt-
age pulse in its output, the pulse activates a time out pulse
counting circuit comprising monopulser 342, flip-flop 3424,
AND-NOT gate 3425, monopulser 342¢, flip-flop 3424,
AND-NOT gate 342¢, monopulser 342f and inverter 342g.
This counting circuit operates to count two input time
pulses from gate 3415 in a manner which is essentially
identica] with that of the parity counting circuit shown in
FIG. 22 for counting three input pulses as explained here-
inbefore. For the moment, it is understood that the out-
put of the O-side of flip-flop 342a in the set state supplies
a negative voltage to inhibit monopulser 342 thereby pre-
cluding the latter from changing its output after it has re-
verted to ground so long as flip-flop 3424 is set, and that
the output of the 0-side of flip-flop 3424 in the set state
supplies a negative voltage to inhibit monopulser 342c
thereby preventing the latter from changing its output after
it has reverted to ground so long as flip-flop 3424 is set, in
the manner of the correspondmg clements of the paI‘ItY
counting circuit as previously mentioned.

After the time out counting circuit has counted the
two pulses supplied thereto from the output of gate 3415
the third negative voltage pulse therefrom is changed in
the output of clock pulse inverter 342g to ground which
is applied to the input of gate 342¢. This ground, to-
gether with the other ground inputs, activates gate 342¢
to provide 1n its output a negative voltage pulse. This
is translated in the ouiput of monopulser 342f into a 2-
microsecond negative voltage pulse. This pulse is
changed in the output of time out inverter 343 into a 2-
microsecond ground pulse which is supplied, together with
ground from the output of the 1-side of flip-flop 3404 in
FI1G. 21 presently in the set state, to the input of main
terminal input AND-NOT gate 3434. In response to the
two concurrent inputs thereto, gate 343a provides in its
output a 2-microsecond negative voltage pulse which is
applied to supervisory. alarm pulser 343H. This in turn
produces in its output a S5-microsecond negative voltage
pulse which is simultaneously applied to supervisory alarm
AND-NOT gate 343¢ and the set side of main terminal
clock flip-flop 343d. This flip-flop is thereby set to pro-
vide in the output of its 0-side a negative voltage of which
one portion applied t0 monopulser 3435 serves to inhibit
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it in such manner that another negative voltage input to
monopulser 3435 fails to provide corresponding 5-micro-
second negative pulse in the output thereof. A second
portron of the negative voltage in the ocutput of the O-side
of flip-flop 3434 triggers automatic clear pulser 343e
whose output includes a 5-microsecond negative voltage
pulse which is applied via lead 343f to the input of the
set side of automatic clear flip-flop 343g in FIG. 18 there-
by setting it. At this time a second input on lead 343/
to the set side of flip-flop 343¢ 1s ground because the

message transfer is in the direction of the main terminal

to the No. 1 terminal or in other words, it is not in the
direction from the No. 1 terminal to the main terminal.
The action responsive to the negative voltage in the output
of the 1-side of flip-flop 343¢ is subsequently described.
Now, it 1s assumed that the system comprising the
main ferminal, interface, channel A and No. 1 terminal
has been cleared and the time out counter circuit has
been cleared by a negative voltage effective on lead 370¢
in a manner that will be hereinafter explained and ap-
plied to the inputs of the 0-sides of flip-flops 342¢ and
342d, both of which are thereupon reset. This re
1onopulsers
342 and 342Zc¢ whereby both of them are restored to the
normal condition in readiness to respond to another time
out count. At this time, however, flip-flop 3434 in FIG.
21 is not reset and now serves as a memory element to
indicate that one time out has occurred in the direction
of message transfer from the main terminal to the No. 1
terminal, 1n the event that a second consecutive time out

has taken place in the same direction. On the other hand,

flip-flop 343d 1s reset 1n response to the proper message
transfer in the same direction, in a manner that is subse-
quently described.

It is further assumed now that a second consecutive
time out has occurred so that when negative voltage is
again applied to lead 137q in FIG. 13, monopulser 346 in
FIG. 20 is triggered to provide in its output a 5-micro-
second negative voltage pulse which sets both flip-flop
3400 and 3404 in FIG. 21 as previously mentioned.
Flip-flop 3404 in the set state provides in the output of
its 1-side ground which activates the time out counting cir-
cuit to count two pulses from the output of gate 341)
in the manner hereinbefore discussed. In the event a
third negative voltage pulse is received from the output
of gate 3415 in FIG. 20 before the instant message trans-
fer is properly terminated in the indicated direction, the
third pulse is changed in the output of inverter 342g into
a ground which is applied as one input to gate 342¢. This
ground together with its other inputs of ground activates
gate 324e to produce in its output a negative voltage which
is supplied via monopulser 342f, but changed in the output
of inverter 343 to ground. This, together with the other
eround supplied from the output of the 1-side of flip-flop
3404, stimulates gate 343¢ in FIG. 21 which produces
a negative voltage in its output. Although a portion of
this voltage is supplied to the input of monopulser 3435,
the latter’s output maintains its status quo under coi-
trol of the inhibiting negative voltage applied thereto
from the output of the 0-side of flip-flop 343d which 1s
in the set state, as previously mentioned.

At the same time, another portion of the negative volt-
age in the output of gate 343a in FIG. 21 1s changed in
the output of supervisory alarm inverter 343 to ground
which is applied to an input of gate 343c. In addition
to this ground, other grounds are also being supplied at
the same time from moncpulser 3435 and the output of
the 1-side of flip-flop 3434 to the input of gate 343c,
whereby the latter is activated to produce in its output
a negative voltage which is simultaneouly supplied to the
reset side of channel supervisory alarm flip-flop 344 and
alarm NOT-OR gate 345. Flip-flop Is reset whereby a
negative voltage is provided in the output of its 1-side.
This voltage replaces the ground provided for the operat-

ing path of channel supervisory alarm relay 344a when
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flip-flop 344 was in the set state. As the operating path
for relay 344a is now interrupted, it releases to close its
contact 344H in FIG. 12 to complete a circuit including
channel superwsory alarm leads 344c and 344d for a
purpose that is subsequently mentioned.

Gate 345 receives, in addition to the negative voltage
received from gate 343c, ground from via closed con-
tact 346a of relay 346 in FIG. 19 which is operated at this
time for a reason that is subsequently mentioned, ground
from the output of supervisory alarm gate 345p, which
1s effective to provide a negative voltage only when the
direction of message transfer is from the No. 1 terminal
to the main terminal, ground from alarm lead 345i in FIG.
19 via closed contact 345k, and ground is on main ter-
minal bad parity lead 3237 for channel A and lead 217¢
for channel B because the parity count circuit in FIG. 22
1s i1dle at this time. As one input iIs a negative voltage
while the remaining inputs to gate 345 are ground at the
moment, this gate provides in its output ground which
18 changed in the output of alarm inverter 345c¢ to a
negative voltage. This applied to the reset sides of trans-
mit major alarm flip-flop 347 and main terminal major
alarm flip-flop 348, both of which are thereby reset, and
via lead 345¢ to the set side of automatic system off line
flip-flop 349 in FIG. 19 which is thereby set. In the re-
set state thp-flop 347 in FIG. 21 provides a negative voli-
age in the output of its 1-side thereby interrupting the
operating path of transmif major alarm relay 347a. This
releases to open its contact 3475 in FIG. 19 to remove
ground from its associated lead 347c¢ thereby interrupt-
1ng the operating path for receive major alarm relay 347¢
in FIG. 26. This relay releases to open its contact 347f
thereby disconnecting ground from the alarm circuit in
FIG. 26 for providing a suitable indication of the oc-
cuirence of a third fime out at the No. 1 terminal main-
tenance point, not shown. Lead 345i via open contact
345k in FIG. 19 provides a negative voltage from the
alarm circuit shown for activating gate 345 and thereby
flip-flops 347 and 348 in FIG. 21 essentially in the man-
ner just mentioned for providing a major alarm in re-
sponse to the occurrence of a major fault at the main
control logic terminal 13 in FIG. 1.

In the reset state, flip-flop 348 in FIG. 21 provides in
the output of its 1-side a negative voltage which inter-
rupts an operating path for relay 3482 which thereupon
releases to close its contact 3485 in FIG. 19. This sup-
plies ground for activating main data terminal alarm
circuit in FIG. 19 which indicates the occurrence of the
third time out at the main terminal maintenance point,
not shown. | |

 Flip-flop 349 in FIG. 19 in the set state provides in the
output of its O-side a negative voltage to one input of
break driver gate 350 thereby inhibiting it and to the
set side of break driver flip-flop 350« thereby setting it.
In the set state of flip-flop 3584, the output of its 1-side
supplies ground which completes the operating path of
system break driver relay 3305. This operates to close 1is
contact 356¢c in FIG. 19 thereupon supplying ground
to complete the operating path for system break relay
350d. In operating, this relay closes contacts 350e,
3501, 3502, all in FIG. 19, 350m in F1G. 11, 358p in F1G.
14 and 350v in FIG. 15 for the several purposes which
are presently discussed. Closure of contact 350e in FIG.
19 completes a loop path fo alarm and mdlcatmg cn:cmt
for registering therein that channel A is cut off from
the interface. Closure of contact 3567 in FIG. 19 sup-
plies ground to one input of manual on line set AND-
NOT gate 351 and to system break inverter 351qg. The
output of this inverter i1s applied a negative voltage to
inhibit manual on line set AND-NOT gate 3515 and is
transmitted on lead 351ic to gate 235 in FIG. 13 wherein
the negative voltage is changed to ground. This is ap-
plied through cable driver 236 and closed relay contact
237 to acknowledgment lead 108 connected to the inter-
face as in FIG. 6A. This ground serves to disconnect
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channel A from the interface which is thereupon avail-
able to institute message transfer therefrom via channel
B. ,
Closure of contact 350¢ in FIG. 19 supplied ground
to one input of make driver AND-NQOT gate 352 whose
other input from the output of system on line inverter
352a 1s also ground because system on line key 352b
in FIG. 17 1s not operated. As a comsequence, main
terminal system relay 352c¢ is released whereby its make
contact 3524 in FIG. 18 is opened to permit negative
voltage provided by voltage divider 352e to be applied
via lead 352/ to the input inverter 352. This changes the
mput of negative voliage to an output of ground which
15 supplied to the other input of gate 352 as just men-
tioned. As a result of its two ground inputs, as just
mentioned, gate 352 provides in its output a negative
voltage which is applied to the reset side of make driver
fiip-flop 353 which is thereby reset to produce in iis
output a negative voltage. This interrupts an operating
path for system make driver relay 353a which there-
upon releases to open its associated contact 3535 to dis-
connect ground from the operating paths of system
make relays 353c and 3534 and system make set relay
353e. These relays release 10 open their associated con-
tacts for purposes that will be presently explained. Re-
leased relay 353¢ opens its contact 353f thereby enabling
voltage divider 353g to apply an inhibiting negative voli-
age to gate 359 for a purpose that is later mentioned.
Returning again to operated relay 3564 just mentioned
and to FIG. 19, closed contact 350m in FIG. 11 serves
to supply negative voltage from associated voltage di-
vider 356n to idle lead 76; closed contact 350p in FIG. 14
serves to apply negative voltage from associated voltage
divider 356s to have message lead 3185; and closed con-
tact 350v in FIG. 15 serves to provide negative voltage
from voltage divider 358w to reset lead 338¢. The effect
of the negative voltage on the three leads just identified is
to indicate to the interface a permanent busy signal from
channel A, in the manner explained hercinbefore in re-
gard to the signaling voltage on the respective leads.
When, therefore, released relays 353c, 353¢ and 3534
in FIG. 19 open their contacts 3534, 353i, 144qa, 146aq,
3i9a, 396D, 353k, 353m, 353n, 219q, 237, 353p, 311gq,
353r, 3535, 3537 and 353x in FIGS., 10, 11, 13, 14 and 135,
communication between the interface and channel A is
thereby interrupted, but is still continued between chan-
nel A and the No. 1 data terminal. The latter commu-
nication may be interrupted, if desired, by a manual op-
eration in a manner that will be subsequently mentioned.
As channel A is now off line in regard to the interface,
the channel is available for appropriate testing operations.

Time out in direction from No. 1 data terminal to main
data terminal

A time out in the direction of message transfer from
the No. 1 terminal to the main terminal causes the sys-
tem to disconnect channel A from the interface in a
manner that is presently explained. It is recalled that
the relay 257 in FIG. 18 and relay 256a in FIG. 19 were
operated during the message transfer from the No. 1
terminal to the main terminal; and that closed contact
25656 in FIG. 20 of relay 256« served to apply ground to
one input of gate 256c. At the same time ground is ap-
plied via lead 25864 from the cutput of the 0-side of flip-
flop 138e in FIG. 18 to a second input of gate 256¢ be-
cause the flip-flop is in the reset state since channel A is
not being cleared at this time. Ground is also being ap-
plied on lead 1374 in FIG. 13 and closed relay contact
3531 as a third input to gate 256c¢ for the reason that the
message itransfer at the moment is not in the direction
from the main terminal to the No. I terminal. Now:
when clock phase PH3 is supplied on lead 1384 in FIG.
7A an on leads 1384 and 1384 in FIG. 11, it provides a
I-microsecond ground as a fourth input to gate 256¢, in
FIG. 20, As all four inputs to this gate are now ground,
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it provides in its output a negative voltage which is sup-
plied to clock activate monopulser 354. This provides
in its output a 5S-microsecond negative voltage pulse which
1s supplied to the set side of clock activate flip-fiop 3405
in FIG. 20 thereby setting it and which is also applied
on lead 3544 to the 1-side of No. 1 terminal time out flip-
flop 356 in FIG. 21 thereby setting it. In the set state,
flip-flop 3405 supplies ground to one input of gate 3415
whose other input is also receiving a 1-microsecond ground
at the same time from the output of inverter 341a. As a
consequence, flip-flop 3416 produces in its output a
1-microsecond negative voltage which activates the time
out pulse counting circuit comprising monopulser 342
flip-flop 3424, gate 342b, monopulser 342c, ﬂip-ﬂop 3424,
gate 342¢, monopulser 342/, and inverter 342¢ in FIG.
20 to effect a count of two in the manner herembefore'
explained in regard to the message transfer from the
main terminal to the No. 1 terminal.

Now, as above explained, when the third negative pulse
is provided in the output of gate 341b, the pulse 1is
changed to ground in the output of inverter 342¢ and ap-
plied as one input to gate 342e. This input, together with
the two other simultaneous ground inpufs to this gate,
serves to produce in the output of gate 342¢ a negative
voltage which is translated in the output monopulser 342f
into a 2-microsecond negative voltage pulse. This pulse
is applied to the input of inverter 343 whose output there-
upon effects a 2-microsecond ground pulse which is applied
to one input of No. 1 terminal time out AND-NOT gate
357 in FIG. 21. This gate is also receiving ground from
the output of the 1-side of flip-flop 356 resting in ifs set
state at this time. As a consequence of its two ground
inputs, gate 357 provides in its output a negative voltage
which is applied to a circuit comprising No. 1 terminal
supervisory alarm monopulser 3575, supervisory alarm
gate 345b, No. 1 terminal clock flip-flop 357d, automatic
clear monopulser 357¢, and supervisory alarm 1nverter
357i to provide a negative voltage on lead 3434, in the
manner described hereinbefore for the operation of the
circuit including the corresponding elements 343b, 343c,
343d, 343¢, and 343i to produce a negative voltage on
lead 343f.

