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"This invention relates to high speed synchro-

nous telegraph systems in which short 51gnal im-
- eeeh time the clutch magnet 9 is energized.

pulses are excéessively attenuated and must be
rebuilt, of regenereted at a repeatmg or reoelv-
ing station.

An object is to sunphfy and mereese the reh-
ability of the equipment at the repeater station

Due to the execessive

~ attenuation of hlgh frequency waves oOn ‘long

| 15

B 20 "tions, synchronous vibrating relay systems com-

- prising relays, special rings on synchronous re-
ceiving distributors, and sometimes apparatus,
such as condensers, had been employed. These

~ restore, at the repeating or the receiving station,
25

 ally required multiplex rotary dlstrlbutors of the
continuously rotating type. |

80
. ing or the repeating station by a pair of polar
. relays cooperating with a synchronous rotary dis-

tributor of the start-stop type.

- 35
- "metallic circuit between stations.
stood that the invention is not restricted to the

. 40
 frequency oarrler end hlgh frequenoy oa,rrler

systems.
Referring to the dremng, the termmel repea,ter |

illustrated comprises a line, or receiving, relay
45

80

transmission lines, the short, or umt length, im-
pulses are sometimes attenuated to a point where
"~ they they cannot operate the receiving line relay -
although longer impulses are received with e,mple |
strength to control the relay. |

To make possible signaling under suoh condl-

the short impulses that had been lost in: tra,ns-
mission. The systems heretofore used ha,ve usu-

- According to the present Imventlon the umt
length 1mpulses are interpolated at the receiv-

The invention

is illustrated and described herein as applied to
a, terminal repeater operating mth a. two~wire

arrangement. shown but may be readily edepted

for use with four-wire metallic circuits, ground

Ferential, two and ohe-way polar, voice

return di

i, a repeating and storing releuf,zr 2, a distributor

| D of the synchronous rotary stort stop type, a

“hregk” relay 84, and two transmitting relays
&5 and 4§. Assoola,ted with the repeater is illus-

trated dmgramma,tloally such portion of a printer

P as is required to show the circuit of the printer

magnet B8.
two sets of brushes, 7 and 8. These brushes,

under oontrol of clutch 25 and a driving motor
(not shown) are caused to rotate across the face
of thelr assoolated vrbratmg segment ring set 51

It is under-

The distributor D is prowded with

(Cl. 178—53. 1) | -
-' end dlstrlbutor oontrol rmg set 52 respectlvely,

both brushes making one complete revolutlon-

To describe. the operation of the repeater cir-

o eult in detail let it be assumed that transmission 5

line L is closed at the distant end and that signal
impulse transmission has not yet started. Under
this condition a- marking current is flowing over

In o telegraph system it is customary to tra,ns—". line L and through the line windings. of the po-

mit current impulses of different length and po-
larity in various combinations to represent dif-
ferent signal ohareoters

Jarized receiving relay . The direction of flow of 10
this marking current is such that its magnetic

effect on receiving relay t causes the armature of -

that relay to be posmoned to its r1ght contact.
At this time, prior: to the start of signal im-

pulse transmission, the armature of the polar- 15 -

ized repeating and storing relay 2 1s. pomtmned
to its right contact and said relay is locked in -

‘that position in a circuit from negative potential,
through resistance 3, right contact and arma-

ture of said relay, resistance 5, to ground through- 20
the upper winding of the relay. With the arma-

ture of relay 2 on its right contact a circuit 1s

oompleted from the negative potential through
resistance 3, over the richt contact and arma-

ture of rela,y 2. conductor 29, vibrating segment 25 '

30, brush .1, v1bret1ng seement 10, conductor 53,
to ground through the lowermost wmdmg of re-
lay ‘1. This lowermost winding of relay 1 will
hereinafter be. referred to as the Vlbra.tmg wmd-

jng of that relay. o 30 |

'The direction of current ﬂow through the 'Vl- |
brotmg winding of. rela,y I, in the circuit just

' traced, is such that the magnetlo force exerted

by the vibrating winding opposes the force being
exerted by the line windings of the relay and 39

tends to move the armature of the relay towards
its left conta ¢t but, since the line winding cur-

rent is more powerful than the vibrating wind-

~ing current, the armature of relay | remains on
‘its right or marking contact in response to the 40

‘line marking current.

