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This invention relates to high speed syn-
chronous telegraph systems in which short
signal impuises are excessively attenuated
and must be rebuilt, or regenerated, at the
receiving station, and its object is to simpli-
fy and 1ncrease the reliability of the equip-
ment at the receiving station for rebuilding
short signal impulses. '

Tn a telegraph system it is customary to
transmit current impulses of different length
and polarity in various combinations to rep-
resent different signal characters. Due to

“the excessive attenuation of high frequency

waves on long transmission lines, the short
impuises are sometimes attenuated to a point
where they cannot operate the receiving line
relay although longer impulses are received
with ample strength to control the relays.
To make possible signaling under such
conditions, synchronous vibrating relay sys-
tems comprising relays, special rings on the
synchronous receiving distributor, and some-
times auxiliary apparatus such as condens-
ers, have been employed. These restore, at

5 the receiving station, the short impulses that

have been lost in transmission. The systems
heretofore used have usually required either
a multiplicity of polar relays or the use on

" the receiving distributor of several rings,
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or of two segmented rings with special in-
sulating segments inserted between the live
segments on one ring and in all cases it was
customary to connect the opposite contacts
of some of the polar relays to battery poten-
tial of opposite polarity, which necessitated
the insertion of protective resistances in the
battery leads to avoid danger of short-cir-
cuits from faulty adjustment of the relays.
With protective resistances in the battery
leads an extra relay was required to repeat
the impulses to-a printing distributor.

The present system eliminates the necessi-
ty of using, in a vibratory relay system, more
than two polar relays and more than one

lain and one segmented ring on the receiv-
Furthermore, in this system
the necessity of connecting opposite contacts
of a relay to sources of current of opposite
polarity has been eliminated ; therefore pro-

tective resistances are not required in the bat-

tery leads, and as a result no separate print-
ing relay is required.

The invention, in preferred embodiments,
will now be described and its operation ex-
plained in connection with the drawing in
which: '

Tig. 1 represents a complete system for the
regeneration and printing of signal impulses
‘received over a telegraph conductor;

Fig. 2 contains curves illustrating the
operation of the apparatus in Fig. 1; and

Fig. 8 illustrates an alternative arrange-
ment for repeating impulses to another line.

Referring to Fig. 1, the vibrating relay
circuit proper comprises a main vibrating
relay MVR and auxiliary vibrating relay
AVR, vibrating rings VR, on a receiving
distributor, and the circuit shown in heavy
lines. Both MVR and AVR are high speed
polar relays with two independent windings
on each so disposed that an electron flow
from left to right moves the associated re-
lay tongue to the right and an electron flow
from right to left moves the associated
tongue to the left. The two windings on
the main vibrating relay MVR function in-
dependently of each other, the upper wind-
ing LW being the line winding, which may
be connected to the telegraph conductor Li
through an amplifier as shown, and the lower
winding VW _forming a part of the vibrat-
ing circuit. It should be particularly noted
that the operating current for the lower
winding VW is limited by resistance 7 or
resistance 8 to such a low value that the oper-
ation of the relay is controlled by the line
winding LW, whenever a signal impulse of
any substantial magnitude is received over
the line conductor L. _

. Resistances 3 and 4 are for contact protec-
tion only and do not need to be considered in
following the operation of the system. Like-
Wise resistances 14 and 15 shunted across the
windings.of relay AVR are to improve the
operating characteristics of that relay and
may be disregarded. ' ‘

An explanation of the operation of the cir-
cuit shown in Fig. 1, in connection with the
curves of Fig. 2 will now be made. These
curves represent conditions theoretically.
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Curve 27 represents the form of the wave
transmitted from a distant station on con-
ductor L,, while curve 28 represents the form
of the received current after it is amplified
and applied to the line winding LW of the
main_vibrating relay. Curves 27 and 28
would actually be displaced relatively by an
amount equal to the line time but this dis-
placement has not been shown in the curves.
It will be noted that where impulses of
greater than unit length occur such as from
(@) to (d) and from () to (n), appreciable
current is received, but on the short or unit
impulses of alternately opposite polarity,
such as occur between (d) and (f), (/) and
(%),and (A) and (§), a very small current is
received. Curves 29 and 80 represent the po-
sitions of the relay tongues on the main vi-
brating relay MVR and the auxiliary vibrat-
ing relayAVR, respectively, at any instant
of time, plus values indicating that the
tongue lies against its right contact and minus
values indicating that the tongue lies against
its left contact. The curve 81 indicates the
impulses applied to the printing magnets 22
to 26 inclusive. ,
Assume at instant of time (A) that a long
positive impulse has been transmitted over
the line conductor L, and is holding the main
vibrating relay MVR against its right con-
tact as shown in Fig. 1. At this time brush 32
makes contact with segment 1 and applies
negative current from the common ring 19
through resistance 8, through upper winding