In addition, gate 3455 produces the negative voltage
which is applied as one input to gate 345 as previously
mentioned. As this negative voltage is effective while
the remaining inputs to .gate 345 are ground, this gate
provides in its output ground which is changed in the

output of inverter 345¢ to a negative voltage which is

simultaneously applied to the inputs of the reset sides
of flip-flops 347 and 348 thereby resettmg them, and to
the input of the 1-side of flip-flop 349 in FIG 19 to
set it. In the reset state, the ouput of the 1-side of
flip-flop 347 in FIG. 21 is negative voltage which inter-
rupts the previously mentioned operating path of relay
347a. This releases to open its contact 3476 in FIG.
19 to remove ground from lead 347¢ thereby interrupt-
ing the previcusly identified operating path via this lead
for relay 347¢ in FIG. 26 which then releases to open
its contact 347f to remove ground from the alarm cir-
cuit in FIG. 26. This serves to provide an alarm indica-
tion at the No. 1 terminal maintenance point, not shown,
of the occurrence of the third time out. As the reset
of flip-flop 348 in FIG. 21 serves to release relay 348q
which then closes its contact 348b in FIG. 19 thereupon
to supply ground for activating the main terminal alarm
circult 1n FIG. 19, as previously mentioned, the occur-
rence of the time out is indicated at the main terminal
maintenance point, not shown. |

As flip-flop 34% in FiG. 19 is now set in the manner
just described, the oufput of its O-side is a negative
voltage which inhibits gate 35¢ and which is applied
to the set side of flip-flop 3504 to set it. This flip-flop
in the set state provides a ground to operate relay 3505
which closes its contact 350c to complete an operating

path for relay 358d. This relay operates to close its

10

15

20

25

30

40

50

60

65

70

75

58

contacts 350¢, 350f, 3502, 350m, 350p and 350y for
the following purposes: via closed contact 350e to regis-
ter an alarm in the alarm circuit in FIG. 19; via closed
contact 3501 to effect the transmission of ground on lead
168 in FIG. 13 to FIG. 6A as above explained for dis-
connecting channel A from the interface; via closed con-
tact 3580¢ in FIG. 19 to disconnect ground from relays:
353c¢, 353d and 353e thereby releasing them, as previously
mentioned; via closed contact 358m in FIG. 11 to sup-
ply negative voltage to idle lead 76; via closed contact
350p in FIG. 14 to apply negative voltage to lead on
lead 310b; and via closed contact 350y in FIG. 15 to
apply negative voltage on lead 338. The effect of the
negative voltage on leads 76, 3185 and 330 is to indicate
a permanent busy signal from channel A to the inter-
face. Release of relays 353c¢, 353d and 353¢ in FIG. 19
opens contacts 353k, 353i, 144a, 146, 310a, 306D, 353k,
353m, 353n, 219a, 237, 353p, 311z, 353r, 3535, 353t
and 353x in FIGS. 10, 11, 13, 14 and 15 to interrupt
communication between the interface and channel A
thereby rendering this channel available for appropriate
testing operations. |

Release of counter circuit upon completion of
proper message trarisfer

In the direction from the main terminal to the No., 1
terminal: when a count of one or two 1s effected 1n
the time out counting circuit and a message is then prop-
erly transferred in the direction from the main terminal
to the No. 1 terminal, for example, the time out count-
ing circuit for such direction 1s restored to normal in
the following manner. Negative voliage effective on lead
232a from the output of gate 232 in FIG. 12 is applied
to main terminal clear monopulser 37¢ in FIG. 21 when
an acknowledgment signal is to be transmitted on lead
1€8, as previously mentioned. The cutpuf of monopulser
370 provides in its output a 2-microsecond negative volt-
age pulse which is changed to a 2-microsecond ground
pulse in the output of main terminal clear inverter 370a.
This ground pulse is again changed in the output of main
terminal clear inverter 3765 to a 2-microsecond nega-
tive voltage pulse which is applied on lead 376¢ to the
reset sides of flip-flops 340H, 3424 and 3424 in FIG. 20
while at the same time ground is also effective on lead
222q because the system is not being automatically cleared
and on lead 376¢ because the system is not being cleared
in response to a proper message transfer from the main
terminal to the No. 1 terminal, both latter grounds being
applied to the remaining two inpuis of the respective
ilip-flops. As a consequence, flip-fiops 34%bh, 342a and
342d are reset so that the outputs of their 1-sides and
O-sides are megative voltage and ground respectively,
thereby reversing the voltages supplied from the out-
puts of the respective sides when the flip-flops were in
the set state, This serves to restore the time out count-
ing circuit to a normal or idle condition. After the out-
put of monopulser 233 in FIG. 13 returns to ground
upon the expiration of 5 microseconds, this ground is
changed in the output of inverter 234 into a negative
voltage which is translated into a S5-microsecond nega-
tive voltage pulse in the output of monopulser 239. This
pulse, in the output of monopulser 233, serves to effect
ground on lead 108 to the main terminal in the manner
aforedescribed. It is recalled from the previous descrip-
tion of message transfer from the No. 1 terminal to the
main terminal that gate 262 in FIG. 14 provided a nega-
tive voltage on its output lead 262a. This voltage is
now applied on lead 2626 to monopulser 267 in FIG.
21 ‘whose output is thereupon caused to produce a 2-
microsecond negative voltage pulse. This is changed in
the output of No. 1 terminal clear inverter 371 to a
2-microsecond ground pulse and again changed to a 2-
microsecond voltage pulse in the outputs of No. 1 ter-
minal clear inverters 371a and 371b. The pulse from
the output of inverter 371a is applied to the reset side
of flip-fiop 356 thereby resetting it, while at this time
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eround on lead 222« is also applied to the same input
- because the time out counter circuit is not being cleared
at this fime as previously indicated. The negative volt-
age pulse in the output of inverter 37ia on lead 3704
is also applied to the reset side of flip-flop 34056 in FIG.
20 thereby resetting it. Ground is also effective on lead
37¢c because the message transfer at the moment is not
in the direction of the main terminal to the No. 1 ter-
minal, and on lead 2224 because the system is not being
cleared at this time. Ground is also on lead 118g In
FIG. 13 to remove the text parity indication, and on
lead 239a to activate flip-flop 3404 in FIG. 21 to the
reset state in the manner discussed hereinbefore. This
resetting of flip-lop 3464 is achieved because ground
is effective on lead 222a for the reason that the system
1s not being cleared of time out counts at this time.
In the reset state flip-flop 3484 allows gate 3434, mono-
pulser 3435, gate 343¢, inverter 3434, flip-flop 343d,
monopulser 343¢ and flip-flop 344 in FIG. 21 to return
to the normal or idle state. Now the restoration of time
out counter circuit for the direction of message transfer
from the main terminal to the No. 1 terminal is not
being cleared of time out counts in the manner explained
hereinbefore. The negative voltage pulse in the output
of inverter 371b in FIG. 21 is applied on lead 370e
to the reset sides of flip-flops 342« and 3424 in FIG. 20
while ground on leads 2224 and 370e¢ for the reasons
just mentioned is also being applied to the same sides
whereby both flip-flops are reset. As the ouiputs of the
1-sides and O-sides of both reset flip-flops are negative
voltage and ground, respectively, this restores the pre-
viously identified time out counter circuit to the idle con-
dition for the direction of message transfer from the
No. 1 terminal to the main terminal, as mentioned above
for the direction of message transfer from the main ter-
minal to the No. 1 terminal.

- Auromatic clear and alarm circuit

In the previous discussion of the time out counter cir-
cuit for the direction of either from: the main terminal to
- the No. 1 terminal or vice versa, it was mentioned that a
5-microsecond negative voltage pulse effective on either
lead 343f or 343/ in FIG. 21 served to activate flip-flop
343z in FIG. 18 1o the set state. As a consequence, the
flip-fiop provided in the output of its 1-side ground which
serves to complete an operating path for transmit auto-
matic clear relay 372 which thereupon closed 1ts contact
372a and opened its contact 3726. This opened contact
disconnects ground from associated voltage divider 372c
which then supplies a negative voltage to the inputs of
automatic clear inverter 372d, reset on line flip-flop gate
372¢, clear NOT-OR gate 372f and clear NOT-OR gafte
372g¢. Gate 372f 1s also receiving ground on lead 3724
from the output of gate 351 1 FIG. 19; and gate 372¢
is also receiving ground on leads 373¢ and 3735 via closed
contact 373a of released relay 373 and via closed contact
374¢ of main terminal major clear relay 374 in FIG. 17.
Since gates 372f and 372g are receiving negative voltage
together with ground, their outputs provide ground.
Ground from the output of gate 372f is changed by clear
inverter 375 to a mnegative voltage which is effective on
lead 142, As the voltage on lead 142 relates to channel
B shown in FIG. 1, no further description of it is given
for a reason that is mentioned later herein. Ground
from the output of gate 372g is changed by clear power
inverter 376 to a negative voltage which i1s applied to
lead 222a4. The negative voltage on lead 222a is applied
to the reset sides of flip-flops 340H, 3424 and 3424 in
FIG. 20 thereby resetting them. This negative voltage is
also applied to No. 1 terminal clear gate 377 in FIG, 21
but has no effect thereon at the moment. In this manner
the time out counter circuit discussed hereinbefore is re-
stored to the idle state.

In addition, the negative voltage effective on lead 2224
is also applied to inputs of the O-sides of flip-flops 154
in FIG. 10, 163 in FIG. 12, 169 m FIG. 12, 17§ in FIG.
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11, 227 in FIG. 13, 260 in FIG. 11, 266 and 267 in FIG.
15 and 312 in FIG. 14, thereby resetting all of them.
The negative voltage -is applied on lead 2224 to the input
of rset NOT-OR grate 378 in FIG. 15 which is receiving
at the same time ground on lead 2564 because the system
is not being manually cleared in a manner that subse-
quently will be explained. As gate 378 is receiving both
negative voltage and ground at its two inputs, it provides
in its output a ground which is supplied to the input of
reset gate 378a whose other input is also receiving ground
on lead 324h and closed relay contact 353k, In view of
such two input grounds, gate 3784 provides in its output
a negative voltage which activates reset monopulser 3785.
This produces in its output a S-microsecond negative volt-
age pulse which stimulates NOT-OR gate 378¢ to produce
in its cutput a 5S-microsecond ground. This ground in the
output of gate 378¢ is changed in the output of reset in-
verter 378e into a 5-microsecond negative voltage which is
applied wia reset cable driver 378f and closed relay con-
tact 383m to reset lead 338. This lead supplies negative
voltage to the interface in FIG. 8A for the purpose men-
tioned hereinbefore. |

Negative voltage effective on lead 142 as just mentioned
is now applied to the set side of flip-flop 146 in FIG. 11
thereby setting it. Ground from the output of the 1-side
cf this flip-flop on lead 140e is changed in the output of
mverter 143 to a negative voltage which is supplied via
cable driver 144 and closed relay contact 1444 to idle lead
76. At the same time, negative voltage from the . output of
the 0-side of flip-flop 149 on lead 1404 is changed in the
output ©of inverter 145 dnto ground which is supplied via
cable driver 146 and closed relay contact 1464 to busy
iead 99. These voltages on leads 76 and 99 serve to pro-
vide the interface in FIG. 6A with a busy indication while
the remainder of the system. is being cleared by the nega-
tive voltage effective on lead 2224, in the mannér previ-
cusly explained.

Referring now to FIG. 18 it is recalled relay 372 is in
the operated condition. As a consequence, ground is
available on its closed contact 3724 whereby both ground
and negative voltage are effective on main terminal auto-
matic clear lead 372m for operating receive automatic
clear relay 379 in FIG. 25. This operates to close its
make contact 37%9q and open its break contact  379b.
Closed contact 3794 provides ground to complete an oper-
ating path for automatic clear relay 379¢ which operates
to close its make contact 3794 and open its break contact
37%. Open contact 37%e enables negative voltage to be
supplied from voltage divider 379/ as one input to clear
NOT-OR gate 38¢. Break contact 37956 of operated re-
lay 379 permits negative voltage of voltage divider 379¢
to be applied as a second input to gate 380. At this time
ground is on the third mnput to gate 380 because the system
1s not being manually cleared in a manner that will be
subsequently explained. As a consequence of such two
inputs of negative voltage, gate 38¢ provides ground in its
cutput. This ground is changed in the output of clear
iverter 380a to negative voltage which is applied on
lead 381 to the reset sides of the following flip-flops to
activate them to the reset state: 186, 193, 251, 252, 273,
278, 285 and 384 in FIGS. 28, 29, 30 and 31.

The negative voltage on lead 381 is also applied to
monopulser 32% in FIG. 28 which is thereby stimulated
to produce in its output a 5-microsecond negative voltage
pulse. This is changed in the output of inverter 320a
to a 5-microsecond ground pulse which provokes no ac-
tion in the system until the output of monopulser 326
returns to ground, whereupon the output of inverter 320a
returns to its mormal state which supplies an output of
negative voltage. This effects in the output of monopulser
22846 a 5-microsecond negative voltage pulse which is sup-
plied to one input of gate 328c which is also receiving a
negative voltage on lead 381. As both inputs to gate 320c¢
are negative voltage, it provides in its output ground which
is changed in the outputs of inverters 3284, 320¢, 320i, and
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32¢m into negative voltage which resets the 120 data
registers DR1 through DR12¢ in FIG. 27 in the manner
explained hereinbefore.

It will be recalled from the foregoing explanation that
relay 379c in FIG. 25 is now operated to close its con-
tact 379d. This completes an operating path including
ground and a source of negative voltage applied via lead
375m for relay 373 in FIG. 18. This relay operates to
open its normally closed contact 373a for disconnecting
ground thereby enabling voltage divider 373d to apply
a negative voltage to the reset sides of flip-flop 343g, and
gates 372¢ and 372¢. Gate 372¢ is not activated at this
time due to the inhibiting negative voltage applied there-
to by voltage divider 372c¢, as relay 372 is operated to
open its break contact 372b. Flip-flop 343¢g is now reset
to provide negative voltage in the output of its 1-side
thereby interrupting the operating path for relay 372.
This relay releases to open. its make contact 3724 and to
close its break contact 372b. Closed contact 3725 sup-
plies ;ground to inverter 372d, and gates 372¢, 372f and
372¢. Gate 372¢ is still inhibited for the reason just
mentioned thereby precluding any change of the voltage
im the output thereof.

At the time relay 373 was operated, its closed contact
373e supplied ground to one input of set on line flip-fiop
gate 382. Also, at the time relay 372 was operated, its
open contact 372b enabled voltage divider 372¢ to supply
a negative voltage to inverter 3724 as aforementioned.
This voltage is changed in the output of the inverter 372d
to a ground which is applied as one input gate 382. As
this gate is now supplied with two ground inputs, it pro-
vides in its oufput a negative voltage which is applied to
the set side of flip-flop 3824, together with ground on
manual on line flip-flop lead 383 because manual on line
flip-flop 383¢ 1n FIG. 19 is in the reset state at this time.
Flip-flop 382a 1s now activated to the set state. The
release of relay 372 opens its contact 3724 thereby dis-
connecting ground from lead 372 to interrup the operat-
ing path of relay 379 in FIG. 25. This relay releases to
open its contact 37%9a to disconnect ground from the
operating path of relay 379c which thereupon releases to
open its contact 37%9d. This disconnects ground from
lead 379m to interrupt the operating path for relay 373
in FIG. 18 which then releases to close its contact 373a
and open 1ts contact 373e. Closure of contact 373a sup-
plies ground on leads 373b and 373c¢ to gates 372¢ and
372g. As ground is now effective on all three inputs to
gate 372g, it provides in its output a negative voltage
which is changed in the output of inverter 376 into a
ground. This removes the negative voltage from lead
222q that was heretofore utilized to effect the automatic
clear signal in the manner previously mentioned, and per-
manently places a ground thereon.

As relays 372 and 373 are now released, ground is
supplied from their closed break contacts 3725 and 373aq,
respectively, to the two inputs of gate 372¢ which provides
negative voltage in its output. This voltage applied to
the reset side of flip-flop 382a resets it whereupon the
output of the 1-side is a negative voltage. This activates
monopulser 164e to produce in its output a 5-microsscond
negative voltage pulse which is applied via lead 164¢ to

gate 164c in FIG. 12 whose other input from the output

of mornopulser 164) is ground at the moment because a

message is not being terminated as described hereinbe-

fore. As a consequence, gate 164c¢ provides in its output
a S-mucrosecond ground pulse. When monopulser 164e
in FIG. 18 returns to ground after 5 microseconds of
elapsed time, the output of gate 164c provides a negative
voltage in its output.

