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Application filed September 8, 1926, Serial No. 184,252,

This invention relates to transmission sys-
tems, and more particularly to telegraph sys-
tems adapted for start-stop printer service.

The object of this invention is to repeat
and regenerate signaling current impulses
free from all distortion at a point interme-
diate the ends of a long and complicated sig-
naling line, so that the repeated signals will
be as regular in form as those transmitted
from the originating terminal. o

Ordinary telegraph repeaters repeat all or
part of the distortion in the signals from one
line section to the mext, with the result that
the magnitude of such distortion tends to in-
crease as sections are added to the line, there-
by limiting the speed of operating over long
circuits and increasing the attention required
in operating such circuits. A properly de-
signed regenerative repeater will eliminate
this distortion and improve the signals re-
ceived at the terminals of the line. Suitable
use of such repeaters makes possible a sub-
stantial increase in the operating speeds over
long and complicated circuit layouts. Here-
tofore, the type of repeater used for repeat-
ing and reégenerating signal impulses to an
adjoining Tine section, employed a system of
relays which were arranged to receive a por-
tion of each of the incoming impulses and to
prepare in response thereto for transmission
over an adjoining line section impulses of
practically the same quality as those trans-
nitted from the originating station. In this
way, any distortion in the received impulses
was corrected before the corresponding im-
pulses were repeated over the adjoining line
section. For a disclosure of a system where
relays are so employed,
to Patent No. 1,512,070, granted to G. S. Ver-
nam on October 21, 1924,  There is also dis-
closed in that patenta method heretofore em-
ployed, whereby the operator at a receiving
station may “break in” and stop the transmit-
ting apparatus at the transmitting station by
means of the line relay at the latter station.

According to the present invention the sig-
nal impulses received for correction at a sta-
tion intermediate the ends of a conducting
line, are repeated and regenerated for trans-
mission to the terminating station by means
of a system of condensers. In attaining the
object by this particular method there is also
developed a civeuit arrangement whereby the

reference may be had -

transmitting apparatus at the originating
station may be stopped from the terminating,

‘or receiving station, and maintained inoper-

ative thereirom, through the energization of
a 'holding winding on a locking velay located
at the intermediary, or regenerative repeate
station. The locking relay is further ar-
ranged to hold an unbiased.armature of a
sending relay firmly in the position in which
it happens to be set; to check the rotation of
the distributor brushes at the intermediary
station when a stop, or break; signal is sent
from the receiving station; and to lock ‘the
armature of a recelving relay associated with
the receiving station, but located-at the in-
termediary station, during the time in which
sighals are outgoing from the latter to the
former station, so that it will not be affected
by such signals. Fuirthermore, another ad-
vantage of this invention, resides in the ar-
rangement wherein a milliammeter is utilized
for indicating to a monitor at the interme-
diary station any faulty operation of the line
and repeating and regenerating means: :
‘Referring to the drawing: S
Iigure 1 shows diagrammatically the cir-
cuit arrangement of a regenerative repeater
arranged for either half duplex or full du-
plex service between two terminal repeater
stations A and B in a long and complicated
line ‘having several other terminal repeater
stations such as C and D, respectively, con-
nected in series. Thetre are also shown dia-
grammatically “the sending ‘and  receiving
equipment at subscriber’s stations E and ¥
which are connected to terminal stations C
and D, respectively. ' '
Fig. 2 shows a portion of the ‘circuit ar-

rangement of Fig. 1, for répeating in one

direction only, and portions of several in-
coming signals, under four different condi-
tions, for operating the milliammeter to -
dicate a faulty condition in the operation of
the line or repeater. '

In Fig. 1 there areshown two loop circuits
extending to each of terminal repeater sta-
tions A and B, which are provided for asso-

- clating the respective sending and receiving

apparatus thereat with the regenerative re-
peater. The loop circuits extending to ter-
minal station A are referred to herein as the
west loops and those extending to-terminal
station B are the east loops. When the re-
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generative repeater is set for full duplex op-
eration, both loop circuits extending to each
station are put into service, but when half
duplex operation is desired, one loop at each
station is disconnected from the repeater by
means of keys provided for this purpose and
the loops then remaining in service are each
utilized for both sending and receiving. -~ Un-
like the loops which connect the regenerative
repeater station with the terminal repeater
stations A and B, the lines interconnecting
the terminal repeater stations, such as A with
C and B with D, consists of a single wire as
shown, but the subscribers’ lines which are

-connected to the terminal repeater stations

are loops such as described above for the re-
generative repeater station. Double loopsare
employed for connecting each subscriber’s
station with a terminal repeater station in
order that the subscriber may be furnished
with ‘full duplex service, in which case the
sending and the receiving equipments are
each operated over a different loop.