5 of the auxiliary vibrating relay AVR,

through contact 16 and relay tongue 18 of
MYVR to positive battery. This results in an
electron flow from right to left through the
upper winding of AVR and the tongue 13 is

held against left contact 10 as indicated at-

curve 30. No current flows through tongue
13 and the vibrating winding VW of MVR
at this time, but 4t time (B) brush 82 closes
a circuit from segment 2 through resistance
4, resistance 8, winding VW and contact 10
to tongue 13 and positive battery. This re-
sults in an electron flow to the left through
winding VW of MVR, but the relay does not
operate because as shown by curve 28, the
line current in the line winding LW still con-
trols the relay.

At time (C). conditions are the same as
they were at time (A) and a circuit is again
closed causing an electron flow to the left
through the upper winding of auxiliary vi-
brating relay AVR which of course tends to
hold the tongue in the position it is already
in. ’

At time (D) brush 32 again malkes contact
on a segment 2 and applies negative current
through segment 2, resistance 4, resistance 8,
winding VW of the main vibrating relay, con-

tact 10 and tongue 13 of the auxiliary vibrat- -

ing relay to positive battery. This results in
an electron flow from right to left and moves
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tongue 18 to the left, since, as shown at curve
28, the current in the line winding has become
zZero.

At time (E) brush 32 again closes on a
segnent 1, applying negative potential to the
midpoint of the auxiliary vibrating relay
AVR and, since tongue 18 of MVR is closed
on contact 17, causes a flow of electrons from

left to right through the lower winding 6 of

AVR, which moves the relay tongue 13 to the
right against contact 12 as shown in curve 30.

At time (F) when brush 82 again makes
contact on a segment 2, negative current is
applied through resistances 4 and 7, winding
VW of MVR, conductor-12 and tongue 13 of
the auxiliary vibrating relay to positive bat-
tery. This electron flow to the right through
winding VW of MVR moves the tongue 18 to

the right against contact 16, since as shown

by curves 27 and 28 a unit impulse of nega-
tive polarity transmitted from the distant
transmitter causes Insufficient current to be
received in the line winding LW of MVR to
control. its operation, ' _
At time (G) the brush 32 again applies
negative current to a segment 1, current flows
to the left through the upper winding of
auxiliary vibrating relay
16 of the main vibrating relay MVR caus-
ing tongue 13 to move to the left as shown by

curve 30. It will be seen that as long as unit

mnpulses of alternately opposite polarity are
transmitted from the distant station, no cur-
rent of controlling strength will be received
in the line winding LW of the main vibrating
relay MVR and the relay system will auto.
matically vibrate to rebuild the unit impulses.
The operation already followed through is re-
peated periodically until time (L), at which
time, as shown by curve 28, an impulse greater
than unit length has been transmitted from
the distant station and a current of control-
ling strength is flowing in the line winding
LW of the main vibrating relay MVR,
Therefore, when brush 82 applies negative
current through a segment 9, resistance 8,
winding VW of MVR, contact 10 and tongue
13 of the auxiliary vibrating relay, tongue18
of the main vibrating relay does not move to
the left as it did at time (D), because of the
controlling action of the current in the line
winding LW. - Therefore, at time (M) nega-
tive current is still flowing from right to left
through the upper winding of the auxiliary

-vibrating relay AVR and the armature

thereof holds its position against its left con-
tact 10. :

At time (N) the received current in line
LW of MVR has again been reduced to zero
and the negative current applied through a
segment 2, resistance 8 and vibrating winding
VW, contact 10 and tongue 13 of the auxiliary
vibrating relay moves tongue 18 against its
left contact and again starts the automatic pe-
riodic vibration of the armatures.
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Heretofore no description has been given of
the -actual recording of the received and re-
generated signals. In Fig. 1 printing rings