231 which is then caused to provide a 2-microsecond
negative voltage in its output.
two successive inversions via gate 23% and inverter 240,
and 1s then applied as a negative voltage on lead 240aq
to the reset side of flip-flop 148 thereby resetting it.
Negative voltage in the output of the 1-side of flip-flop

This voltage stimulates monopulser

This voltage is changed in
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140 is changed in the output of inverter 143 to ground
which is applied via monopulser 144 and closed relay
contact 144q to idle lead 76; and ground from the cutput
of the 0-side of flip-flop 140 is changed in the output of
inverter 145 to negative voltage which is supplied through
monopulssr 146 and closed relay contact 146z to busy
lead 99. This restores both leads 76 and 99 to the normal
state and terminates the automatic clearing of the syste
at the main terminal for channel A. |

Manual clear and off line operation

A manual actuation of manual clear off line key 385
in FIG. 17 closes two associated contacts to complete
an operating path on leads 385a and 3855 for main ter-
minal manual control relays 374 in FIG. 17 and 387 1n
FIG. 24 both of which operate. Relay 374 opens its
contact 374q in FIG. 18 to disconnect ground thereirom
and at the same time permit voltage divider 3745 to
apply a negative voltage to the set side of fiip-flop 138e
and to one input of gate 372¢ which is recetving ground
at its two other inputs from contact 372b of released re-
lay 372 and from contact 373a of released relay 373, as
aforementioned. As a consequence, gate 372g provides
in its output ground which is changed in the output of
inverter 376 to negative voltage which is then effective
on lead 222a. This clears the main terminal at channel
A as described above for the automatic clearing of the
same terminal. The output from the 0-side of flip-flop
138¢ in FIG. 18, which is in the set state, is a negative
voltage which is simultaneously applied via lead 2564 (a)
to the input of gate 256¢ in FIG. 20 thereby inhibiting it
(b) to lead 138¢ in FIG. 18, and (¢) to the reset sides of

flip-flops 343d and 357d in FIQG. 21 thereby resetting them.

At this time, the inputs to the reset sides of flip-flops 343d
and 357d from the outputs of main terminal clear gate
386 and No. 1 clear gate 377, respectively, in FIG. 21
are ground. This is so for the reason that a negative
voltage effective on lead 222¢ to the respective gates, while
the other inputs thereto are ground, provides ground in
outputs of the gates during the systen clearing operation
explalned hereinbefore.

Referrmg to the negative voltage effective now on lead
138c in FIG. 18, this voltage applied to the reset side of
output gate driver flip-flop 391 resets it. In the reset state
the output of the 1-side of the flip-fiop provides a negative
voltage thereby interrupting the operating path of output
gate driver relay 391a which releases to open its contact
3915 in FIG. 10 thereby disconnecting ground from the
operating paths of output gate driver relays 39ic and
391d. These relays release so that relay 32ic opens its
associated contact 3%1e which disconnects ground from
the operating paths of 10 output gate relays represented
by relays 391f and so that relay 3914 opens its associated
contact 391¢g which disconnects ground from the operating
paths of 10 output gate relays represented by relays 391k.
In all, the relays 391c and 391d control 20 relays repre-
sented by relays 391f and 3%91k. FBach of the 20 relays
3%1f through 391k includes 6 contacts represented by
contacts 313j in FIG. 10 so that 120 relay contacts 3137
are 1nvolved in the 120 leads 313x, 3194, 31%¢ and 3197, as
mentioned hereinbefore. At this time, therefore, the 120
contacts 313j are open to interrupt the last-mentioned
120 outgoing line leads which thereupon disconnect the
contacts 313v and 313w of each of the 120 L1 through
Li20 line relays 321 through 321c¢ in FIG. 16 as above-
identified from the interface in FIG. 7B. Channel A is
now disconnected from the interface. Referring now to
FI1G. 18, the closed contact 374c of operated relay 374
in FIG. 17 provides ground to the input of manual clear
inverter 375e in FIG. 19 whose output supplies a negative
voltage to gate 350 thereby inhibiting it and to the set side
of flip-flop 350a thereby setting it. This serves to initiate
the off line operation for disconnecting channel A from the
interface precisely in the manner described hereinbefore as

elffected by a negative voltage applied simultaneously to
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gate 350 and the set side of flip-flop 358a from the output
of the O-side of flip-flop 349 in the set state for the auto-
matic clearing of the system.

As relay 387 in FIG. 24 is now operated, it opens its

break contact 387q in FIG. 25 for disconnecting ground
therefrem and at the same time to enable voltage divider
387bH to supply negative voltage to the set side of manual
clear flip-flop 3815 thereby setting it and to one input of
gate 380. 1In the set state of flip-flop 3815, the output of
its 1-side provides ground for energizing signal lamp 381e
- to indicate the operation of the key 385 in FIG. 17 as
above-mentioned. At this time ground is also being sup-
plied to the other two inputs of gate 380 via contacts
3790 and 379¢ of released relays 379 and 387, respec-
tively. As a consequence, gate 380 provides in its output
ground which is changed in the output of inverter 380q
to a negative voltage effective on lead 381. This negative
voltage applied to the input of gate 320c¢ in FIG. 28 acti-
vates it to produce in its output ground which is simulta-
neously applied to the inputs of inverters 320d, 328¢, 320:
and 320m, as above mentioned, but only the response of
‘1nverter 326{ is now discussed. The ground in the input
of mverter 328: is changed in the output thereof to a neg-
ative voltage which is transmitted on lead to 320p to the
reset side of flip-flop 184 in FIG. 31 thereby resetting it.
Inthe reset state, the output of the 1-side of flip-flop 184
18 negative voltage which interrupts the operating path of
relay 187 thereby releasing it. This relay opens its con-
tact 187a in FIG. 24 to disconnect ground therefrom
~whereby in due course relays 188, 1885, 175, 189 and
1884 are released. Released relays 189 and 188d open
their associated 120 contacts comprising contacts 190,
1%0a, the intermediate contacts, and contacts 1905 and
190c¢ 1n FIG. 23 thereby opening the operating paths for
the 120 L1 through L1260 line relays comprising relays
191, 1914, the intermediate relays, and relays 191) and
191c, as above discussed and shown in FIG. 23.
- In FIG. 25, closed contact 387¢ of operated relay 387
supplies ground on lead 387d to manual confrol inverter
388 and make driver AND-NOT gate 389. The output
of inverter 388 provides in its output a negative voltage
which is applied to the set side of break driver flip-flop
388a thereby setting it. In the set state, this flip-flop pro-
vides in the output of its 1-side a ground which com-
pletes the operating path of system break driver relay
3886 thereby operating it. This relay closes its contact
338c to compiete an electrical path to alarm circuit in
FIG. 26 for mdlcatmg channel A terminal at the No. 1
terminal 1s off line. As on line key 398 in FIG. 24 is not
actuated at this time, ground is applied via closed contact
3890a 1n FIG. 25 of relay 3905 in FIG. 24 to one input of
gate 389. As the two inputs to gate 389 are now ground,
the output thereof provides negative voltage which is
applied to the reset side of make driver flip-flop 3894
thereby resetting it. This results in the production of a
negative voltage in the output of the 1-side of the flip-flop
whereupon ground is disconnected from the operating
path of system make driver relay 3895 which is thereby
released. Open contact 389¢ of this relay removes
ground from the operating paths of send message relays
389d, 38%¢ and 38%f which are then released to open the
6 contacts including contacts 2865, 250a, 274a, 2774, 288«
and 298a controlled by relay 3894, the 4 contacts in-
cluding contacts 195a, 1964, 3004, and 300¢, controlled
by relay 38%¢ and the two contacts 1974 and 197b con-
trolled by relay 389f as shown in FIGS. 29, 30, 31 and
32. These opened contacts disconnect the following
leads from the No. 1 terminal: 259, 275, 2775, 206, 2985,
289, 200, 3094, 195b, 196, 197 and 197C. Now, channel
A 1s disconnected from the No. 1 terminal. As channel
A 1s now disconnected from both the interface and No. 1
terminal, this channel is available for any trouble shoot-
ing that may be required.
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Operation for returning channel A to on line

Actuation of either main terminal on line key 35256 in
F1G. 17 or No. 1 terminal on line key 39¢ in FIG. 24 or
both operates associated relays 352c¢ and 398) whereby
open contact 332f in FIG. 18 of relay 332¢ removes
ground to enable voltage divider 352g to apply a negative
voltage to the reset sides of flip-flops 138¢ and 349 and
resets them.

A negative voltage from voltage divider 352¢ is also
applied to the set side of flip-flop 391 in FIG. 18. This
sets the flip-flop which thereupon provides in the output
of its 1-side ground which completes an operating path
for relay 391a. This operates to close its contact 3915 in
FIG. 10 and thereby to supply ground to the orerating
paths of relays 3%1c and 3%91d which operate to supply in
turn ground to the operating paths of the 20 relays 3917
and 391%4. These relays operate to close their 120 con-
tacts 313 in FIG. 10 and thereby again connect the con-
tacts 313v and 313w of each of the 120 L1 through 1.12¢
line relays in FIG. 16 as above identified to the respective
120 outgoing lines 313x. This serves to reconnect chan-
nel A to the interface in FIG. 7B. |

Agam in FIG. 18, closed contact 3524 of operated relay
352¢ in FIG. 17 provides on lead 352/ ground which is
simultaneously supplied to the inputs of gate 351 and
mverter 352qa in FIG. 19. The output of this inverter
provides a4 negative voltage which inhibits gate 352 and
which 1s also supplied to the set side of flip-flop 353
thereby setting it. This flip-flop provides in the output
of its 1-side ground which completes the operating path
for relay 353a which is then operated. This relay closes
its contact 3530 in FIG. 19 to supply ground to the oper-
ating paths of relays 353c, 3534 and 353¢ which operate
to close their associated contacts as follows: relay 353c
closes 1ts contact 3533/ to complete lead 258 in FIG. 11,
1ts contact 3537 to complete lead 92 in FIG. 11, its con-
tact 144a to complete lead 76, its contact 146a to com-
plete lead 99 in FIG. 11, its contact 353k to complete
lead 324Ah in FIG. 15, and its contact 333m to complete
lead 330 in FIG. 15; relay 3534 closes its contact 3194 to
complete lead 3100 in FIG. 14, its contact 3060 to com-
plete lead 366c in FIG. 14, ifs contact 3531 to complete
lead 314 in FIG. 15, its contact 21%a to complete lead
1184 in FIG. 13, its contact 353r to complete lead 128/
in FIG. 13, and its contact 353s to complete lead 85¢ in
FIG. 13; and relay 353e¢ closes its contact 237 to com-
plete lead 108 in FIG. 13, its contact 353p to complete
lead 107 in FIG. 10, its contact 311a to complete lead 311
in FIG. 14, its contact 353¢ to complete lead 1374 in FIG.
13, and contact 353x to complete lead 323 in FIG. 15.
All of the completed leads just identified reconnect chan-
nel A to the interface shown in FIGS. 6A, 6B, 7A, 7B,
SA and 8B. |

In addition, closed contact 353f of relay 353¢ in FIG.
19 supplies ground to one input of gate 35¢ whose secoand
input via the 0-side of flip-fiop 349 is ground because the
system is not being cleared through the automatic clear
and alarm circuit as discussed hereinbefore and whose
third input is also ground from the output of nverter
375e because the manual clear circuit is not operative at
this time. As all three inputs to gate 350 are ground,
its output is a negative voltage which is applied to the
reset side of flip-flop 350 thereby resetting it. This flip-
flop provides now in the output of its 1-side a negative
voltage which interrupts the operating path of relay 3585
which is thereby released and opens its contact 358c. This
disconnects ground from contact 350¢ thereby interrupt-
ing the operating path of relay 3504 which releases to
open its contacts 35Qe, 350f and 350g. Opening of con-
tact 350g¢ enables voltage divider 352/ to apply a negative
voltage to the second input of gate 352 as a permanent
inhibit thereto. Open contact 350f removes ground and
thereby permits voltage divider 3504 to supply negative
voltage to the inputs of gate 351 and inverter 351a. This
inverter provides in its output ground which is supplied
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to the input of gate 351h. Open contact 350e opens the
two alarm leads connected thereto. |
Prior to the release of relay 3564, ground on lead 352:
supplied to the input of gate 351 together with the ground

provided by closed contact 350f activated the gate to pro-

vide in its output a negative voltage. This is supplied
to the set side of flip-flop 383a thereby setting it. This
flip-flop provides in the output of its O-side a mnegative
voltage which is applied on lead 383 to the set side of flip-
flop 382a in FIG. 18 thereby setting it. Therefore, when
the on line key 3525 in FIG. 17 is released to restore its
associated relay 352c¢ to the unoperated condition, its open
contact 3524 in FIG. 18 disconnects ground therefrom
to enable voltage divider 352¢ to supply on lead 332i a
negative voltage. This voltage is simultaneously applied
to the input of inverter 352¢ which is changed to ground
in the output thereof and to one input of gate 351 to
inhibit it. The ground in the output of inverter 352a i1s
applied to the input of gate 3515 which is also then re-
ceiving ground in its other input from the output of in-
verter 351a.

As gate 3510 is presently receiving ground at two of
its inputs, it provides in its output a negative voltage which
is applied to the reset side of flip-flop 383a thereby re-
setting it. This flip-flop produces in the output of its
0-side ground which is supplied on lead 383 to the set
side of flip-flop 3824 in FIG. 18. This permits the flip-
flop to be reset by the negative voltage which is also
being simultaneously supplied to the reset side thereof
from the output of gate 372e. In the reset state, the out-
put of the 1-side of flip-flop 382a is a negative voltage
which activates monopulser 164¢ {o produce in its output
a 5-microsecond negative voltage effective on lead 164d.
This voltage, applied in FIG. 12 to one input of gate 164c
whose other input is ground from the output of mono-
pulser 164b, activates it to provide in its output a 5-micro-
second ground. This, as previously explained in connec-
tion with the automatic clear and alarm circuit, results
eventually in the establishment of ground on lead 76 and

a negative voltage on lead 99 both of which leads are

thereby returned to the idle state in FIG. 11.
is now on line at the main terminal.
Referring now to FIG. 24, relay 39¢) being operated in
the manner described above, it opens its contact 390a in
FIG. 25 thereby enabling voltage divider 390d to supply
a negative voltage to the input of gate 389 for inhibit-
ing it and to the set side of flip-flop 3894 for setting if.
In the set state, this flip-flop provides in the output of
its 1-side a ground which completes the operating path of
relay 3895. This relay operates to close its contact 389c¢
thereby connecting ground to the operating paths of relays
3894, 38%¢ and 389f. These relays operate to close their
associated contacts identified below for connecting chan-
nel A to the No. 1 terminal in the on line status: operated

Channel A

relay 389d closes its contact 250a to complete lead 2350
in FIG. 29, its contact 274a to complete lead 275 in FIG.