The repeater shown has five switching keys.
Keys 2 and 8 are provided for the purpose of
changing the service for stations I and T, re-
spectively, to either half or full duplex opera-
tion, the repeater being set for half duplex
service when these keys -are in their normal
positions as shown, and for full duplex serv-
ice when they-are in their operated positions.
Key 4 is for disconnecting the battery sup-
Pply from the repeater circuits.. Key 6 1s pro-
vided for the purpose-of connecting the re-
peater for regenerative or relay operation, or
cutting the vepeater out altogether so that
signaling impulses will not pass through, and
this key is referred to herein .as the contro}
key. Key 7 connects a Morse telegraph set,
represented in the drawing by sending key 8
and sounder 9, to either the east or west loops,
and may be used by the operator in monitor-
ing messages passing through the repeater
station, ‘

The repeater distributor, which is of the
same general stari-stop type as that used at
printer sets and disclosed in Patent No. 1.-
811,915, granted to P. M. Rainey on August
5, 1919, 1s provided with two distributing
discs 10 and 11, the former being arranged to
regenerate impulses incoming over the west
loops and outgoing over the east loops, and
the latter for regencerating impulses in the op-
posite direction. - This type of distributor
has receiving segments which can be oriented
with respect to the incoming signals so that

only the central portion of each received sig--

nal unit is used to control the character or
polarity of the corresponding retransmitted
signal units, the duration of the outgoing
signals depending on the spacing of the send-
ing segments and the speed of rotation of the
istributor brushes. 1t is-obvious that, un-
less the incoming signals ave so badly dis-
torted that the central portion of some signal
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units are of the wrong polarity, and wuless
the repeater apparatus is faulty, the signals
will be repeated in perfect form. The re-
peater distributor must operate in synchro-
nism with signals from the printer sets as-
sociated with it. This means that it must
be governed to run at the normal operating
speed of the circuit and it must be controlled
by received “start” impulses: . It must be ar-
ranged also.to send out a “start” and a “stop”
impulse properly timed with relation to the
usual five selecting 1mpulses. = Cooperating
with distributor dise 10 in transmitting im-
pulses from station K to station I are receiv-
ing relay 12, sending relay 13 and locking
relay 14, and with distributor dise 11 in trans-
mitting impulses from station ¥ to station I,
the corresponding relays 15, 16 and 17 are
similarly employed. These relays are of the
polarized type and their respective functions
in the operation of the repeater will be fully
explained hereinafter. In the normal, or
idle, condition of the repeater, brush arms 18
and 19 of the distributor are held against
their respective latches 20 and 21 and the
armatures of all relays are held against their
marking contacts, as shown.  The armatures
of receiving relays 12 and 15 are held to
marking by currents normally flowing in cir-
cuits extending through the left hand relay
windings, over a west loop to station A and
over an east loop to station B, respectively.
In the right hand windings of these relays
there are flowing simuitaneously with the
currents in the-left hand, or operating, wind-
ings, but in the opposite direction and of
about one-half strength, biasing currents,
which become effective only when the circuits
extending through the operating windings
are open.

When the repeater is set for half-duplex
operation (the condition shown in the draw-
ing) the biasing current in relay 12 also flows
through the left hand, or locking, windings
of the locking relay 17 and sending relay 16,
which are connected in parallel, and these
windings are shunted by a resistance 24, so
that the current passing through the wind-
ings is of just sufficient strength to hold the
armatures of relays 16 and 17 to marking.
The right hand, or biasing winding, of re-
ceiving relay 12 is reversed with respect to
the locking windings of the sending relay 16
and locking relay 17, as-will hereinatter be ex-

plained.

When the repeater is set for full duplex
operation the cireunit for the biasing current
flowing through the right hand winding of
relay 12, extends to the negative pole of hat-
tery at the inner right contact of switch 4,
over the next to the lowermost off-normal
contact of switch 2; and the cireuit for the
tocking current flowing throngh the left
hand, orlocking, windings of relays 16 and 17
extends from the negative pole of battery at
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the inner left contact of switch 4, to ground
at the lowermost off-normal contact of
switch 2.

The circuits including the corresponding
windings of receiving relay 15, sending relay
18 and locking relay 14 are completed for
both half and full duplex operation, in a
similar manner to those described for relays
12, 16 and 17, and, therefore, no further de-
seription is deemed necessary.