“PR are represented on the receiving distrib-

utor comprising the common ring 20 and a
segmental ring 35 each segment of which is
connected to a printer magnet. In the sys-
tem shown, the Baudot code comprising five
unit pulses is used, and five printer magnets
99 to 26 inclusive have been shown as repre-
senting the equipment for one channel. Tt
is expected that a system of the type described
may comprise a number of channels but the
printer equipment for each channel would be
similar to that shown. Printer magnets or
relays 22 to .26 are of the conventional type,
each having a normal and an operated posi-
tion, the normal position corresponding to a
negative signal impulse and the operated po-
sition to a positive signal impulse. ‘When
operated, the relays lock up until brush 33
has passed over all five segments in a chan-
nel and the recorded code character is print-
ed, after which the locked up relays are au-
tomatically restored to normal position. The
common return from printing magnets 22 to
96 in the first channel is connected to contact
16 of relay MVR, and the common printing
ring 20 1s connected to negative battery.
Brush 33 moves synchronously with brush 32
and as shown by the curves in Fig. 2 the
tongue of the main vibrating. relay MVR
moves in synchronism with the transmitted
signals shown in curve 27. Therefore, when-
ever positive impulses are transmitted from
the distant station, the tongue of the moain
vibrating relay lies to the right and as brush
33 closes on a printing segment there isa flow
of current from negative battery over ring 20,
brush 83, through the printing magnet to con-
tact 16 and positive battery connected .to
tongue 18. Therefore, at time (A) when a
positive impulse is transmitted, tongue 18
will apply an operating impulse to printer
magnet 22. At time (C), a positive impulse
is still being transmitted from the distant sta-
tion and an impulse is applied to printer mag-
net 23. At time (E) a negative impulse 1s
transmitted from the distant station and since
the tongue 18 of the main vibrating relay
lies to the left, a circuit is not closed for the
operation of printer magnet 94 and it remains
in normal position. Again, at time (@), a

- positive impulse is transmitted from the dis-

60

tant station and an impulse is applied by
tongue 18 of the main vibrating relay to print-
er magnet 25. At time (T), a negative im-
pulse is transmitted from the distant station,
tongue 18 lies against its left contact and
printer magnet 26 remains in normal position.

Tt will be noted that the common return con-
ductor from the printing magnets (only four
of which are shown) of the second channel is
connected to contact 17 instead of contact 16

on relay MVR. With more than two chan-

“tongue 18 of the

3

nels the common return conductor from al-
ternate channels would be connected together.
The result of connecting the common return
conductor from channel two, (and all even
numbered channels) to contact 17 of relay
MVTR is to invert the impulses applied to the
printing relays in those channels. This is
done to correct for corresponding inversions
or reversals of polarity at the transmitting
station, known as “channel reversals”, which
are customarily made in order that synchro-
nizing impulses may be transmitted when no
signals are being sent. ;
The system described above eliminates the
necessity of using a special printing relay be-
tween the main vibrating relay and the print-
ing rings of the distributor, but such a relay
may be inserted if desired, or, a repeating re-
lay may be inserted to retransmit the regen-
erated signal impulses to another line. In
Tig. 8 ARR represents an auxiliary repeating
relay which is a double winding, polar relay
similar to auxiliary vibrating relay AVR.
These two windings are connected in series
aiding relation and the midpoint connected to
negative battery while the two terminals 36
and 37 are connected to contacts 16 and 17 re-
spectively of the main vibrating relay MVR.
Since the tongue 18 of main vibrating relay
MVR is connected to positive battery, there
will be an electron flow from right to left
through the upper winding of ARR, when

t=}
tongue 18 of MVR lies against its left contact

.17, and it will move tongue 38 of ARR against

its left contact. On the other hand, when
main vibrating relay lies
against its right contact 16, there will be an
electron flow from left to right through the
lower winding of ARR which will move
tongue 38 to the right. Thus the tongue of re-
lay ARR follows the movements of the tongue
of the main vibrating relay. If the opposite
contacts-of the auxiliary printing relay ARR
are connected to negative and positive battery
respectively, as shown in Fig. 3, and the
tongue 38 connected to a second line L,, im-
pulses received over line L, will be regener-
ated by the vibrating relay system and re-
transmitted over L.