29, its contact 277d to complete lead 2776 in FIG. 29, its
contact 2065 to complete lead 266 in FIG. 30, its contact
298a to complete lead 2986 in FIG. 29, and its contact
288a to complete lead 289 in FIG. 30; operated relay
389¢ closes its contact 3004 to complete lead 300 in FIG.
30, its contact 300¢ to complete lead 300« in FIG. 30, its
contact 195 to complete lead 1955 in FIG. 31, and 1ts
contact 196d to complete lead 196 in FIG. 32; and oper-
ated relay 389e closes its contact 197a to complete lead
197 in FIG. 32, and its contact 197h to complete lead
197¢ in FIG. 32, and in addition, its contact 389g¢ in FIG.
25 to supply ground to one input of break driver gate
392 whose other input is also ground received from the
output of inverter 388 because a manual clear procedure
as explained above is not effective at the moment.
view of its two present ground inputs, gate 392 provides
in its output a negative voltage which is supplied to the
reset side of flip-flop 388a thereby resetting it. In the

reset state, this flip-flop provides in the output of its 1-side
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a negative voltage which serves to interrupt the operating
path of relay 388b. This releases to open its contact
388c in FIG. 26 thereby interrupting the electrical path
connected to the alarm circuit whereupon the previous
indication therein is discontinued so that the alarm now
shows channel A is returned to the on line at both the
main termmal and the No. 1 termmal

Szmulat:on of message transfer in opposite directions

It will be understood that when messages are to be
simulated in the direction from the main terminal to the
No. 1 terminal or vice versa, channel A is operated to the
off line condition in the manner prewously explained.
Simulation of message transfer from the main data ter-
minal to the No. 1 data terminal shown in FIG. 20 is
achieved in the following manner. Initially, when the
simulators are in the idle condition, main terminal key
1546 and No. 1 terminal key 400 are resting in the un-
operated condition whereupon contacts 400a and 4005
of the respective keys are open. As a consequence, nega-
tive voltage from voltage divider 400c is applied to the
reset side of output gate flip-flop simulator 400d thereby
resetting it. In the reset state, the output of the 0-side of
flip-flop 4004 supplies ground to message simulator lead
408e. Negative voltage from voltage divider 400c¢ ac-
tivates message inverter simulator NOT-OR gate 400f
which provides ground in its output. This ground is
effectively applied through monopulser message simulator
4002 to message simulator lead 4004. As test message
simulator key 401 is unoperated, its contacts 401la and
401) are open and test message leads 401c and 401d are
not provided with test message signals As key 154b is
unoperated and its contact 4805 is open, negative voltage
from voltage divider 402 is applied to the input of message
simulator NOT-OR gate 402a which 1s thereby caused
to provide in its output ground which is effective on mes-
sage simulator lead 402b. As negative voltage from volt-
age divider 402 is also applied to one input of operate
input gate simulator monopulser 402c, the output of this
monopulser is a 2-microsecond negative voltage pulse
which is effective on operate input gate simulator lead
154a. | | |

"Monopulser 403 has one input connected via lead
403a to the output of inverter 375¢ in FIG. 19, a sec-
ond input is connected via closed contact 400 to ground
associated with key 400, and a third input is connected
to ground via closed contact 400n associated with key
1545. When key 385 in FIG. 17 is actuated, relay 374
is operated to close its contact 374¢ in FIG. 18 which
supplies ground to the input of inverter 375¢ in FIG. 19
whose output then provides @a negative voltage. This is
applied over lead 4034 in FIG. 20 to the inpui of mono-
pulser 403 which is thereby caused to produce in its
output a 5-microsecond negative voltage pulse made ef-
fective on lead 483b. This pulse is applied to the input
of gate 239 in FIG. 12 which produces ground in its out-
put. This ground is changed in the output of inverter
240 to a S-mircosecond negative voltage pulse which 1is
applied to the reset side of flip-flop 140 thereby resetting
it. This flip-flop is thereupon caused to provide ground
on idle lead 76 and a megative voltage on busy lead 99
in FIG. 11 in the manner and for the purpose explamed
hereinbefore.

This ensures that flip-flop 140 in FIG. 11 is always
reset upon the actuation of manual clear key 385 in FIG.

17 in the mannper just mentioned. At this time channel
A is cleared and taken off line with flip-flop 140 in the

reset state and is available for operation by the simula-
tors now being discussed. In supplement of such control,
actuation of on line key 3526 in FIG. 17 operates its
associated relay 352¢ which thereby serves to actuate
gate 351 to provide on its output lead 372k in FIG. 19
a negative voltage in the manner previously explamed
This voltage is applied to the input of gate 372f in FIG.
18 which is thereby caused to provide ground in its
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output. This ground is changed in the output of in-
verter 375 to a negative voltage which is supplied on lead
142 to the set side of flip-flop 140 thereby setting it.
Thus, flip-flop 140 is activated to the set state when the
on line key 35256 in FIG. 17 is actuated. Upon release of
this on line key, a megative voltage is supplied to the
O-side of flip-flop 140 thereby resetting it, in the manner
previously described. Now, channel A is available for
on line operation. In order to preclude the operation
of gate 402z in FIG. 20 during message simulation before
the system is idle or off line, negative voltage form the
output of inverter 402b provides an inhibit thereto.

Referring now to the message simulator shown in
FI1G. 26, ground is effective on lead 1965 in the output
of acknowledgment monopulser simulator 404 which is
receiving a ground from the output of acknowledgment
AND-NOT wgate simulator 404a. This gate is receiving
a negative voltage from voltage divider 4945 because No.
1 terminal key 404c¢ is unoperated whereby ground is
disconnected therefrom. Since No. 1 terminal key 4085
is unoperated, ground is disconnected therefrom whereby
voltage divider 4054 is enabled to supply negative voltage
to the inputs of said message simulator gate 4955 and
message simulator gate 405¢ and monopulser 4954, all
of which provide ground in their outputs. Therefore,
if transmit simulator key 405¢ is actuated to the trans-
mit position, its contact 405f is closed to supply ground
on lead 405g while its contact 405/ is open to provide
no signal on lead 208.

Simulated test messages from main data terminal
to No. I data terminal

To inifiate the transfer of a simulated message from
the main terminal via channel A to the No. 1 terminal,
key 401 is unoperated but key 1545 in FIG. 20 is operated
to close its contact 4605 thereby supplying ground to
the input of monopulser 4062¢ which does not chanee its
output because it is also receiving ground from the out-
put of inverted 4024 at this time. Now, the input to this
mverter via lead 402¢ is a negative voltage received
from the output of the 1-side of flip-flop 140 in FIG. 11
which is in the reset state due to the fact that channel
A 1s In the off line condition. Closed contact 4005 of
ey 154b in FIG. 20 supplies ground to the input of gate
4024 which is also receiving ground from the output of
the 1-side of message flip-flop simulator 402f. This
flip-flop is always in the set state when it is in the
idle condition. At this time, a negative voltage effective
on lead 402¢ from the output of the 1-side of flip-flop
140, as qust mentioned, is changed in the output of in-
verter 4024 and applied to the input gate 4024. In
view of the three inputs of ground, gate 4024 is there-
by caused to provide a negative voltage on its output
lead 40256 which activates monopulser 139 in FIG. 11
to produce a S-microsecond negative voltage pulse in
1ts output.

The 5-microsecond negative voltage pulse in the out-
put of monopulser 139 is applied via lead 1394 to the
set side of flip-flop 140 thereby setting it. As a conse-
quence on lead 402¢ to the input of inverter 4024 in
FIG. 20 is changed in the output thereof to a megative
voltage. This is translated by monopulser 402¢ into a
2-microsecond negative voltage pulse which is supplied
via lead 154¢ to the input of the 1-side of flip-flop 154
in FIG. 10 thereby setting it. At the moment, flip-flop
154 is also being supplied at its set side with ground
on lead 154f, and no signal is on lead 154¢ because make
busy key 1544 is in the idle condition.

As flip-fiops 140 and 154 in FIGS. 10 and 11 are now
set, the operation of channel A for the transfer of the
simulated message is identical with that for the operation
- of the transfer of a regular message until flip-flop 193
in FIG. 31 is set, as above explained. Now, the output
of ground from the 1-side of this flip-flop is applied via
lead 1934 to the input of gate 404a in FIG. 26, which is
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'input of gate 4024.
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also receiving ground from closed key 404c and via
lead 179a from the output of the 0-side of flip-flop 179 in
FIG. 31 which is in the reset state. As all three inputs to
gate 404q are ground at this time, it provides in its
output a negative voltage which is changed to a 2-micro-
second negative voltage pulse in the output of monopulser
404, This pulse is applied on lead 1965 to the input of
monopulser 202 in FIG. 32. Now, the operation of
channel A for the transfer of the simulated message is
the same as that for the operation of a regular message
until the output of gate 164c in FIG. 12 provides a
5-microsecond ground on lead 239 in its output as
previously explained. |

This ground is applied to the input of gate 232 which
thereupon provides on its cutput lead 232a a 5-micro-

-second negative voltage pulse which activates monopulser

233 in FI1G. 13 to produce a 5-microsecond negative volt-
age pulse in its output. This pulse is changed in ths
output of inverter 234 to a 5-microsecond ground pulse
which is supplied via lead 2344 to the input acknowledg-
ment monopulser simulator 466 in FIG. 20 whose output
is not changed at the moment. When the ground on lead
234a changes to a negative voltage after the 5-microsec-
ond period, the cutput of monopulser 406 changes to a
S-microsecond negative voltage pulse. This pulse applied
to the reset side of flip-flop 462f resets it so that its 1-side
now provides an output of negative voltage. This acti-
vates gate 402a which is thereby caused to provide in its
output ground which is supplied on lead 4025 to mono-
pulser 139 in FIG. 11 but which causes no change in the
output thereof.

When the output of gate 164c in FIG. 12 provides on
lead 230 a negative voltage which is changed in the output
of monopulser 231 into a 2-microsecond negative voltage
pulse, this pulse supplied on lead 231a to the set side of
flip-flop 215 effects no change in the state thereof since
1t is resting at the moment in the set state. The pulse
in the output of monopulser 231 is changed into a 2-
microsecond ground pulse in the output of gate 239 and
changed again in the output of inverter 240 into a 2-
microsecond negative voltage pulse which is applied to
the reset side of flip-flop 140 in FIG. 11, thereby resetting
it. This provides ground on idle lead 76 and a negative
voltage on busy lead 99 thereby placing channel A com-
prising the main control logic and bit circuits for the
No. 1 terminal and the No. 1 terminal control logic and
bit circuits in the idle condition, as previously explained.

When the output of monopulser 446 in FIG. 20 re-
turns to ground, this is changed in the output of inverter
simulator 4085 into a negative voltage which is translated
in the output of monopulser simulator 4064 into a 5-
microsecond negative voltage pulse. This applied to the
set side of flip-flop 402f sets it whereupon the output of
the 1-side thereof provides ground which is applied to the
This ground is produced 5 micro-
seconds after flip-flop 149 in FIG. 11 is reset in the man-
ner just mentioned. Therefore, the main control logic
and bit circuit for the No. 1 terminal has been in the
idle condition for 5 microseconds when the flip-flop 4621
in FIG. 20 is reset. The ground in the output of the 1-
side of this flip-flop at the moment initiates the transfer
of a new simulated message from the main terminal to
the No. 1 terminal in the manner just explained. This
repetitive transfer of simulated messages from the main
terminal to the No. 1 terminal is automatically continued
with a 5-microsecond time interval provided between the
transfer of successively simulated messages, so long as
key 154b in FIG. 20 is locked in the operated position.

Termination of transfer of simulated regular messages
from main terminal to the No. 1 terminal

Termination of the transfer of simulated messages from
the main terminal to the No. 1 terminal is effected by
restoring key 1546 in FIG. 20 and key 405 in FIG. 26
to the idle positions. In such position, key 1545 opens
its associated contact 4004 to remove ground therefrom
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and thereby enable voltage divider 402 to apply negative
voltage to the inputs of gate 402a¢ and monopulser 402c
thereby placing ground and a 2-microsecond negative volt-
age pulse on leads 4926 and 154q, respectively. This ter-
mination may occur during the transfer of a simulated
message so that channel A 1s thereafter cleared by a
manual clear procedure as has been previously explained.

Simulated iest messages from No. 1 data terminal to
main data terminal

The transfer of test messages from the No. 1 terminal

to the main terminal is initiated by operating key 404c
in FIG. 26 to apply ground to one input of gate 404q
and by operating key 401 in FIG. 20. This gate is also
receiving at this time negative voltage via lead 193¢ from
the output of the 1-side of flip-flop 193 in FIG. 31 and
oround via lead 179a from the output of the 0-side of flip-
flop 179 in FIG. 31, both of which are lying in the reset
state at the moment. However, gate 404a does not
change its output which is ground at this time. Since the
outputs of message inverter simulator 406¢ and gate 402a
in FIG. 20 are ground, this is applied to leads 401c and
401d, respectively, but causes no action in the circuits to
which they are connected because such circuits do not
sense any difference between ground and the open circuit
before key 481 was operated. To start the transier of
the simulated test message, key 154) in FIG. 20 is oper-
ated to close its contact 4006 whereby ground volitage
from voltage divider 462 is supplied to the inputs of gate
402a and monopulser 482¢. This causes gate 402a to
provide in its output a negative voltage on leads 401d
and 4025 because the other two inputs to gate 402q are
ground at this time.
- As flipflop 402f in FIG. 20 is in the set state in re-
sponse to the reset state of flip-filop 140 1n FIG. 11 as
previously explained, the output of the 1-side of flip-flop
462f 1s ground. As negative voltage is on lead 402¢ from
the output of the reset flip-flop 140, this is changed in the
output of inverter 4024 in FIG. 20 to ground. This is
applied to the inputs of gate 402a and monopulser 402c¢
together with ground via closed contact 4005 of operated
key 154H. The two ground inputs to monopulser 482¢
do not change the ground in the output therecof. As three
grounds are now being applied to the inputs of gate 482a,
its output i1s changed to a negative voltage which is ap-
plied to leads 4025 and 401d, contact 401a being closed
in the latter lead. As was previously explained in regard
to the transfer of simulated regular messages, negative
voltage on lead 4025 activates monopulser 139 in FIG. 11
- to provide a 5-microsecond negative voltage pulse in the
output thereof. This pulse applied to the set side of flip-
flop 140, in FIG. 11, sets it whereby ground is provided
on 1dle lead 76 and negative voltage on busy lead 99, as
previously mentioned for the transfer of a stmulated regu-
Jar message.

Negative voltage on lead 401d applied to the input of
‘the 1-side of flip-flop 227 in FIG. 13 sets it while the
other lead 128% to the same input 1s an open circuit via
| 0pen relay contact 353r because channel A is now in the
off line condition. The output from the I-side of flip-
flop 227 1s ground which does not change the output of
monopulser 227a from ground effective on lead 2225.
The output from the 0-side of flip-flop 227 provides nega-
tive voltage which is changed in the output of inverter
226 to ground. This does not change the output of mono-
pulser 226¢ from ground effective on lead 3075. The
ground output from inverter 226 effective on lead 2255
is applied thereon to the input of gate 165 which is not
thereby activated to change its output at this time. This
is occasioned by the fact that the output of the 1-side of
flip-flop 216 in the reset state is supplying a negative
voltage to a second input of gate 165 in FIG. 14 and by
the further fact that ground is being supplied to a third
input from its associated voltage divider 165¢ via the
closed contact of unoperated acknowledge inhibit key
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165f. As a consequence, gate 165 provides no change in
its output of ground. |

The ground. output from inverter 226 on lead 2255 in
FIG. 13 1s also supplied to the input of gate 225 in FIG.
12 which does not change its output from ground for
the reason that the other input thereto from the output of
gate 222 1s negative voltage. The negative voltage ef-
fective on lead 223a from the output of the O-side of flip-
flop 227 in FIG. 13 1s applied via lead 223a to one input
of gate 306 in FIG. 14 which inhibits it to provide ground
on its output to output lead 306c¢ while flip-flop 227 in
FIG. 13 remains in the set state. The negative voltage
effective on lead 223q is also an input to reset gates 223,
223c¢, 223d and 223¢ in FIG. 12 for ensuring that ground
remains effective on the output leads 2235, 223f, 223¢
and 2234, so long as flip-flop 227 remains in the set
state. From this point on, the operation of channel A

will progress in the manner explained hereinbefore for

the transfer of a regular and a simulated regular message
until an acknowledgment is received via lead 213 in
FIG. 18 whereby a source of negative voltage is connected
to one end of the operating path of relay 220 whose op-
posite end is permanently connected to ground. This op-

‘erates relay 228 which opens its contact 220a in FIG. 12

to remove ground therefrom and to allow voltage divider
2205 to apply a negative voltage to the input of the set
stide of flip-flop 169 thereby setting it. The output of the
0-side of this flip-flop is a negative voltage which is trans-

lated by monopulser 221 into a 5-microsecond negative

voltage pulse. This activates gate 222 to produce in its
output a S-microsecond .ground which is applied to the

1nputs of reset gates 223, 223¢, 223d, and 223¢ but effects

1no change in the ground outputs thereof as just mentioned
because the inhibiting negative voltage is still effective on
the other input lead 2234 as previously stated.