In order to indicate any faulty condition
which may exist in the operation of the line
or the repeater, milliammeters 55 and 56 are
provided, the former being arranged to indi-

: cate trouble which may occur in the line or

repeater while repeating signals from the
west to the east loop-and the latter, while sig-
nals are being repeated in the opposite di-
rection. These milliammeters which are op-
erated by the regular printer signals so that
the special signals usually required for test-
ing, ave eliminated, serve to check bias in the
circuit as well as the speed and ovientation
of the distributing discs 10 and 11 of the re-
peater. They are also arranged to indicate
whether or not the loops are closed and the
current received is of the correct polarity.
\ssuming that the repeater is set by keys
9 and 3 for half duplex operation and that
the operator at station E desives to send a
message through the repeater to station I,
the signals will be received over west loop 25
by receiving relay 12 and retransmitted by
the armature of sending relay 18 over east
loop 39. Loop 25 being normally closed, the
first open impulse will permit the biasing
current to move the armature of relay 12 to
its spacing contact, thereby energizing the
start magnet 26 in a circuit traceable from the
positive pole of battery at the outer right
contact of switch 4, left contact and armature
of relay 12, inner left contact of the upper
spring set and inner right contact of the
lower spring set of switch 6, receiving ring
segments 27 and 28 interconnected by brush
99 in its normal position at distributing disc

10, through the winding of magnet 26, resist--

ance 30, armature and right contact of relay
14 to the negative pole of battery at the inner
right contact of switch 4. Magnet 26 oper-
ates and releases brush arm 18, which then
rotates over the distributor segments in uni-
son with the incoming signals from station A.

As brush 29 leaves segment 28, magnet 26

deenergizes and remains in this condition
while the brush is passing over the short seg-
ments Nos. 1 to 6 of receiving ring 34 which
may be oriented to pick up the central por-
tion of each received signal unit. The receiv-
ing segments Nos. 1 to 6 of ring 34 are alter-
nately connected to condensers 32 and 33 and
as the brush crosses each segment in rotation,
a charge is stored on the condenser to wh.ch
the segment is connected, the polarity of the
charge depending on which contact the .ar-

mature of receiving relay 12 is on when the
segment is crossed and the duration of a
charge depending on the speed of brush arm
18 in rotating over the segments of a sending
ring, hereinafter described. It is assumed
herein that negative and positive charges
correspond respectively to marking and
spacing signals. The final closed “stop” im-
pulse of each printer character moves the re-
celving relay armature.to its marking con-
tact, which connects the start magnet 26 to
the negative pole of battery at the inner right
contact of switch 4, and magnet 26 fails to re-
energize when the brush arm 18 returns to its
starting position because negative battery is

connected o both ends of the magnet wind--

ing, thereby causing brush arm 18to stop
against its latch 20 until the next “open” or
“start” impulse is received.

Simultaneously with the rotation of brush
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99 over the receiving segments of ring 34 -

the transmitting brush 85 traverses the send-
ing segments Nos. 1 to 7 of ring 36 to send
out corresponding impulses, or signals,
from the charged condensers 32 and 33, over
conductor 37. The latter impulses are regen-
erated or retimed signals which, owing to the
position of the various sending segments
with respect to the recelving segments, are
slightly delayed in passing through the re-
peater, so that each signal unit is- gsent out
while the next following signal unit is being
received. This delay, however, is of no con-
sequence as vegards the quality of the out-
going signals.

When brush 85 crosses segment No.Tof ring
36, a civcuit is completed from the positive
pole of battery at the outer right contact of
switch 4, through resistance 35, over condue-
tor 37, through the right hand, or operating,
windings of the locking relay 14 and sending
relay 13 to ground. The current in these
windings overcomes the locking current’ in
the left hand windings, connected in par-
allel, of relays 14 and 13, as hereinbefore de-
seribed in connection with the opposing cur-
rents in relays 16 and 17. This locking cur-
rent is of the same strength as that in the
locking windings of relays 16 and 17. The
armatures of relays 14 and 13 are, therefore,
moved to their spacing contacts and the op-
eration of relay 14 causes & “start” impulse
to be sent over loop 89 through terminal sta-
tions B and D in series to the receiving equip-
ment 23 at station F. - Condenser 40 shunted
across the resistance 38 in the circuit of seg-
ment No. 7 of the sending ring 36, just traced,
causes the current to build up rapidly in the
windings of the relays, thereby increasing
the speed of operation.