Assume now that the tra,nsnusswn of 1mpulses .

over the line is started. The first impulse of any '

impulse series is the start pulse which is spacing,

or positive, and of opposite polarity to the mark- 45 =

ing current. The polarity of the current through

the line windings of relay | therefore is reversed,

but before this reversal has completely taken :
place, and as soon as the magnetic- effect of the
preceding marking line current diminishes, the 60

force bemg exerted by the vibrating winding be- |
comes effective and causes the armature of rela,s:r

1 to move to the left contact of that reley It
will be obvious that the movement of the arma-

ture of rela,y 1 therefore ocours sooner than 1f 55;
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2
it had been dependent solely on the magnetic
eifect of the line windings of the relay in response

to the lme current reversal from marking to

spacing.

~ With the armature of relay | on its left contact
a. circuit is completed from positive pole of bat-

tery over the left contact and armature of relay
&6, left contact and armature of relay I, con-

ductor 28, start segment 26, brush 8, start seg-
ment 27, to negative pole of battery, through the
“winding of clutch release magnet 9, energizing

said magnet which disengages la.tch 24 from
clutch 25.

associated ring sets. As brush 8 leaves segments

28 and 27 the circuit through magnet 9 is opened
and the magnet deenergizes and permits latch 24 .
1o restore to its original position where it will re-
engage cilutch 2% affer one revolutmn of brushes’

T and 8.

~ As brushes 7 and 8 contmue to advence brush'

T contacts segments 1! and 31 and a circuit is
established from the positive pole of battery over

the left contact and armature of relay 44, left

contact and armature of relay |, conductor__ 28,
segment i1, brush 7, segment 3I,

tion of flow and magnitude of the current in the
lower winding of relay 2 is such that it overcomes

of relay 2 therefore moves from its right fo its
left contact in agreement with the movement of
the armature of receiving relay ! in response to

the first incoming impulse over line L. Wlth its

armature on the left contact, relay 2 lecks in that
position in a circuit from positive pole of battery,

through resistance 4, left contact and armature
- of relay 2, resistance 5, to ground through the-
40
armature of relay 2 from the right to the left

upper winding of relay 2. The movement of the

contact reverses the polarity of the potential over
its armature and over. conductor 28, through the
upper windings of relays 44, 45 and 46 , through

rheostat 47, normally closed printer tra'nsmitting-
contacts 48, normally closed contacts of key 49,

to negative pole of battery, through the winding
of printer magnet 58,

by relay 2 to the prinfer P.

- When brush 7 leaves eegments [ and 3l the
circuit through the lower winding of relay 2 is
opened. Relay 2 remains locked W1th its arma-

~ture en its left contact previously set- forth.

As the dlStI'lbU.tOT' brushes continue to advance,
bmsh T passes over g pair of mactwe segments

and. then contacts segments l? and 32 thereby

completing a circuit from pemtwe pole of bat-
tery, through resistance 4, left contact and ar-

‘mature of relay 2, cenductor 29 segment 32,

brush 7, segment (2, conductor 53 to ground
through the mbmtmg winding of rela,y l.
direction of this current flow through the mbmt-
ing winding of relay [ is such that the relay ar-
mature tends to move to its rlght contact.

Assume now that the second incoming im-

pulse which is the ﬁr..:,.t signal 1mpulse is of the
same pelarrty as the first or start impulse

- vibrating winding.

75

When brush 7 contacts segments l3 a,nd 33 a

Clutch 25 engages brushes T and 8
~and causes these brushes to rotate across their

1, to ground
through the lower winding of relay 2. The direc-

- current
the effect of the locking current flowing throush
~the upper winding of the relay and the armature

The first incoming im-.
- pulse or start pulse has therefore been repeated

The

The
~dirvection of current flow threueh the line wmd- ..
ings of relay ! therefore remains unchanged and
the ar‘-ma.,ture of relay | remains on its left con-
tact since the magnetic force exerted bV the line .

windings is gr ee,ter than . the,t exerted by the__

2,022,051

circuit is completed from positive pole of bat-

relays 44 and 1, conductor %8, sezment £3, brush
1, segment 23 to ground through the lower wind-
ing of relay 2. Since relay 2 has previously locked
with ifs armature on its left contact no change
in the position of its armature occurs and the
polarity of the potential connected to the wind-
ing of printer magnet 89, over the circuit pre-
viously traced, remains uncha,nged

tery, over the left contacts and armatures of

b

10

The circuit through the lower winding of relay .