The 5-microsecond ground in the output of gate 222
supplied to the input of igate 225 activates it to provide in
its output a S-microsecond negative voltage which is ap-
plied via lead 2254 to the set side of flip-flop 312 in FIG.
14 thereby setting it. At this time, ground is applied
to the other I-side input of flip-flop 312 via lead 4075
which is connected to the output of test receive inverter
407a whose input of negative voltage is obtained from
the output of test receive gate 407 because channel A is
not transmitting odd or even test messages in a manner
that will be subsequently explained, via lead 408e¢ from
FIG. 20 as hereinbefore mentioned regarding the initial
outputs of the simulator circuit of FIG. 20 in the idle
state, and an open circuit exists on lead 311 because relay
contact 311«a 1s open due to the fact that channel A is
off line at the moment. Flip-flop 312 in the set state pro-
vides in the output of its 1-side ground which serves to -
complete an operating path for relay 3124. This op-
erates to close its contact 312b in FIG. 17 and thereby
complete operating paths for relays 313 and 313a which
in turn operate to complete via closed contacts 313¢ and
313h operating paths for 20 relays 313g and 313 which
are thereupon operated to close the 120 contacts as-
sociated therewith for operating the 120 L1 through L1260
line relays to transmit 120 bits via the 120 leads 161a

- through 1614 in FIG. 16, in the manner previously ex-
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plained for the operation of the transfer of a regular
message.

When flip-flop 216 in FIG. 14 is set by the negative
voltage supplied to the input of its 1-side from voltage

- divider 264c as above mentioned, the output of its 1-
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side is ground which is applied to one input of gate 165,
whose other ground inputs are via lead 2255 and manual
acknowledgment key 165f which is not operated. These
three ground immputs activate gate 165 to provide on its
output lead 165d a negative voltage which trigeers mono-

‘pulser 233 in FIG. 13 to produce in its output a 5-micro-

second negative voltage pulse, and which also is supplied
to the reset side of flip-flop 215 in FIG. 12 thereby re-
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setting it. At this time ground is supplied to the set side
of this flip-flop because it is on lead 222« since channel
A. is not being cleared and on lead 231a because the in-
stant message i1s not being terminated. The 5-microsec-
ond negative voltage pulse in the output of monopulser
233 in FIG. 13 is applied to the input of gate 235 which
translates into a 5-microsecond ground pulse. This pulse
transmitted through cable driver 236 and closed relay
contact 237 to lead 188 provides an acknowledgment to
the interface in FIG. 6A, in the manner described herein-
before for a regular message. |

Flip-flop 215 in FIG. 12 in the reset state as just men-
tioned provides in the output of its 1-side a negative volt-
age which is supplied directly to the input of gate 232
and via lead 215q to gate 166 in FIG. 13. No change is
effected in the ground output of gate 166 which is also
receiving a negative voltage from voltage divider 1665
because relay 167 is in the released condition whereby its
associated contact 167a is to open for disconnecting
ground therefrom. Also, no change 1s produced in the
output of gate 232 1n FIG. 12 because negative voltage is
effective on lead 238® for the reason that since the instant
message is not being terminated, and ground is in the out-
put of monopulser 1645 whereby gate 164c¢ is not ac-
tivated but continues to supply negative on its output lead
230. This precludes any further activation of monopulser
233 in FIG. 13 at this time thereby preventing the trans-
massion of a second acknowledgement signal via lead
168 to the interface in FIG. 6 A at this time.

The 5-microsecond negative voltage provided in the
output of monopulser 233 as above meniioned is changed
to a S-microsecond ground pulse which is supplied to
monopulser 239 and via lead 2344 to the input of mono-
pulser 486 i FIG. 20 but efiects no changes in the out-
puts of the respectively last-mentioned monopulsers. The
S5-miicroseconds negative voltage provided by monopulser
233 causes no change in the output of gate 235 m FIG.
13 because it is inhibited by a negative voltage effective
on lead 351c¢. This voltage is taken from the output of in-
verter 351a in F1G. 19 whose input is activated by ground
associated with contact 358f of relay 3504 in ¥FIG. 19
which is operated because channel A is in the off line
condition at this time. At the tenmination of the 5-micro-
second negative voltage pulse produced by monopulser
233 in FIG. 13, the output thereof returns to ground,
the output of inverter 234 returns 1o a negative voltage
for 5-microseconds, and the output of monopulser 239
effects no change in the condition of the system. The
latter 1s so for the reason that flip-flops 217 and 3464 1n
FIGS. 13 and 21, respectively, are in a reset state at this
time, although the output of monopulser 239 is currently
providing a negative voltage that could otherwise effect
the reset of both latter flip-flops.

'The negative voliage effective on lead 2344 activates
monopilser 406 in FIG. 20 to provide in its output a
5-microsecond negative voltage pulse which is applied to
the reset side of flip-flop 402f thereby resetting it. Later,
upon the expiration of 5 microseconds, the output of
monopulser 486 returns to ground which is changed in
the output of inverter 4065 into a negative voltage pulse
which is applied to monopulser 4064 producing a 5-
microsecond negative voltage pulse to the set side of flip-
flop 402f thereby setting it. Ground in the output of
the 1-side of this flip-flop is now applied to the input of
gate 402a, together with a negative voltage from the
output of inverter 4024 because ground, on lead 402¢
from: the output of the 1-side of flip-flop 146 in FIG. 11
now resting in the reset state, is applied to the input of
inverter 402d. This ground and negative voltage applied
concurrently to the input of gate 4824 effect no change
in the output thereof.

‘When the output of monopulser 406 is a negative volt-
age pulse for 5 microseconds as above mentioned, this
pulse is changed to a S-microsecond ground pulse in the
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output of inverter 406b5. This pulse is changed in the
output of inverter 406e¢ into a S-microsecond negative
voltage pulse which is applied via closed key contact
40150 and lead 4€1c to the reset side of flip-flop 227 1n
FIG. 13 thereby resetting it. This is so for the reason
that, at this time, the other inputs to the reset side of
flip-flop 227 are an open circuit via open relay contact
353s because channel A is in the off line condition and
ground is on lead 222a because channel A is not being
cleared; and ground is also on lead 401id to set side of
the flip-flop via closed key contact 401a from the output
of gate 482a. The output of the 1-side of flip-flop 227 in
the reset state is a negative voltage which is changed to
a S-microsecond negative voltage pulse in the output of
monopulser 227a. This pulse applied on lead 2225 to
the input of gate 222 in FIG. 12 is thereby translated in
the output thereof into a 5-microsecond ground pulse
which is applied to the input of gate 225 but effects no
change in the output thereof, This 1s so because an
inhibiting negative voltage is also being applied via lead
225b from the output of inverter 226 in FIG. 13 whose
input is ground from the output of the O-side of flip-flop
227 resting in the reset state at this time.

The 5-microsecond ground pulse in the output of gate
222 in FIG. 12 as just mentioned 1s applied, together
with ground on lead 2234, to the input of reset gates 223,
223c, 2234 and 223e. The output of gate 223 provides
a negative voltage on lead 2235 to the reset side of flip-
flop 154 thereby resetting it. As channel A is not being
cleared at this time, ground is on lead 222z which con-
stitutes the other input to the reset side of flip-flop 154
at this time. Since, as above mentioned, flip-flop 227 in
FIG. 13 is in the reset state, the output of its O-side is
ground which is changed in the output of inverter 226
into a negative voltage. This is translated in the output

of monopulser 226¢ into a S5-microsecond negative volt-

age pulse which is supplied on lead 3075 to the reset side
of flip-flop 312 thereby resetting it. At this time, the
reset side of this flip-flop is also receiving ground on lead
222a because channel A is not being cleared and on lead
387a from the ouiput of inverter 307 for the reason that
a message transfer from the No. 1 terminal fo the main
terminal is not in progress at the moment. In the reset
state, flip-flop 312 removes ground from the operating
path of relay 3124 which releases to open 1fs contact
312b in FIG. 17 thereby removing ground from the oper-
ating paths of relays 313 and 3134. These relays release
to open their contacts 313e and 3132 to interrupt the
previously traced operating paths for relays 313f, 313g
and 313m. Relays 3132 and 313m release to open their
associated 120 contacts 313n through 313s to inferrupt
the previocusly defined operating paths for the 120 L1
through L1298 line relays 321 through 321c, as above
identified in FIG. 16, which release to open their asso-
ciated 120 contacts 313v and to close their associated
120 contacts 313w, as above identified in FIG. 10, for
restoring the 120 outgoing lines 313x to the idle state.
When flip-flop 140 in FIG. 11 is activated to the reset
state in the manner hereinbefore explained, the negative
voltage at the output of its 1-side is applied on lead 402¢
to the input of inverter 4924 in FIG. 20 which is thereby
activated to provide ground in its output. This ground,
together with ground from the 1-side ouiput of flip-flop
402f and ground via closed contact of 4005 of operated
key 154b, is applied to the input of gate 4624, which is
thereby activated to supply negative voltage to outgoing
leads 401d and 4925 for effecting another simulated test
message in the direction from the main terminal to the No.
1 terminal. These simulated messages are repetitively
continued so long as keys 154b and 4031 are operated.
Obviously, the messages are discontinued by returning
these keys to the idle position. The system may then be
restored to normal by the manual clear procedure which
is later discussed.
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Simulated discard messages from No. 1 data terminal
to main data terminal

Referring to FIG. 26, a simulated discard message in
this direction is achieved by operating key 405e to the
discard position for completing a path to lead 208 and
also by operating key 405 in FIG. 26 and key 154) in
FIG. 20. The operation of key 405 applies ground to
the inputs of gates 4055 and 465¢ and monopulser 4054.
Since flip-flop 409¢ is in the reset condition, the -output
of its O-side is ground. These two inputs of ground
activate gate 465p to produce in its output a negative
voltage on lead 251a to the set side of flip-flop 251 in
FIG. 29 thereby setting it. Since channel A is off line
whereby relay contact 250« is open, no signal is present
on lead 250 to the other input of the set side of flip-flop
251 at the moment. From this point on, the operation
of channel A for the discard message is identical with
that of its operation for the transfer of a regular mes-
sage from the No. 1 terminal to the main terminal as
hereinbefore explained until gate 276 in FIG. 29 pro-
vides a negative voltage which is supplied on its output
lead 184a to the set sides of flip-flops 184, in FIG. 31,
and 278, in FIG. 28, thereby setting them. These flip-
flops function thereafter in the manner explained previ-
ously for the last-mentioned transfer of a regular
message.

In addition, the negative voltage effective on lead 184a
from the output of gate 276 in FIG. 29 is supplied on
Jead 184a to simulator monopulser 409 in FIG. 26, which
is thereby triggered to provide in its output a 5-microsec-
ond negative voltage pulse. This is changed in the out-
put of simulator inverter 4094 to a S-microsecond ground
pulse. Upon the expiration of 5 microseconds, the out-

put of inverter 409a reverts to a negative voltage. This

negative voltage output of inverter 409a triggers simula-
tor monopulser 4095 to produce in its output a S-micro-
second negative voltage pulse. This pulse applied to the
set side of have message simulator flip-flop 409c sets it
whereupon the output of its 0-side provides a negative
voltage that is applied to the input of gate 405b. As
the inputs to this gate are now receiving a negative volt-
age and ground, the gate output produces ground on
output lead 251a thereby removing the setting negative
voltage from the input of the 1-side of flip-flop 251 in
FIG. 29.

In the set state, the output of the 1-side of flip-flop
409¢ provides ground which is applied to one input of
gate 405¢ whose other input is receiving ground via op-
erated key 405. As a consequence of such two input
grounds, the output of gate 405¢ provides a negative
voltage which is applied on lead 4094 to the set side of
flip-flop 277 in FIG. 29 thereby setting it. -From this
point on, the operation of channel A is identical with
that involved for the transfer of a regular message from
the No. 1 terminal to the main terminal as hereinbefore
mentioned until flip-flop 273 is set. At this time, the
output of the 1-side of flip-flop 273 in FIG. 29 is ground
while the output of its O-side is a negative voltage. ¥From
here on, this ground and negative voltage activate gate
297 and flip-flop 186 and gate 272, respectively, in the
manner occasioned by the transfer of a regular message
from the No. 1 terminal to the main terminal, as here-
inbefore described.

The ground in the output of the 1-side of flip-flop 273
is also applied via lead 273a, together with ground on
lead 28656 in FIG. 30, to the input of OK AND-NOT
cate simulator 410 in FIG. 26. This gate is thereby acti-
vated to provide in its output a negative voltage which is
supplied as one input to monopulser 4054. Ground is
on leads 286a and 2865 because flip-flop 285 in FIG. 28,
resting in the set state, provides on lead 285b in the
output of its O-side a negative voltage which is applied
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voltage to gate 286 stimulates it to provide the gfound
on its output leads 286a and 2865b as just mentioned.
The aforenoted two ground inputs activate gate 410
in FIG. 26 to provide in its output a negative voltage

‘which is translated into a 2-microsecond negative volt-
‘age pulse effective via closed contact 4057 and lead 203

in the output of monopulser 4054 whose other inputs are
sround from the output of the 1-side of flip-flop 409c
resting in the set state and from operated key 403.

The 2-microsecond negative voltage pulse effective on
lead 208 is applied to the reset side of flip-flop 184 1n
FIG. 31 thereby resetting it and to the input of gate 316
in FIG. 30. As the other two inputs to gate 316 are
ground at this time, it provides ground in its oufput.
One of the above-mentioned inputs to gate 316 via lead
206a is no signal or effectively ground because relay con-
tact 2065 is open to hold channel A in the off line condi-
tion while the other input to this gate is ground via lead
2904 and normally closed contact 2900 of unoperated
relay 290 in FIG. 26. Ground in the output of gate 316 is
applied to the input of gate 298 whose other input 1is
also ground via closed relay contact 280p of operated
relay 280 in FIG. 23. These two inputs of ground acti-
vate gate 296 to produce in its output a negative voltage
which is supplied to the set side of flip-flop 317 thereby
setting it. The output of the 1-side of this flip-flop sup-
plies ground to complete the operating path of relay 317a
which is thereby operated. From this point on, the re-
setting of channel A functions in the manner for the
transfer of a regular message from the No. 1 terminal to
the main terminal as previously explained.

Negative voltage from the output of gate 296 in FIG.
30 is supplied on lead 296a to the reset side of flip-flop
278 in FIG. 28 thereby resetting it. At this time flip-
flop 184 in FIG. 31 and flip-flop 278 in FIG. 28 are
activated to the reset state. Flip-flop 184 functions in
the reset state to release relay 187 in FIG. 31 and relays
188, 1885h, 175, 189 and 1884 in FIG. 24 for opening
their associated contacts, thereby effectively disconnecting
the 120 L1 through L120 line relays 191 through 191c
from the 120 pairs of associated outgoing lines 161a and
1615 through 161g and 161% as above identified; and
fiip-flop 278 functions in the reset state to release relays
278b in FIG. 28 and relays 27%a, 279m, 280, 2804, the
intermediate relays, and relay 280x in FIG. 23 for open-
ing their associated 120 pairs of contacts 28¢5 and 280c¢
through 2804 and 286 in FIG. 23 as above identified
thereby effectively interrupting the operating paths for
the 120 line relays just mentioned, in the manner de-
scribed above for the transfer of a regular message from
the No. 1 terminal fo the main terminal.