As the sending brush 35 crosses the remain-
ing segments the storing condensers 32 and
33 will discharge alternately through the op-
erating windings of relays 14 and 13. The
divection of the current will depend on the
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polarity of the charges on the condensers. Tt
18 evident that the character of each signal
unit sent out will depend on the correspond-
ing unit as received, but the duration of each
unit sent will depend only on the speed of
the brush and the spacing of the sending
segments. Locking relay 14 and sending re-
lay 13 operate together, the latter relay open-
ing and closing the east loop to send the sig-
nals into loop 89 to station B. When the
sending and locking relays change to spac-
ing, loop 39 is open at the sending relay con-
tacts, thereby checking the comparatively
high current in the left hand, or operating,
winding of receiving relay 15 and permitting
the biasing current in the right hand wind-
mg which is now reversed by the moving of
the armature of locking relay 14 to its spac-
ing contact, to hold the armature of relay
15 on its marking contact. Therefore, sig-

‘mnals sent out by the repeater will not affect

the receiving relay armature, which will re-
main against its marking contact when the
loop is opened or closed by the sending relay.

The No. 6 impulse in the printer code used
herein is assumed to be marking, and in order
to repeat “break” signals from station B to
station F' properly, 1t is necessary to control
the outgoing sixth impulse from the incoming
signals. If the No. 6 sending segment was
connected permanently to marking battery
the start magnet 26 would be operated, and a
single marking impulse would be sent out
over east loop 89 for every revolution of brush
arm 18 as long as the west loop 25 is held open
for the break signal.

In the case of a “break” signal being sent
from station F over east loop 89, start magnet
41 at distributing disc 11 operates in a circuit
traceable from the positive pole of battery
at the outer left contact of switch 4, left
contact and armature of receiving relay 15,
inner right contact of the upper spring set
and inner left contact of the lower spring set
of switch 6, receiving segments 42 and 43
bridged by brush 44, through the winding
of magnet 41, resistance 45, armature and
right contact of relay 17, to the negative pole
of battery at the inner left contact of switch
4. The operation of magnet 41 releases brush
arm 19 which now rotates over the receiving
and sending segments of distributing disc 11
in a manner similar to that described above
in transmitting from station T to station
I, to send spacing impulses through send-
ing relay 16, thereby opening-the west loop
25,
revolution as both ends of the winding of
start magnet 41 are connected to positive bat-
tery in a circuit which may be traced from
the outer left contact of switch 4, left con-
tact and armature of relay 17, resistance 45,
through the winding of magnet 41, segments
43 and 42 bridged by brush 44, inner left con-
tact of the lower spring set and inner right

The brush arm stops at the end of one
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contact of the upper spring set of switch 6,
armature and left contact of relay 15, to the
starting point at switch 4. However, the loop
25 remains open due to the fact that the lock-
ing relay 17 is locked to spacing, thereby hold-
ing the sending relay 16 to spacing. The
lecking circuit may be traced from the posi-
tive pole of battery at the outer left contact
of switch 4, left contact and armature of
relay 17, resistance 47, through the left hand
windings, in parallel, of relays 17 and 16,
lower normal contact of duplex key 2,
through the right hand winding of relay 12
to ground. An “open” or spacing, signal is
thus sent out over loop 25 to indicate a
“break” to the operarator at station E, and
as long as sending relay 16 is held open no
signaling impulses can be sent from station
E. When east loop 89 is closed at the end
of the “break” signal, magnet 41 again oper-
ates and releases the brush arm 19 for one
more revolution, the east loop 25 being closed:
when the sending brush 48 crosses sending
segment No. 1. The circuit for reenergizing
magnet 41 may be traced from the negative
pele of battery at the inner left contact of
switch 4, right contact and armature of re-
lay 15, inner right contact of upper spring
set and inner left contact of lower spring set
of switch 6, segments 42 and 48 interconnected
by brush 44, through the winding of magnet
41, armature and left contact of relay 17 to
the positive pole of battery at the outer left
contact of switch 4.

The use of the locking relay in the repeater
circuit may be summarized as follows:

1. Tt controls the polarity of the weak hold-
ing, or locking, current through its own left
hand winding and that of the sending relay.
This current holds the armature of the send-
ing relay firmly in either of its two positions
during the-intervals between the condenser
discharges and this function is particularly
important in this invention inasmuch as the
sending relay employed herein hasg an un-
biased armature.

2. It controls the polarity of the current
applied to one side of the start magnet cir-
cuit. If the start magnét was connected di-
rectly to negative battery instead of being
connected to the armature of the locking re-

lay, the brush arm would rotate continuously

during a break signal and in the event that
the loop circuit should close at the termina-
tion of the “break” signal at a time after the
brush' had crossed the No. 6. receiving seg-
ment and before the brush arm had reached
the “start” latch, the brush arm would stop
and the loop on the outgoing side would be
left open even though the incoming loop is
closed. This is because of the fact that the
condenser receives a positive charge when
the brush crosses the No. 6 segment if the out-
going loop is open at this time, and the con-
denser discharge will operate the sending re-
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lay to the spacing side. With the start mag-
net connected to the locking relay, the brush
arm makes one revolution at the beginning
and another at the end of the break signal,
and therefore aveids the continuous rotation
during the interval of the “break” signal.