What is claimed is:
¢ 1, Tn a synchronous vibrating relay system.
two polar relays, an operating source con-
nected to the movable contacts of said relays,
and means whereby each of said relays func- -
tions to operate the other as a result of its own
operation. :

9. A¢system in accordance with claim 1
having a circuit operatively connected to one
of said relays to control its operation under
the influence of electrical waves supplied by
an external source which circuit when proper-
ly energized prevents one of said relays from
operating the other.

3. A synchronous vibrating relay system
comprising polar relays and a rotary dis-

70

8J

100

110

115

120

130



4

tributor, a single segmiented distributor ring
and a source of current which in conjunction
with incoming signal impulses constitute,

'with their connecting circuits, the entire con.

trol means for controlling the ‘vibration of
said relays. - o
" 4. In a synchronous normally vibrating re-

. lay system comprising two polar relays, two
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- similar, equally spaced segments, traversed by - con I _ LD :
~.contacts of said relays, a line winding on said

‘main vibrating relay, printing rings on said
“distributor comprising a segmented ring with
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operating windings for each of said relays,
a segmented ring for controlling said relays,
and means for applying an electromotive

force of the same polarity to each segment of .

said ring in succession. .

5. 'In a synchronous vibrating relay system
comprising a polar relay, having an energiz-
ing winding, the method of vibrating said re-

lay with successive current impulses «of like
polarity, which comprises applying said suc-
cessive impulses of like polarity through dif-

winding, -

ferent portions of the energizing
and in opposite directions. ST
6. In a synchronous telegraph system two

polar relays, each having an energizing wind--1rom the
“winding on the other

ing, a movable armature and two opposing

contacts cooperating therewith, a synchron-

ous distributor having a vibrating ring with
a synchronously driven brush, characterized
in this, that the armatures of both relays are
connected to one terminal of a source of cur-

rent, the other terminal of which is connected

to the vibrating ring distributor brush, and
that the energizing circuit for “each relay
winding comprises a distributor segment and
the armature and a contact of the other relay.

7. In asynchronous vibrating relay system,
amain relay and an auxiliary relay, each hav--
ing a movable armature bearing a contact.and’
and an operating -
winding on each relay connected between the
opposing contacts of the other relay, a circuit
for energizing each winding comprising. &
source of electrical energy, and synchronous ;
switching means, connected in series between

opposing contacts therefore,

the movable contact of each relay -and the
operating winding of the other relay, a line

1,730,614

‘able between two fixed contacts, said arma-

ture being connected to one terminal of a
source of electrical energy, a group of print-
ing magnets each having two operating
terminals, one of which is connected to one
of said fixed contacts, and means for periodi-
cally connecting the other terminal of each
printing magnet to. the opposite terminal of
said source of electrical energy in synchron-.

ism with received signals.

10. In a telegraph receiving system ga

ynchronous distributor having a common
ring and a segmented ring, alternate segments
of which are connected together, a main re-

_lay and an auxiliary relay, each of said relays

having a vibrating winding connected to the

fixed contacts of the other relay, a third.con-

fixed - contacts of the other relay, a third

“connection from the  effective mid-point.

of the vibrating winding of one of said

relays to one of said connected group of al-
“ternate distributor segments, an a connection

from the effective midpoint of the vibrating
relay to the second
group of alternate distributor segments, a
source of potential connected between said
common distributor ring and the movable

printer magnets connected between the seg-
ments of said ring and a fixed contact of one
of said relays,

polarity as that. impressed upon the common
vibrating ring, a synchronously moving

-brush’ bridging the common vibrating ring

to the segmented vibrating ring, and a second
synchronously moving brush, bridging the
common - printing. ring to the segmented

“printing ring.

- In witness whereof, T hereunto subscribe
my name this 24th day of October, A. D. 1927.
R WILLIAM A. KNOOP. .

- 'winding on said main relay ‘and’ printing *
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meahs operated in response to ‘current sup-
plied through the movable contact of the main
relay. '

ceiving relay having a fixed contact and a
contact movable in response to received sig-

nals- whereby it makes electrical connection.

with the fixed contact, an operating circuit for
said relay extending through a_distributor

and a winding of said relay, printing mag- -

nets, and means for periodically connecting
each printing magnet in rotation in a series
circuit .comprising a source of electric eur-
rent, the fixed contact, and the movable con-
tact of said relay. ' :

9. In a synchronous telegraph receiving
system, a polar relay operating in response
to received signals having an armature mov-

8. In a telegraph reéeiving system, a re-
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a common printing ring con- -
.nected to.a source of potential of the same
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