When the resetting of the No. 1 terminal control of
channel A has progressed to the point at which flip-
flop 285 in FIG. 28 is activated to the reset state, the
output of its O-side supplies ground on lead 285b to a
first input of gate 286 in FIG. 30 whose second input
is receiving ground via lead 186a from the output of
simulator inverter 1865 in FIG. 29 connected to . the
output of the 1-side of flip-flop 186 now resting in the

teset state and whose third input is receiving ground on
lead 381 from the output of monopulser 380z in FIG. 25.
- These three inputs to gate 286 activate it to produce in

its output a negative voltage which is applied on lead 2865
to the reset side of flip-fiop 409¢ in FIG. 26 thereby re-
setting it. The output of the 1-side of this flip-flop sup-
plies a negative voltage to the input of monopulser 4054.
As contacts Z280m in FIG. 29 and contact 280p in FIG.
30 of released relay 280 in FIG. 23 are opened, associated
voltage divider 317e supplies a negative voltage to in-
hibit gate 296. This precludes the output of gate 316

activated by the output of monopulser 4054 via its lead

208 in FIG. 26 from further influencing the output. of
gate 296 at this time.

The output of the 1-side of flip-flop 469¢ in FIG. 26

to one input of gate 286 in FIG. 30. Negative input 75 in the reset state provides a negative voltage to the
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input of gate 405¢ whose other input is receiving ground
via operated key 405 whereby the gate is caused to pro-
duce ground in its output. This removes from lead 4094
the negative voltage which was heretofore utilized to
“activate flip-flop 277 in FIG. 29 to the set state. After
an elapse of 5 microseconds, a negative voltage in the
output of gate 3204 in FIG. 28 is applied on lead 3207
to the reset side of flip-flop 277 in FIG. 29 thereby re-
setting it. Also, the negative voltage effective in the
outputs of inverters 320d, 320¢, 320; and 320 on leads
3207, 320g, 320/ and 328n in FIG. 28 reset data register
flip-flops DR1 through DR120 in FIG. 27 and thereby
return their associated relays to the unoperated condi-
tion, and the negative voltage effective on leads 32¢h
and 320p from the output of inverter 320i is applied to
the input of the O-side of flip-flop 184 thereby resetting
it for restoring the No. 1 terminal of channel A to the
idle state, in the manner mentioned previously in con-
nection with the transfer of a normal message from the
No. 1 terminal to the main terminal. In the reset state,
ground 1n the output of the O-side of flip-flop 409c¢ in
F1G. 26 1s supplied to the input of gate 4055 together
with ground via operated key 405, whereby this gate is
activated to provide a negative voltage in its cutput for
automatically commencing the transfer of another simu-
lated discard message from the No. 1 terminal to the
main terminal, in the manner above explained. The
transfer of such messages continues automatically until
either key 404c or 405¢ in FIG. 26, or both, or key 1545
in FIG. 20, is released to the idle position whereupon the
transfer 1s terminated. As such termination may occur
during the transfer of a given discard message, the main
and No. 1 terminals of channel A are returned to idle
state in a manner that is subsequently explained.

Simulated regular messages from No. 1 data terminal
| to main data terminal

Key 405e in FIG. 26 is actuated to the transmit posi-
tion thereby closing contact 4657 for completing an elec-
trical path to outgoing lead 405¢. In addition key 405
in FIG. 26 and key 400 in FIG. 20 are also actuated to
the operated positions. The operation of channel A and
the message simulator of FIG. 26 for the transfer of a
regular message from the No. 1 terminal to the main
terminal is identical with that for the transfer of a dis-
card message in the same direction as previously de-
scribed, until monopulser 4054 is activated to produce a
2-microsecond negative voltage on its output lead 405¢.
- This is applied as one input to gate 301 in FIG. 30
whose remaining two inputs are effectively ground via
- open contacts 3G0e and 3004 because the No. 1 termi-
nal control of channel A is in the off line state. From
the output of gate 301, the operation of channel A is
the same as that for the transfer of a regular message
via transmit contact 405f in FIG. 26 from the No. 1
terminal to the main terminal as previously described,
until the transfer of the simulated message reaches the
point at which a negative voltage is produced in the out-
put of gate 305 in FIG. 14.

A first portion of this negative voltage applied via
inverter 309 and cable driver 310 to open relay contact
310a is ineffective to stimulate further action in channel

A because the main control terminal of channel A is in
~ the off line state at the moment. However, a second
portion of this negative voltage is applied on lead 3055
to the input of the set side of flip-flop 4004 in FIG. 20
thereby setting it. The negative voltage resulting in the
output of the 0-side of this flip-flop is applied on lead
400¢ to the input of the I-side of flip-flop 312 in FIG.
14. thereby setting it. Thereafter, the operation of the
main control terminal of channel A in FIG. 14 is identi-
- cal with that involving the transfer of a regular message
i channel A, until a negative voltage is provided in the

output of the 0-side of flip-flop 216 in FIG. 14 which is
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now activated to the set state. Again, a first portion of
this negative voltage effects the operation of the main
control terminal of channel A in the manner just men-
tioned to the point at which a second portion of the
negative voltage provided in the 0O-side output of flip-
flop 216 and effective on lead 2164 triggers monopulser
2166 in FIG. 20 to produce a S-microsecond voltage
pulse in its output. This pulse together with ground
supplied via closed contact 400a of operated key 4090
activates gate 408f to produce in its output a ground
which has no effect on the output of monopulser 400¢
whose output remains ground. When this pulse termi-
nates, the output of monopulser 48¢g provides a 5-micro-
second negative voltage pulse which is applied to the
reset side of flip-flop 4904 thereby resetting it.

At the same time, the negative voltage pulse effective
on lead 4004 in the output of monopulser 4900¢ is ap-
plied to the set side of flip-flop 266 in FIG. 15 there-
by setting it. Ground from the output of the 1-side of
this flip-flop in the set state is changed in the output of
inverter 307 into a megative voltage which is applied on
lead 3974 to one input of gate 305 in FIG. 14 thereby
changing the output thereof to ground. This ground on
lead 3055 is translated by inverter 305z into a negative
voltage which is applied to the reset side of flip-flop 216
thereby resetting it. This provides on lead 2164 ground
which will allow monopulser 216 in FIG. 20 io trigger
again during the next cycle. However, as was previ-
ously mentioned, monopulser 2166 produced a S-micro-
second negative voltage signal which has returned to a
ground condition. This ground along with ground from
closed contact 4094 produces in the output of gate 4607
a negative voltage which is applied via monopulser 4002
to the reset side of flip-flop 4604. After this negative
voltage pulse terminates, then ground replaces the re-
setting voltage from the 0-side of flip-flop 4604 in FIG.
20, Flipflop 400d, activated to the reset state in the
manner just mentioned, provides ground on its output
lead 400e¢ thereby removing the setting negative voltage
from the input of the 1-side of flip-flop 312 in FIG. 14.
The 5-microsecond delay provided by monopulser 2160,
gate 400f and monopulser 40802 ensures that the time
duration of the input to monopulser 2165 is effectively
longer than the necessary minimum time duration for the
reason that if the S-microsecond time delay were not
provided, the negative voltage input to monopulser 2165
would be an extremely short pulse and the output there-
of might not endure for S-microseconds.

The operation of the main and No. 1 terminal controls
of channel A proceeds from the setting of flip-flop 266 in
FIG. 15 as just mentioned in the manner of the transfer
of a regular message from the No. 1 terminal control to
the main terminal contro] as previously described until
tlip-flop 285 of the No. 1 control terminal in FIG. 28 is
reset whereby a ground is provided in the output of its
O-side as hereinbefore explained. This ground on lead
235b activates gate 286 in FIG. 30 to produce in its out-
put a negative voltage which is applied vig lead 2865 to
the reset side of flip-flop 462¢ in FIG. 26 thereby resetting
it. Again the No. 1 terminal control simulator in FIG. 26,
and the main and No, 1 termina] controls, operate in the
manner previcusly explained for the transfer of a discard
message. ‘The simulated regular messages from the No. 1
data terminal to the main data terminal are continued
until key 485 or 405¢ in FIG. 26 or key 499 in FIG. 20 is
operated to the idle state. As the termination of the
transfer of the simulated message may be instituted while
such transfer is in progress, it is necessary to clear the main

and No. 1 terminal controls on a manual basis that is
hereinafter described.

Manual data bit test circuir

It is necessary to establish from time fo time, as de-
sired, that the circuits constituting channel A are in an
operative condition. This is achieved by the use of equip-



3,288,919

77

ment at either the main or No. 1 terminal control for
transmitting messages therefrom having either an odd or
an even number of “1” bits in a given message In a manner
that is now explained. To check the operativeness of the
odd numbered data circuits transmitting bits from the No.
1 data terminal to the main data terminal, test odd key
‘414 at the main terminal control in FIG. 17 is operated to
supply ground and a source of negative voltage via closed
contacts 414e and 4144 and leads 414f and 414¢ in FIG.
17 and via closed contact 415a of unoperated test odd key
‘415 in FIG. 24 to the operating winding of relay 4155
‘which is thereupon operated.
~At'the same time, contact 414a of operated key 414 in

FIG. 17 is opened thereby enabling voltage divider 4145

to apply a negative voltage to lead 414c. This voltage 1s
supplied to the input of test receive gate 407 in FIG. 14
‘which is also receiving ground on lead 416g at this time.
This negative voltage is changed in the output of gate 407
to ground which is translated in the output inverter 407a
'to a negative voltage effective on its output lead 4075b.
‘This voltage is applied to the set side of flip-flop 312 there-
by setting it. In the set state this flip-flop supplies ground
to complete the operating paths of relay 3124 in FIG. 14
-and relays 313, 3134, 313/, 313g and 313m in FIG. 17,
“all of which operate in sequence to close all 120 associated
relay contacts 313»n through 313s (1, 3,5 . . . 119, 120)
in FIG. 16 thereby completing all 120 pairs of receiving
leads 161a and 1615 through 161g and 1614 (4,2,3 . . .
119, 120), as above mentioned extending from the main
data terminal control to-the No. 1 data terminal control,
in the manner hereinbefore explained.

The operation of relay 4155 in FIG. 24 as just men-
tioned opens its associated contact 415¢ in FIG. 28 thereby
connecting source 415; of negative voltage to lead 4154.
This negative voltage, together with ground via closed
relay contact 417aq, activates NOT-OR test transmit gate
~418e to produce in its output ground which is changed in
the output of test transmit inverter 415f into a negafive
voltage which .is applied to the set side of flip-flop 278
“thereby setting it. Now, the output of the 1-side of this
“flip-flop provides ground which completes the operating
~path for relays 2780 in FIG. 28 and relays 27%9q, 279m,
280, 2804, the intermediate relays and relays 280n (1,
2 .. .39 40) in FIG. 23 to close eventually all 120 pairs
of contacts 2805 and 280c through 280/ and 288 (1,
2 .. .119,  120) as above described. This completes the
120 pairs of leads 1614 and 1615 through 161g and 1614
(1,2 .. .119, 120) in the manner previously explained.
The negative voltage effective on lead 4154 in FIG. 238 as
-just mentioned is also applied to the inputs of the 60 odd
numbered DR1 through DR119 data registers (DRI,
"DRS3 . . .DR119) of the 120 DR1 through DR 12§ data
registers (DR1, DR2 . . . DR119, DR12§) in FIG. 27
- thereby setting them. This operates the 60 associated odd

numbered data register relays in the group comprising

- relays 293 through 293¢ (1, 3,5 . . . 117, 119) of the 120
data register relays (1,2, 3 . . . 119, 120) whereby their
60 . associated contacts 2934 through 293¢ (1, 3,5 . . .
119) identified hereinbefore in FIG. 23 are closed, in the
~manner previously explained. This completes the data
circuits to the 60 odd numbered L1 through L1192 line
relays (1, 3,5 . . . 119) in the group of 120 line relays in
FIGS. 16. All of the 60 odd numbered relays (1, 3,
5 . . .119) operate to open their 60 associated contacts
313w through 3194 (1, 3,5 . . . 119) in FIG. 10 thereby
- effectively applying negative voltage via the 60 odd num-
“bered leads (1,3, 5 . . .119) in the range 319¢ through
- 319/ to the 60 odd numbered data tubes DS1, DS3,
DSS . .. DS119 of the 120 data tubes DS1 through
DS120 associated with the 60 odd numbered Iines 313x
through 31% (1,3,5 . . .119). The negative voltage on
the 60 odd numbered leads extinguishes the respective
tubes. |
To check the operativeness of the 60 even numbered
- data circuits transmitting from the No. 1 data termina] to
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the main data terminal, test even key 416 in FIG. 17 1s
operated to supply ground and a source of negative voltage
via closed contacts 416a and 4165 and leads 416¢ and 4164
and via closed contact 418a of unoperated key 418 in FIG.
24 to the operating winding of relay 417 which is there-
upon operated. At the same time, contact 416e of oper-
ated key 416 in FIG. 17 is opened thereby permitting
voltage divider 416f to apply a negative voltage to lead
4162. This voltage is supplied to the input of gate 407
in FIG. 14 which is also receiving ground on lead 414c at
this time. This negative voltage is changed in the output
of gate 407 to ground which is translated in the output of

inverter 4074 to-a negative voltage efiective on its output

lead 4€7h. This voltage is applied to the set side of ilip-

flop 312 thereby setting it. In the set state, this flip-flop

supplies ground to complete paths of relay 3124 in F1G. 14
and relays 313, 3134, 3137, 313g and 313m in FIG. 17, all
of which operate in sequence to close all 120 associated

relay contacts 313#n through 313s (1, 2,3 . . . 119,120)

in FIG. 16 thereby completing all 120 pairs of receiving
lead 161a and 161b through 161g and 1614 (1,2,3 . . .
119, 120) as above mentioned extending from the main
data terminal control to the No. 1 data terminal control, in
the manner hereinbefore explained.

The operation of relay 417 in FIG. 24 as just men-
tioned opens its associated contact 417« in FIG. 28 there-
by connecting source 417b-of negative voltage to lead
417c. This negative voltage, together with ground via
closed relay contact 415c, activates gate 415e¢ to produce
in its output ground which is changed in the output of
inverter 415f into a negative voltage which 1s applied to
the set side of flip-flop 278 thereby setting it. Now, the
output of the 1-side of this flip-flop provides ground which
completes the operating paths for relay 2785 in FIG. 28
and relays 27%a, 279m, 289, 280a, the intermediate relays
and relays 280n (1, 2 . . . 39, 40) in FIG. 23 to close
eventually all 120 pairs of contacts 2805 and 289c through
2804 and 280i (1, 2. .. 119, 120), as above described.
This completes the 120 pairs of leads 161a and 161b
through 161g and 1614, In the -manner previously

explained. |

The negative voltage effective on lead 417¢ in FIG. 238
as just mentioned is also applied to the inputs of the 60
even numbered DR2 through DR120 data registers (IDR2,
DR4 . . . DR128) of the 120 DR1 through DR129 data
registers (DR1, DR2 . . . DR119, DR126) in FiG. 27
thereby setting them. This operates the 60 associated
even numbered: data register relays 293 through 29%3c (2,
4, 6. . .120) of the 120 data register relays (1,2,3 . . .
119, 128) whereby their 60 associated contacts (2, 4,
6. . .120) identified hereinbefore in FIG. 23 are closed,
in the manner previously explained. This completes the
data circuits to the 60 even numbered L2 through L1120
line relays (2, 4, 6 . . . 120) in the group of 120 line
relays in FIG. 16. All of the 60 even numbered relays
(2, 4, 6 . . . 120) operate to open their 60 associated
contacts 319 through 319¢ (2,4, 6. . . 129) thereby eflec-
tively applying negative voltage via the 60 even numbered
leads (2, 4, 6 . . . 120) in the range from lead 319k
through 319% in FIG. 10 to the 60 even numbered data
tubes DS2, DS4,.DS6 . . . DS120 of the 120 data tubes
DS1 through DS12¢ associated with the 60 even num-
bered lines 3194 through 3197 (2,4, 6 . . . 120). The
negative voltage on the even numbered leads extinguishes
the respective tubes in the manner above mentioned re-
garding the corresponding data tubes in FIG. 28 thereby
indicating at the main terminal control that all even num-
bered circuits are operative. A failure of one or more of
such even numbered tubes 10 extinguish serves to indicate
the corresponding data signaling circuit is- inoperative.
The data signaling circuits are thereafter restored to

- normal by the activation of the manual clear key 385 in

FIG. 17. -

To check the operativeness of the odd numbered data
circuits transmitting bits from the main data terminal to
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the No. 1 data terminal, test odd key 415 in FIG. 24 is
operated to open its contact 4154 and close its associated
contacts 415g and 4154, Closure of contacts 415¢ and
4157 supplies ground and a source of negative voltage
- via leads 414f and 414g and closed contact 4144 of un-
operated key 414 in FIG. 17 to the operating path of
relay 154n which is thereby operated to open its contact
414/ in FIG. 10. This enables voltage divider 414k to
apply a negative voltage to one input of NOT-OR gate
154k« which is also receiving ground via closed relay con-
tact 414m. This gate is thereby activated to provide in
its output ground which is changed in the cutput of in-
verter 154p to a negative voltage effective on lead 154f.
This negative voltage is applied to the set side of flip-
flop 154 thereby setting it. Now, the 1-side output of
this flip-flop provides ground which completes the oper-
ating paths for relay 155 in FIG. 10 and relays 156, 156n,
157, 157c, the intermediate relays, and relays 157n in
FIG. 16 to close the 120 pairs of associated relay con-
tacts 138¢ and 1585 through 158g and 1584 (1,2. . . 113,
129) in FIG. 16 thereby completing all 120 pairs of asso-
ciated receiving leads 161a and 1615 through 161g and
1617 (1, 2 . .. 119, 129) as above identified extending
from the main data terminal control to the No. 1 data
terminal control, in the manner previously described.