3. When the repeater is arranged for half-
duplex service, the locking relay also controls
the biasing current which flows in the right
hand winding of the receiving relay. When
the locking relay armature is against its
marking, or right hand, contact, the biasing
current in the receiving relay opposes the
loop, or operating, current and the receiving
relay will operate in response to incoming
signals; but when the locking relay arma-
ture is against its spacing, or left hand, con-
tact, the biasing current is reversed in-the
receiving relay to hold the armature against
its marking contact even though the loop cir-
cuit is open at the contact of the sending re-
lay. :

In repeating signals from station I to sta-
tion I the action issimilar to that described
above, except that the signals are repeated by
receiving relay 15, through the distributing
disc 11, storing condensers 49 and 50, sending
relay 16 and locking relay 17.

If it is desired to set the repeater for full
duplex operation, the keys 2 and 3 are moved
to their alternate positions, and the operating
windings of the receiving relays 12 and 15 are
thereby connected to the receiving loops 51
and 52, respectively, and the contacts of the
sending relays 16 and 13 are connected to
their respective sending loops 25 and 39. At
the same time the biasing windings of the re-
ceiving relays ave connected directly to bat-
tery through resistances 53 and b4, respec-
tively, and the locking windings of each pair
of sending and locking relays are connected
to ground so that the receiving and sending
relays on each side of the repeater can act in-
dependently. The two sides of the repeater
can then operate entirely independently of
each other to repeat signals in both directions
at the same time.

As hereinbefore stated, the control key 6 is
designed to perform three operations, name-
1y, to connect, the repeater for vegenerative or
relay operation, or to cut the repeater ouf al-
together. When the key is in its normal posi-
tion, as shown, the repeater 1s connected as a
regenerative repeater. In its “down” posi-
tion the key connects the repeater for relay
operation and the receiving relay on one side
directly operates the locking and sending re-
lays on the opposite side of the repeater so
that signals are repeated without being ve-
genorated by the distributor and storing con-
densers, thereby permitting the repeater to be
used for repeating Morse signals or printer
signals without regeneration. In its “up”
position the key performs the operation of

eutting the repeater so that no signals esn be

sent through it, inasmuch as the circuits in-
cluding the armatures of the receiving relays
are opened and the marking battery is con-
nected through the windings of the sending
and locking relays to hold their armatures
on their marking contacts.  This last opera-
tion is provided so that circuits on either side
of the repeater can be iined up independently
without disconnecting the repeater and any
loop or line troubles may be more readily
traced. :

The monitoring key 7 is arranged to con-
nect the Morse telegraph set to either the west
or east loop circuits for communication pur-
poses and for monitoring signals passing
through the repeater. This key connects the -
sounder 9 in series with the receiving relay
winding and the telegraph key 8 in series
with the sending relay contacts on that side
of the repeater to which the key is thrown.
When the repeater is operating half duplex,
throwing the monitoring key to its right or
left position will connect the key and sounder
in series with the east or west sending loop,
respectively. When the repeater is operating
full duplex, the monitoring key will connect
the telegraph key in the sending loop and
the sounder in the receiving loop, so that the
sounder will respond to incoming but not
outgoing signals. The monitoring key con-
tacts are so arranged that its operation does
not even momentarily open the loop circuits
or interfere with signals passing through the
repeater. In the normal position of the
monitoring key, the telegraph key and sound-
er are disconnected. - o

Inasmuch as the keys do not form any part
of the invention, a detailed description of
their operation and the circuits affected there-
by is not deemed necessary.

The milliammeters 55 and 56 which are pro-
vided for the purpose of indicating bias in
the line and faulty operation of the repeater
distributor, are so connected that when the
control key 6 is in its normal or regenerative
position, as shown in the drawing, they are
each connected on one side to segment C of
their respectively associated distributing
dises 10 and 11-and on the other side to the
receiving relays 12 and 15 respectively. .