The negative voltage on lead 154f in FIG. 10 is also
supplied to the set side of flip-flop 170 in FIG. 11 thereby
setting it. In the set state, the output of the 1-side of
his flip-flop supplies ground to the operating path of relay
171 which is thereby operated to close its associated con-
tact 1714 in FIG, 19. This completes an operating path
via lead 1715 for relay 172 in FIG. 26. This relay oper-
ates to close its associated contact 1726 in FIG. 31 fo
supply ground to one input of gate 182 whose other in-
puts on leads 1824 and 381 are ground for reasons previ-
ously mentioned. As a consequence of its three ground
inputs as just mentioned, gate 182 provides in its output
a negafive voltage which is applied to the set side of flip-
flop 184 thereby setting it. In the set state, this flip-
flop supplies ground to complete the operating paths for
relay 187 in FIG. 31 and relays 188, 1885, 175, 189 and
1884 (1, 2 . .. 26) in FIG. 24, all of which operate.
Eventually the 120 contacts 190 through 191c (1, 2. . .
119, 126) in FIG. 23 as above identified are closed to
establish 120 complete operating paths via the 120 pairs
of leads 161« and 1615 through 161g and 1614 (1,2...
119, 120) of the 120 L1 through L1260 line relays 191
through 191¢ (1, 2. . . 119, 120) as above identified at
the No. 1 terminal control in FIG. 23. Now this com-
pletes the 120 pairs of leads 161 and 1615 through 16ig
and 1614 (1,2. . . 119, 120) in FIG. 23, in the manner
hereinbefore explained.

The negative voltage effective on lead 1544 in FIG. 10
is also applied to the inputs of 60 odd numbered data
registers DR1 through DR119 (DR1, DR3 . . . DR119)
of the 120 data registers DR1 through DR120 in FIG. 9
thereby setting them. This operates the 60 associated
odd numbered data register relays (1, 3, 5. .. 119) in
the group comprising relays 153 through 153¢ constituting
the 120 data register relays to close their 60 associated
contacts 1534 through 1534 (1,3, 5. . . 119) in FIG. 16
as above identified, in the manner previously discussed.
This completes the data circuits to the 60 odd numbered
L1 through 1.119 line relays (1, 3, 5 . . . 117, 119) in
the group of 120 line relays L1 through 1.120 (1,2...
128) in FIG. 16. All of the 60 odd numbered relays
(1, 3, 5. .. 119) in the range L1 through 1119 are
operated to open their 60 associated contacts 191e through
1917 (1, 3,5 ... 117, 119) in FIG. 28 thereby effec-
tively applying negative voltage from. the associated
sources of such voltage via the 60 odd numberad leads
1915 through 191k (1, 3, 5. . . 119) to the grids of the
60 odd numbered data signaling tubes DS1, DS3, DS5
. . . DS117, DS119 associated with the 60 odd numbered

pairs (1, 3, 5. . . 119) included in the 120 pairs com-
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prising 192a and 192b through 192¢ and 1924. Ag the
grids of these 60 odd numbered tubes were normally.sup-
plied with ground via the 60 odd numbered closed con-
tacts in the group comprising contacts 191e through 1914
(1, 3, 5. . . 119) to permit their ilumination, the nega-
tive voltage substituted for such ground at.the respective
odd numbered tubes in the manner just mentioned extin-
guishes them thereby indicating at the No. 1 terminal
control that all odd numbered data circuits are operative.
A failure of one or more of the odd numbered tubes to
extinguish serves to indicate the corresponding data cir-
cuit is inoperative. The data circuits are thereafter re-
stored to normal by the actuation of manual clear key
385 in FIG. 17, as previously explained. A failure of
one or more of such odd numbered tubes to extinguish
serves to indicate the corresponding data circuit is inoper-
ative. The data circuits are thereafter restored to normal
by actuation of the manual clear key 385 in FIG. 17.

To check the operativeness of the even numbered data
circuits transmitting bits from the main data termina] to
the No. 1 data terminal, test even key 418 in FIG. 24 is
operated to supply ground and a source of negative volt-
age via its associated closed contacts 4185 and 418¢ and
leads 416c and 4164 and via closed contact 416¢ of un- |
operated key 416 in FIG. 17 to the operating winding of
relay 154m which is thereupon operated io open its con-
tact 414m in FIG.10. This enables voltage divider 414n
to apply a negative voltage to one input of gate 154k
which is also receiving ground via closed relay contact
414i. This gate is thereby activated to provide in its
ouiput ground which is changed in the output of inverter
154p to a negative voltage effective on lead 154f, This
voltage is applied to the set side of fiip-flop 154 thereby
setting it. Now, the I-side output of this fitp-flop pro-
vides ground which completes the operating paths for
relay 155 in FIG. 10 and relays 156, 156», 157, 157c,
the intermediate relays, and relays 157x in FIG. 16 to
close the 120 pairs of associated relay contacts ‘1584 and
158b through 158¢ and 1584 (1,2. . . 119, 120) in FIG.
16 thereby completing all 120 pairs of associated receiv-
ing leads 161a and 161b through 161g and 1614 (1, 2
. - . 119, 120) as above identified extending from - the
main data terminal control to the No. 1 data termiral
control, in the manner previously described.

The negative voltage on lead 154f in FIG. 10 supplied
to the input of flip-flop 170 in FIG. 11 serves to com-
plete the operating paths via the 120 pairs of leads 161«
and 1615 through 161g and 1614 (1, 2 ... 119, 120)
of the 120 L1 through L1120 line relays 191 through
1%1c (1,2 ... 119, 120) as above identified at the No.
1 terminal control in FIG. 23. Now, this completes the
120 pairs of leads 16i¢ and 1615 through 161g and
1612 (1, 2 . .. 119, 120), in the manner hereinbefore
explained for using the negative voltage on lead 154f
to check the operativeness of the odd numbered data cir-
Cuits transmitting bits from the main data terminal to
the No. 1 data terminal. The negative voltage effective
on lead 154/ in FIG. 10 is applied to the inputs of 60
¢ven numbered data registers DR2 through DR120
(DR2, DR4 . . . DR118, DR128) of the 120 data reg-
isters DR1 through DR120 in FIG. 9 thereby setting
them. This operates the 60 associated even numbered
data register relays (2, 4, 6 . . . 118, 120) in the group
of relays comprising relays 153 through 153¢ constitut-
ing the 120 data register relays to close their associated
contacts in the range comprising contacts 153q through
133h (2,4, 6 .. . 118, 120) as above identified, in the
manner previously discussed. This completes the data
circuits to the 60 even numbered L2 through 1.120 line
relays (2, 4,6 . . . 120) in the group of 120 line relays
L1 through L1206 (1,2 . . . 120) in FIG. 23. All of the
60 even numbered relays (2, 4, 6 . . . 120) in the range
L2 through L1208 are operated to open their 60 associated
contacts 1%1g through 191f (2, 4, 6 . . . 120) in FIG.

28 thereby effectively applying negative voltage from the
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assoclated sources of such voltage via the even numbered
leads 191/ through 1%1m (2, 4, 6 . . . 120) to the
erids of the 60 even numbered data signaling tubes DS2,
DS4, DS . . . DS118, DS12¢ associated with the 60
even numbered pairs (2, 4, 6 . . . 120) included in the
120 pairs comprising 1924 and 1925 through 192¢ and
1924, As the grids of these 60 even numbered tubes
were normally supplied with ground via the 60 even
numbered closed contacts 191g through 1917 (2, 4,6 . . .
126) to permit their illumination, the negative voltage
substituted for such ground at the respective even num-
bered tubes in the manner just mentioned extinguishes
them thereby indicating at the No. 1 terminal control
that all even numbered data circuits are operative. A
failure of one or more even numbered tubes {o extinguish
serves to indicate the corresponding data circuit is in-
operative. The data circuits are thereafter restored to
normal by the actuation of the manual clear key 385
in FIG, 17, as previously explained. |

While the foregoing descrpition 1s limited fo an ex-
planation of the operation of the system relative to chan-
nel A, it is apparent that the system operation regarding
channel B would be immediately clear to a person having
ordinary skill in the art of data transmission.

It 1s to be understood that the above-described embodi-
ments are merely illustrative of the application of the
invention. Numerous other embodiments may occur to
those skilled in the art without departing from the spirit
and scope of the mmvention. |

What 1s claimed is: |

1. A system for communicating data messages, each
comprising a plurality of digital data components,

a main station and a plurality of other stations for
processing said components of each of said messages,
each of said stations having a plurality of terminal
leads,

a plurality of channels for communicating said mes-
sages between said stations, each of said channels
having a plurality of terminal leads at one end con-
nectable to the plurality of terminal leads at one
of said other stations, each of said channels also
having a plurality of terminal leads at its opposite
end, and

means for connecting said main station to the oppo-
site end of each of said channels and thereby to the
one of the other stations connected thereto,

sald connecting means including a plurality of input
terminal leads connected to the plurality of termi-
nal leads at said main station and two additional
pluralities of output terminal leads, each of said
last-mentioned two pluralities of terminal leads con-
nectable to the plurality of terminal leads at the
opposite end of one of said channels, each lead of
each of said pluralities of leads communicating one
of said components of each of said messages whereby
all components of each message are communicated
in parallel at one time,

said connecting means activated by a preselected signal
received from said main station for connecting the
plurality of terminal leads of said main station to
the plurality of terminal leads at the opposite end
of a predetermined one of said channels and thereby
to the one of said other stations,

additional means in said connecting means responsive
to a clock signal originated at said main station
establishing a preference for connecting to a par-
ticular one of said plurality of channels,

other means in said connecting means transmitting a
make-busy signal to the particular preferred one of
said channels upon connection thereof to said main
station, .

means in said particular preferred channel responsive
to said make-busy signal for simultaneously exchang-
ing idle and busy signal voltages with said connect-

ing means,
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other means in said preferred channel transmitting to
said connecting means a predetermined signal volt-
age indicating the communication of a discrete mes-
sage thereover, - |

corresponding means in said connecting means relay-
ing said predetermined signal voltage to said main
station, o | | | | |

said corresponding means comprising flip-flop means
normally activated to manifest two different states
at the same time in response to said predetermined
signal voltage, | |

switch means in said preferred channel communicating
said predetermined signal voltage to said connecting
means, said switch when activated tending to provide
such an amount of chatter as to constitute an ex-
traneous voltage having the effect of locking said
flip-flop means in two identical states at the same
time thereby precluding the translation of said pre-
determined signal voltage reliably to said connecting
means, and | o

interlocking means within said flip-flop means over-
coming thé precluding effect of said extraneous volt-
age and forcing said flip-flop means to manifest said
two different simultaneous states,

said connecting means and predetermined channel fur-
ther activated by said preselected signal for commu-
nicating all components of each of said messages in
parallel at the same time on said connected plurali-
ties of terminal leads from said main station to said
one station connected to said predetermined one
channel. -

2. A system for communicating data messages, each

comprising a plurality of digital data components, |

a main station and a plurality of other stations for
processing said components of each of said messages,
each of said stations having a plurality of terminal
leads, - |

a plurality of channels for communicating said mes-
sages between said stations, each of said channels
having a plurality of terminal leads at one end con-
nectable to the plurality of terminal leads at one of
said other stations, each of said channels also having
a plurality of terminal leads at its opposite end, and

means for connecting said main station to the oppo-
site end of each of said channels and thereby to the
one of the other stations connected thereto,

said connecting means including a plurality of input
terminal leads connected to the plurality of terminal
leads at said main station and two additional plu-
ralities of output terminal leads, each of said last- -
mentioned two pluralities of terminal leads connect-
able to the plurality of terminal leads at the oppo-
site end of one of said channels, each lead of each
of said pluralities of leads communicating one of
said components of each of said messages whereby
all components of each message are communicated
in parallel at one time, | - *

said connecting means activated by a preselected sig-
nal received from said main station for connecting
the plurality of terminal leads of said main station
to the plurality of terminal leads at the opposite end
of a predetermined one of said channels and there-
by to the one of said other stations connected thereto,

said connecting means and predetermined channel fur-
ther activated by said preselected signal for commu-
nicating all components of each of said messages 1n
parallel at the same time on said connected plurall-
ties of terminal leads from said main station to said
one station connected to said predetermined one

channel, o o
means in said predetermined channel transmifting a

correct parity signal voltage to said connecting
. means for indicating thereto the correct parity of dis-

crete messages as transmitted to said predetermined

channel, |
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. means In said connecting means translating said parity
signal voltage into a corresponding signal voltage

- for indicating correct parity to said main station,

further means in said predetermined channel trans-
mitting idle and busy signal voltages after transmis-
sion of said correct parity signal voltage therefrom
for indicating to said connecting means that said
predetermined channel is available to accept a mes-
sage originating at said main station,

first control means in said predetermined channel di-
rected to said main station,

second control means in said predetermined channel
directed to said one other station connected to said
‘predetermined channel, |

turther means in said connecting means transmitting a
preselected signal voltage to said first control means
to prepare for the transmission of a message from
said main station thereto, and

means in said second control means activated by said
preselected signal voltage to receive the plurality of
data components constituting a message in parallel
at one time on a plurality of terminal leads.

3. The system according to claim 2 in which said frst

control means includes

means o transmit a have message signal voltage to
said second control means for indicating a message is
available in said first control means for transfer to

~ said second control means, and

means in said second control means activated by said
have message signal voltage to receive a message
from said first control means, and thereafter to trans-
fer said message to said one other station connected
to said predetermined channel.

4. The system according to claim 3 which includes
means In said one second control means activated by a
message received therein to transmit a have message signal
voltage to said one other station for indicating thereto a
message is available in said second control means, said
last-mentioned station responsive to said have message
signal voltage to return an acknowledgment signal voltage
to said second control means for restoring said have mes-
sage means to.the idle state. |

5. The system according to claim 4 in which said one
other station returns a correct parity signal voltage to
said second station control means, and said second means
together with first control means and connecting means
are activated in sequence by said correct parity signal
voltage to transmit a preselected signal voltage to said main
station for indicating the message transfer is successfully
completed. |

6. A system for communicating data nessages, each
comprising a plurality of digital data components,

a main station and a plurality of other stations for

- communicating said messages therebetween, each of
said stations having a plurality of terminal leads,

a plurality of channels for commaunicating said mes-
sages between said stations, each of said channels
having a plurality of terminal leads at each of its
two opposite ends, each of said channels having the
plurality of terminal leads at one end connected to the
plurality of terminal leads of one of said other
stations,

means for connecting the free end of each of said chan-
nels to said main station, said means including a first
plurality of terminal leads connected to the plurality
of terminal leads of said main station,

sald connecting means also including two additional
pluralities of terminal leads, each of said last-
mentioned pluralities of terminal leads connectable

to the plurality of terminal leads at the free end of
one of said channels, each terminal lead communicat-
ing one component of each message whereby all
components of each message are transmitted in
parallel at the same time,

means m a first one of said channels activated by a
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preselected signal voltage received from a first one
of said other stations to connect the plurality of
terminal leads at the free end of said first channel o
a preselected one of said additional pluralities of
terminal leads of said connecting means and thereby
to said main station,

means In said connecting means activated by said Iast-
mentioned connection thereof to said first channel
for returning a predetermined signal voltage to said
first other station thereby causing the transmission
of a message from said first other station to said
main station, |

turther means in said first channel responsive to said
predetermined signal voltage transmifting a send
message signal to said first other station, said first
other station responding to said send message signal
voltage by transmitting the plurality of components
of said message to said first channel in parailel at one
time on the connected pluralities of terminal leads of
said first other station and said first channel],

means in said first other station transmitting a message
sent signal voltage to said main station,

additional means in said first channel activated by said
message sent signal voltage returning a further signal
voltage to inform said first other station that the
transmitted message is returned for the checking of
its accuracy, and | | .-

additional means at said first other station transmitting
a message ready signal voltage to said first channel,
whereupon said first other station transmits a mes-
sage to said main terminal.

7. A system for communicating data messages, each

comprising a plurality of digital data components,

a main station and a plurality of other stations for
processing said components of each of said messages,
each of said stations having a plurality of terminal
leads, | |

a plurality of channels for communicating said mes-
sages between said stations, each of said channels
having a plurality of terminal leads at cne end con-
nectable to the plurality of terminal leads at one of
said other stations, each of said channels also having
a plurality of terminal leads at its opposite end, and

means for connecting said main station to the opposite
end of each of said channels and thereby to the one
of the other stations connected thereto,

said connecting means including a plurality of input
terminal leads connected to the plurailty of terminal
leads at said main station and two additional plu-
ralities of output terminal leads, each of said last-
mentioned two pluralities of terminal leads connect-
able to the plurality of terminal leads at the opposite
end of one of said channels, each lead of each of said
pluralities of leads communicating one of said com-
ponents of each of said messages whereby all com-

ponents of each message are communicated in paral-
lel at one time, |

said connecting means activated by a preselected signal
received from said main station for connecting the
plurality of terminal leads of said main station to the
plurality of terminal leads at the opposite end of a
predetermined one of said channels and thereby to
the one of said other stations connected thereto,

said connecting means further including means supply-
Ing a certain signal voliage to said predetermined
channel for restoring said predetermined channel to
the idle state, | | g

means 1n said predetermined channel responsive to said
certain signal voltage supplying a further signal volt-
age to said connecting means for restoring said con-
necting means to the idle state, S

other means in said connecting means responsive to
said further signal voltage supplying another prese-
lected signal voltage to said main terminal for in-
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dicating a second one of said channels is available
for data communication, and

further means in said connecting means activated by
said other means therein furnishing a predetermined
signal voltage to said main terminal indicating there-
to that said connecting means is in the idle condi-
{ion,

said connecting means and predetermined channel fur-
ther activated by said preselected signal from said
main station for communicating all components of
each of said messages in parallel at the same time
on said connected pluralities of terminal leads from
said main station to said one station connected to
-said predetermined one channel.

8. A system for communication messages, each com-

prising a plurality of digital data components,

a main station and a plurality of other stations for com-

municating said messages, each of said stations hav-
ing a plurality of terminal leads, |

a plurality of channels for -communicating sald mes-
sages between said stations, each of said channels
‘having a plurality of terminal leads at one end con-
nectable to the plurality of terminal leads of one
of said other stations, each of said channels also in-
cluding a plurality of terminal leads at its opposite
end,

means including a plurality of input terminal leads con-
necting the plurality of terminal leads at said main
station to at least -one of two additional pluralities
of output terminal leads, each of said last-mentioned
two pluralities of terminal leads connectable to the
plurality of terminals leads at the opposite end of one
of said channels, each terminal lead of each of said
pluralities of-terminal leads communicating one of
said components of each of said messages whereby
all components of each message are communicated
in parallel at one time, |

sald connecting means activated by a preselected sig-
nal voltage applied to one of said input terminal
leads by said main station for selecting a predeter-
mined one of said channels and thereafter supplying

a test message signal voltage to said predetermined
channel,

-signaling means included in said predetermined chan-
nel and responsive to said test message voltage for
supplying -a predetermined signal on said plurality
of terminal leads connecting the opposite end of said
predetermined channel fo said connecting means and
thereby refurning said test message signal to said
main station for checking as to proper parity, and

further means in said predetermined channel signaling

1eans responsive to said test message signal voltage
for returning a preselected signal to said connecting

- means indicating correct parity in the transmitted test

message.

9. The system according to claim 8 in which*_further
means included in said predetermined channel is respon-
sive to said test message voltage for returning a preselect-
ed signal voltage to said connecting means, and means in-
cluded in said connecting means and activated by said
preselected signal voltage for supplying another signal volt-
age to sard main terminal thereby acknowledging the re-
ceipt of said test message in said predetermined channel.

16. The system according to claim 9 in which said main
terminal responsive to said other signal voltage directed
to said main terminal returns a further signal voltage to
said connecting means, and other means included ir said
connecting means and responsive to said further signal
voltage for restoring said connecting means to the idle
state and for transmitting an end test message signal volt-
age to said one channel.

11. The system accordmg to claim 10 in whlch addi-
tional means included in said predetermined channel is
activated by said end test message signai voltage for re-
storing said signaling means to the idle state.
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12. In a system for communicating digital data mes-
sages, each comprising a plurality of digital data compo-
nents,

a main station and at least one other station, each hav-
‘ing a plurality of terminal-leads,
a channel for communicating said mcssages betweern
said main and other stations, said channel having two
_plurahtlcs of terminal leads, one plurality at each of
its two opposite ends, one of said last-mentioned piu-
ralities of terminal leads at one end of said channel
connected to the plurality of terminal leads at said
other station,
means for connecting said channel to said main station,
satd means including a first plurality of terminal leads
connected to said plurality of terminal leads at said
“main station and a second plurality of terminal leads
connectaple to the plurality of leads at the. opposite
end of said channel, each terminal lead of each of
said pluralities of terminal leads communicating one
data component of each of said messages whereby
all components of each message are communicated
in parallel at the same time, and
means in said channel and said connecting means ac-
~ tivated by a predetermined signal originating in said
other station for ct:::n:mmrm:::;11:111tlr messages therefrom
to said main station,
means in said connecting means activated by a pre-
determined signal received from said main station to
transmit a series of clock timing pulses at preselected
time intervals to said channel at the start of each of
said messages transm1tted from said other station fo
said main station, |
means in said channel activated by said clock timing
pulses to count each time that each message trans-
mitted from said other station failed to complete it-
‘self within a time interval represented by a predeter-
mined number of said clock timing pulses,
means in said channel responsive to a predetermined
number of successive times of such message com-
~munication failures to indicate the occurrence there-
of,. and
means in said channel activated by sald predetermined
number of successive. message. failures supplying to
said connecting means another signal voltage which
causes said connecting means to disconnect itself
from said channel.
13. A system for communicating data messages,
each COII]pI‘lS]Ilﬂ‘ a plurality of digital data components,
~a main station and a plurality of other stations for
processing the components of said messages, each
~station ‘having a plurality of terminal leads,

‘a plurality of channels for communicating said mes-

sages, each channel including a plurality of terminal
leads at each of two opposite ends, cach channel hav-
ing the plurality of terminal leads at. one end con-
nectable to the plurality of terminal leads of one of
said other stations, and |

means 1or connecting said main station to the opposite
end of each of said channels,

sald connecting including a first plurality of terminal
leads connected to the plurality of fermmal leads of
sald main station,

sald connecting means also including two  additional
pluralities of terminal leads, each of said last-men-
tioned pluralities of terminal leads connectable 1o the
plurality of terminal leads at the opposite end of one
of said channels, each terminal lead of each of said
pluralities of terminal leads communicating one data
component of each of said messages whereby all data
components of each message are communicated in
parallel at the same time,

other means included in sald connecting means and ac-
tivated by a preselected signal voltage sent. thereto
by said main station for connecting one of said two
pluralities of terminal leads of said connecting means
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to the plurality of leads at the opposite end of 4 pre-

. determined one of said channels,

further means included in said connecting means and

responsive to said last-mentioned connection to frans-

- mit a make busy signal voltage to said predeter-

mined channel for holding said last-mentioned chan-
nel for message communication from said main sta-

- tion to said predetermined channel and thereby to

the one of said other stations connected to said last-
mentioned channel,
additional means included in said connecting means and
activated by a predetermined signal voltage received

~ from said main station to transmit a series of clock
timing pulses at preselected time intervals to said pre-
determined channel at the start of each of said mes-
sage communications,
means included in said predetermined channel and ac-
tivated by said clock timing pulses te count each time
that each message communication failed to complete
itself within a time interval represented by a pre-
selected number of said clock timing pulses, and

other means included in said last-mentioned channel
and responsive to a predetermined number of suc-
cessive times of such message communication fajl-
ures for indicating the occurrence thereof.

14. The system according to claim 13 in which addi-
tional means included in said predetermined channel is re-
sponsive to said predetermined number of message com-
muication failures for providing to said first-mentioned
connecting means a further signal voltage which activates
said last-mentioned means to disconnect itself from said
last-mentioned channel. |

15. The system according to claim 24 in which fur-
ther means included in said predetermined channel is re-
sponsive to said predetermined number of said message
communication fajlures for providing a plurality of signal
voltages to said first-mentioned connecting means for in-
dicating that said last-mentioned channel is busy.

16. The system according to claim 13 in which said
predetermined number of message communication fajlures
comprises at least three and in which first means included
in said predetermined channel is responsive to a complete
message communication within the time interval re pre-
sented by said preselected number of clock timing pulses
during the count of a number of message communication
failures less than said predetermined number of three for
activating said other means in said predetermined channel
to the idle state. |

17. The system according to claim 13 in which second
means 1ncluded in said predetermined channel is respon-
sive to said counting means to supply at least one signal
voltage to said first-mentioned connecting means for indi-
cating a busy condition in said predetermined channel,
and

third means included in said predetermined channel 1S

activated by said counting means and cooperates
with said other means in said predetermined chan-
nel to supply at least one further signal voltage to
said first-mentioned connecting means for indicating
an idle condition in said predetermined channel
i8. The system according to claim 12 in which further
means included in said channel is activated by said pre-
determined number of successive message cormmunica-
tion failures to provide at least one further signal voltage
to said connecting means for indicating that said channel
1s busy. o -

19. The system according to claim 18 in which sajd
predetermined number of message communication fail-
ures comprises at least three and in which additional
means included in said channel is responsive to a com-
plete message communication within the time interval
represented by said preselected number of timing pulses
during the count of a number of message communication
failures less than said predetermined number of three for
activating said indicating means to the idle state.
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28. A system for communicating data messages, each

comprising a plurality of digital data components,

first and second data processing stations, each having a
plurality of terminal leads, | .

a channel for communicating said messages between
said stations, said channel having two pluralities of
terminal leads, one of said last-mentioned pluralities
of terminal leads connected to said plurality of leads
at said first station, | |

means for connecting said second station to said chan-
nel, said means including a first plurality of terminal
leads connected to said plurality of terminal leads at
said second station, said means also including a sec-
ond plurality of terminal leads connected to the
other plurality of terminal leads at said channel,
each terminal lead of each said pluralities of ter-
minal leads communicating one of said data com-
ponents of each of said messages whereby all com-
ponents of each message are communicated in-paral-
lel at one time. | |

means activated by a test message signal voltage
originating in said second station to transmit a test
digital data message therefrom to said channel,

means in said channel activated by said test message
voltage to return an incorrect parity signal voltage
to said connecting means, '_

means in said connecting means responsive to said in-
correct parity voltage to supply a ground voltage to
said second station for indicating the incorrect parity
of the transmitted test nressage,

means in said channel to return an acknowledgment
signal voltage to said connecting means for indicating
the receipt of said test message in said channel, and

means 1n said connecting means activated by said Iast-
mentioned acknowledgment voltage to transmit a
turther acknowledgment signal of negative voltage
to said second station, said ground and negative
voltage signals supplied to said second station indi-
cating the portion of said channel returning said
incorrect parity signal voltage is operational,

21. In a system for communicating data messages, each

comprising a plurality of digital data components,

first and second data processin g stations, each having
a plurality of terminal leads,

a channel for communicating said messages between
said stations, said channel having two pluralities of
terminal leads, on of said two pluralities of terminal
leads connected to said plurality of terminal leads
of said first station,

means for connecting said channel to said second sta-
tion, said means including a first plurality of terminal
leads connected to said plurality of terminal leads
of said second station and a second plurality of
terminal leads connected to the other plurality of
terminal leads of said channel, each lead of said
plaralities of terminal leads commnunicating one of
said components of each of said messages whereby
all components of each of said messages are com-
municated in parallel at the same time, and

means to determine the operativity of preselected ter-
minal leads connecting said channel to the cor-
responding terminal leads of a predetermined one
of said stations, said determining means including
further means to connect said preselected terminal
leads of said channel for message communication to
corresponding terminal leads of said connecting

means and thereby of said predetermined station,
and

means responsive to said last-mentioned connection of
said preselected terminal leads for identifying the
operative and nonoperative connected terminal leads
among said preselected terminal leads.

22. The system according to claim 21 in which said

75 determining means determines the operativity of the
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preselected terminal leads comprising the odd numbered
terminal leads of said one plurality of terminal leads
connecting said channel to the corresponding terminal
leads connecting said channel to the corresponding ter-
minal leads of said first station,

said further connecting means connecting said last-

mentioned odd numbered terminal leads of said
channel to the corresponding terminal leads of said
first station, and

said identifying means responsive to said last-mentioned

connection of said odd numbered terminal leads
for identifying the operative and nonoperative ter-
minal leads among said last-mentioned odd num-
bered terminal leads.

23. The system according to claim 21 in which said
determining means determines the operativity of the pre-
selected terminal leads comprising the even numbered
terminal leads of said one plurality of terminal leads con-
necting said channel to the corresponding terminal leads
of said first station,

said further connecting means connecting said last-

mentioned even numbered terminal leads of said
channel to the corresponding terminal leads of
sald first station, and |

said idenfifying means responsive 10 said last-mentioned

connection of said last-mentioned even numbered
terminal leads for identifying the opertive and non-
operative terminal leads among said last-mentioned
even numbered terminal leads.

24. The system according to claim 21 in which said
determining means determines the operativity of the pre-
selected terminal leads comprising the odd-numbered
terminal leads of said other plurality of terminal leads

connecting said channel to the corresponding terminal

leads of said first-mentioned connecting means and there-
by to the corresponding terminal leads of said second
station,

said further comnecting means connecting sail last-
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mentioned odd numbered terminal leads of said
first-mentioned connecting means, and |

said identifying means responsive to said last-mentioned
connection of said last-mentioned odd numbered
terminal leads for identifying the operative and non-
operative terminal leads among said last-mentioned
odd numbered terminal leads.

25. The system according to claim 21 in which said
determining means determines the operativity of the
preselected terminal leads comprising the even numbered
terminal leads of said other plurality of terminal leads
connecting said channel to the corresponding terminal
leads of said connecting means and thereby to the cor-
responding terminal leads of said second station,

said further connecting imeans connecting said last-

mentioned even numbered channel terminal leads
to the corresponding terminal leads of said first-
mentioned connecting means,

and said identifying means responsive to said last-

mentioned connection of said even-numbered termi-
nal leads for identifying the operative and nonopera-
tive terminal leads among said last-mentioned even
numbered terminal leads.
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