In Fig. 2 there is shown that portion of the
repeater circuit which is arranged for repeat-
ing signals from the west to the east loop,
and also portions of several incoming signals
in their positions relative to the distributor
segments when the orientation is properly
set. Milliammeter 55 is shown connected on
one side to the armature of receiving relay
12 and on the other side to segment C of the
receiving rings of disc 10. The receiving and
sending rings of disc 10 are shown in_this
figure as developed for the purpose of show-
ing the relation of the segments to the por-
tions of the several ircoming signals selected
for illustration, The signsle selected show
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only the ffth and sixth impulses and these
are shown under four different conditions,
nainely “@”, “6”, “¢” and “d”, in order to
give a full explanation of the operation of
the milliammeter 55.

Under condition “a¢” the fifth impulse is
shown as “marking” and inasmuch as the
sixth 1mpulse, as hereinbefore assumed is
always marking except during a “break sig-
nal”, the meter 55 will not indicate because
the armatures of the receiving relay 12 and
locking relay 14 will both be against their
marking contact during the time the brush
29 is passing over segments A, B and C and
the meter will have both of its terminals con-
nected to negative: battery. Fowever, in
about half of the received printer signals the
fitth impulse is “spacing” and when it is, the
meter needle will deflect to one side or the
other if there is distortion in the signals or
improper adjustment of the repeater as will
be explained below.

In condition “5” is shown a perfect signal
with the fifth impulse as “spacing”. For
the duration of the fifth impulse the arma-
tures of the receiving relay 12 and locking
relay 14 are on their spacing contacts. Seg-
ment A and meter 55 are connected to posi-
tive battery and while the brush is crossing
segment A there will be no current flow
through the meter and therefore no indica-
tion. Segment B has negative battery con-
nected to it permanently, and since the con-
dition is assumed to represent a perfect sig-
nal the armature of receiving relay 12 moves
to its megative, or marking, contact just as
the brush meets segment B, the edge of which
15 arranged to be exactly half way between
the fifth and sixth receiving segments. The
meter then has both of its terminals connected
to negative battery and therefore there is no
indication of current.

1t there is marking bias in the signals the
sixth impulse is lengthened as shown in con-
dition “¢”. In such a case the armature of
receiving relay 12 will be moved to its mark-
ing contact while the brush is still on segment
A. Segment A will be connected to positive

battery while the meter is connected to nega-

tive and the current will flow through the
meter while the brush is crossing segment A.
The direction of this current is such that it
will deflect the meter needle to its marking
or right hand side. The duration of the cur-
rent and, therefore, the amount of the deflec-
tion will be approximately proportional to
the amount of distortion.” As soon as the
brush comes in contact with segment B the
meter needle will return to zero as both ter-
minals of the meter are connected to negative
battery.

~In condition “d” the signals are shown as
having spacing bias and in this case the fifth
impulse 1s lengthened to such an extent that
the armature of receiving relay 12 is moved
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to connect positive battery to the meter while
the brush is starting over segment B. Cur-
rent now flows in the meter circuit thereby
causing the needle to deflect to the left indi-
cating a spacing bias.

When the repeater and its circuits are oper-
ating in their normal condition the meters
will frequently deflect slightly to ihe right
and the left about equally often in each direc-
tion, as the result of distortion in the signals.
But if the meter deflection is more frequently
to one side than to the other, it may indicate
trouble as follows: ,

To the left: The line circuit is biased to
spacing, or the sending station distributor
speed is slow, or the repeater distributor speed
is fast, or the distributor disc is oriented too
far in the direction contrary to brush rota-
tion.

To the right: The line circuit is biased to
marking, or the sending station distributor
speed is fast, or the repeater distributor speed
is slow, or the distributor dise is oriented too
far in the direction of brush rotation.

As stated above, the meters may indicate
bias in the signals, incorrect speed, or faulty
adjustment of the orientation. It is obvious,
however, that in order to have the meters in-
dicate one trouble it must be known that the
others are not present. For instance, if the
repeater is connected in a local circuit with a

nonitoring printer, not shown, and if the re-
peater and printer speeds have been set ex-
actly the same, and if all the relays have been
properly adjusted so that there is no ap-
preciable bias, the meter will indicate im-
proper adjustment of the orientation. The
ropeater is then checked and adjusted for
orientation in a manner well known in the
art and returned to its operating circuit.
With all sending station speeds checked ac-
curately any deflection of the meter needle
will indicate bias which may be present in the
circuit. If the line ischecked and found to be
without bias and the orientation of the re.
peater is set correctly, incorrect speed of the
repeater distributor or sending station dis-
tributor will now be indicated.

When control key 6 is operated up or down,
cutting the repeater or connecting the re-
peater as a relay repeater, each meter is con-
nected from the correspending reveiving re-
lay armature through the outer upper con-
tacts ot key 6 to ground. In this position
the meter will follow the signals received hy
the receiving relay.

To determine whether the loops are closed
and the current therein of the correct polarity,
control key 6 should be operated to its “up”
position thus cutting the repeater and sepa-
rating the loops. When the loops are closed
and poled correctly the meters will deflect to
the right. If one meter deflects to the left
the loop associated with that meter is either
reversed or is open. In this case the moni-
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toring key 7 may be operated to connect the
sounder 9 in series with the reverse or open
loop. If the sounder operates, the loop is
reversed ; if not, the loop is open. When the
repeater is set for full duplex operation, the
meters and scunder will test the condition of
the receiving loops, and when set for half
duplex service they will test the sending
loops.

In case of line failure, control key 6 would
be operated to its “up” position to cut the
repeater from the line and the meter as-
sociated with the line section in which the
tailure occurred, would then indicate the di-
rection of the trouble.

It will be seen, therefore, from the forego-
ing descripticn ¢hat the use of condensers in
con]uncuon with the receiving and the send-
ing segments on the repeater distributor, for
the purpose of repeating and regenemt'ne
signal impulses to a distant station furnishes
an economical as well as a novel arrange-
ment. This arrangement is such that it may
be readily adapted for use with carrier chan-
nels or even as a link in radio transmission.
Furthermore, the arrangement peimlts the
use of milliammeters for chec cking the bias in
the incoming signals as well as the speed of
the distributor brushes and the orientation of
the distributor discs.

What is claimed is:

1. In a telegraph system adapted for trans—
mission alternat ely in each direction, two line
sections, an intermittently opera‘ted timing
device,; means for operating said device under
the direct control of both sections to receive,
regenerate, and repeat signal impulses from
one section to the other section when the other
section 1s in a receptive condition and fox
retaining said device in normal position when
the said other section isnot in a receptive con-
dition,

9. In a start-stop telegraph system, a re-
generative repeater and two telegraph loops
connected thereto, said loops being normally
closed when receiving impulses an nd adapted
to be alternately opened and closed to trans-
mit signal impulses and to be opened for a
long period to transmit a break signal; said
repeater comprising intermittently operated
timing devices for receiving and repeating
signal impulses from one loop to the other,
and means responsive to a break signal from
either loop for maintaining said devices in
normal condition and opening the other loop.

3. In a signaling system, a signaling line
divided into sections, relaying apparatus in-
terposed between adjacent sections compris-
ing an mternnttently operated timing device,
e]ectrostq’mc means for storing 1mpulses trans-
mitted over one of said line sections through
said timing device, means on said intermit-
tently operating timing device for transmit-
ting the stored nnpulqes over an adjoining
line section, and means controlled from both
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of said lines sections for maintaining said
timing device in its normal position.

4 In a signaling system, a signaling line
divided into : sectlons, relaying appamtus in-
terposed between adjacent sections compris-
ing a source of energy, means for producing
1mpulses from said source correspondmo to
those incoming over one of said line sections,
an intermittently rotating distributor for
receiving said corresponding impulses, a plu-
rality of capacity elements connected to said
distributor and each arranged to receive cer-
tain of said impulses, means at said dis-
tributor for discharging said elements to
effect the regeneration of said corresponding
impulses for transmission over an adjoining
line section and means operated from the re-
ceiving section-of said signaling line for
siopmno the operation of said repefltmo and
regenerating apparatus and maintaining said
aY)pamtus in normal condition.

5. In 2 signaling system, a signaling line
divided into sections, a relaying apparatus
interposed between adjacent sections compris-
ing veceiving and transmitting dlqtmbutmu
rnechqmsmb, a plurality of electromaornets for
each of said mechanisms, and means ‘associat-
e with said electromagnets and operated

-from one of said ad]acent line sections for

controlling the cperation of said mechanisms
while one of said mechanisms is under the
control of the cther of said adjacent line sec-
tions.

6. In a telegraph system, a signaling line
divided into sections, relaying appar atus in-
terposed between adjacent sections compris-
Ing receiving and transmitting distributing
mechanisms, a group of relays for each of said
mechanisms, and means in each of said groups
controlled from either of said line sections for
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mainbaining said mechanisms in their normal

pooltmns
In combuntion a signaling line divided
into sections, repeating s and rebenemtlng ap-
paratus interposed between adjacent sections
comprising receiving and transmitting mech-
anisms, a group of relays for each of said
mechanisms, a pair of condensers connected to
gach of said mechanisms, each condenser of
said pair being arranged to be alternately
charged in response to impulses repeated from
one line section and alternately discharged
through its associated distributing mechanism
to effect the regensration of the xepeated im-
pulses over an adjoining line section, and
means in each of said relay Oloups operated
from the receiving section of said signaling
line for stopping the operation of said re-
peating and regenerating apparatus and
maintaining said mppwmtuq in normal condi-
tion.
8. In a telegraph system, a signaling line
divided into sections and adapted for either
half or full duplex operation, repeating and

-regenerating apparatus interposed between
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adjacent sections comprisging a pair of dis-
tributing mechanisms, each adapted toreceive
and transmit impulses and both arranged to
operate either singularly or simultaneously, a
group of relays foreach of said mechanisms,
a pair of condensers connected to each of said
mechanisms, each condenser of each of said
pairsbeing arranged to be alternately charged
1n response to impulses received for repeating
from one line section and alternately dis-
charged through its associated distributing
mechanisms to effect a regeneration of the re-
peated impulses for an adjoining line section,
and means in said relay groups operated from
the receiving section of said signaling line for
stopping the operation of said repeating and
regenerating apparatus and for maintaining
said apparatus in their normal positions.

9. In a signaling system, a signaling line
divided into sections, relaying apparatus in-
terposed between adjacent sections, and com-
mon means-associated with said relaying ap-
paratus for indicating bias in the polarity of
incoming signals and faulty operation of
said apparatus.

10. In a signaling system, a signaling line
divided into sections, a sending and a receiv-
ing subscriber’s station, rclaying apparatus
comprising a rotary distributor interposed
between adjacent sections and arranged to in-
terconnect said subscriber’s stations, a rotary
distributor at each of said stations, and means
forming a part of said relaying apparatus and
comprising a meter for indicating a difference
in the speeds of the sending and the relaying
distributor.

11. In a signaling system, a signaling line
divided into sections, relaying apparatus in-
terposed between adjacent sections, and
means in said apparatus comprising a meter
for indicating bias in the polarity of incoming
signals and failure of the incoming line sec-
tion.

12. In a signaling system, a signaling line
divided into sections, relaying apparatus in-
terposed between adjacent sections, a rotary
digtributor forming a part of said apparatus
and comprising a disc and an adjusting mem-
ber attached to said disc, and means compris-
ing a meter for indicating improper adjust-
ment of the orientation of said disc and ad-
justing member.

13. In a telegraph system, a signaling line
divided into sections, a sending and a receiv-
ing subscriber’s station, a rotary distributor
at each of sald stations, repeating and re-
generating apparatus interposed between ad-
jacent sections, comprising a rotary distrib-
utor, and means associated with said appara-
tus comprising a meter for indicating bias
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in the polarity of the incoming signals, a dif-
ference in speeds of the distributors at said
sending station and in said apparatus, a fail-
ure in the incoming line section, and faulty
adjustment of the orientation of the distribu-
tor associated with said apparatus.

14. In a telegraph system, a signaling line
divided into sections and adapted for either
half or full duplex operation, repeating and
regenerating apparatus interposed between
adjacent secticns comprising a pair-of dis-
tributor mechanisms each adapted to receive
and transmit impulses and both arranged to
operate either singly or simultaneously, and
means assoclated with each of said mecha-
nisms comprising a meter for indicating bias
in the polarity of the signals received in its
associated mechanism, a difference of speeds
between incoming and outgoing signals, a
failure in the incoming line section, and the
faulty adjustment of the orientation of its
assoclated mechanism.

15. In a telegraph system, a signaling line
divided into sections, a sending and a re-
celving subscriber’s station, a rotary dis-
tributor at each of said stations, repeating
and regencrating apparatus interposed be-
tween adjacent sections, comprising a rotary
distributor, and means associated with said
apparatus comprising a meter, responsive to
the regular printer signals, for indicating
bias in the polarity of the incoming signals,
a difference in speeds of the distributors at
said sending station and in said apparatus,
a fallure in the incoming line section, and
faulty adjustment of the orientation of the
distributor associated with said apparatus.

16. In a signaling system a signaling line
divided into sections, repeater stations inter-
connecting adjacent sections, regenerative
apparatus located at a point in said line inter-
mediate said repeater stations said appara-
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tus comprising two groups of relays and a -

rotary distributor for regenerating and re-
peating signals over said line, a locking, a
sending, and a receiving relay in each of said
groups, and means comprising said locking
relay arranged to hold said sending relay
firmly in the position in which it happens to
be set to check the rotation of said distribu-
tor when a break signal is sent from the re-
ceiving end of said line, and to lock said re-
ceiving relay when said sending relay is trans-
mitting signals to the receiving end of said
line.

In testimony whereof, I have signed my
name to this specification this 3rd day of
September, 1926.

GILBERT S. VERNAM.

105

110

115