2 is opened as brush 7 leaves segments 13 and 33.
The armature of relay 2 remains on its left con-
tact since the relay is held in that position by
the current flowing through its upper winding
as hereinbefore set forth. Brush 7, after passing
over a pair of inactive segments, negt contacts
segments 14 and 34 thereby completing the cir-
cuit from positive potential through resistance 4,
over the aforementioned brush and segments, to
ground through the vibrating winding of relay {.
The resulting current flow through the vlbratmg

Wlndmg is in the direction which causes the

15

20

magnetic force exerted by that winding to op-

pose the force exerted by the
rent through the line windings of relay .

ow of spacing cur- 25

Let it now be assumed that the third impulse |

incoming over line L is a marking impulse. The
ow through the line windings of relay
1 will therefore reverse in response to the change
from spacing to marking polarity. As the effect

of the magnetic force which was being main-

tained in the line windings of relay § by the pre-

ceding spacing current diminishes, the opposing
force exerted by the vibrating winding predomi-
na,tes and the armature of relay { moves to the
right contact. The positioning of the armature
of relay | is therefore not dependent upon a re-
verse in the line winding magnetic force but is
effected instead by the vibrating winding force

30

35

40

which becomes effective as the existing line wind- |

ing force diminishes upon a line current reversal.
In the feregemg manner, a unit length impulse,
which may have been attenuated to a desree
where it is of insufficient length to produce g line
winding magnetic force capable of changing the
position of the armature of relay I, is Interpo-
lated by the action of the vibr atmg winding of

relay { in conjunction with the vibrating ring

set 51 and brush T of distributor D, and the

proper p051t10n1ng of the armature of relay f is
effected.

When the armature of rele,y { is positioned to

its right contact, in response to the current in the
vibrating winding of relay { to interpolate the
- third 1mpulse as just set forth, the polarity of

the potential on segments i1, 13, 15, 11, 19, 21

45

50

55

and 23, in the circuit over cenductor 28 and the '

armature of relay I, changes from positive to
negative, After leavmg segments 14 and 24,
thereby opemng the circuit through the wbrat-
ing winding of relay |, brush T contacts segments
15 ahd 35 and completes a, circuit from negsative

 pole of battery, over segment (5, over brush 7
~and segment 35, to ground threugh the lower

winding of relay 2. The resultant current flow

through the lower Wmdmg of relay 2 is pgreater
-tha,n and in the opposite direction to, the lock-

ing ecurrent owmg through the upper winding
cf that relay The armature of relay 2 there-
fore moves from the left to the right contact in
agreement with the position of the armature of
relay 1. Negative potential through resistance
3, over the right contact and armature of relay 2,

and through resistance 5§ to ground through the 75

60

65

70



2,022,051

" upper winding of relay 2 locks that relay in its
~ right or marking position. The change in the

* polarity of the potential on conductor 29, by the

10

15
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relay 2, which determines t
potential connected to segments 36, 38, A0 and 42,

‘vibrating winding
~ aforementioned closures through that winding,
is such that the vibrating winding magnetic force

at all times opposes the line winding magnetic
force set up by the line current of the preceding

repositioning of the armature of relay 2, re-

verses the polarity of the potential connected to
the winding of printer magnet 53 thereby re-
peating the third incoming impulse to printer P.

" As the brushes of distributor D continue to ad-

' vance through the remainder of their complete
revolution, the subsequent impulses incoming

over line L. are repeated to the printer P in a
manner similar to that hereinbefore set forth for
the first three impulses.

seements 16 and 36, 18 and 38, 20 and 40, and

59 and 62, completes the circuit through the vi-
brating winding of relay [. Under control of

‘ -

the direction of the flow of current through the

of relay i, upon each of the

impulse. The armature of the storing and re-

peating relay 2 is positioned, 10 agree with the
position of the armature of receiving relay 1, for

the fourth, fifth, sixth and seventh, or stop, im-

~ pulses when brush 1T completes the circuit over
segment pairs 17T and 37, 19 and 39, 21 and 41,
Upon each change

and 23 and 43, successively.
in the position of the armature of relay 2, the
nolarity of the potential applied to the vibrating
winding of relay | and to the winding of printer

macnet 50 is reversed to correspond with the

polarity of the incoming impulse.
The final impulse of each character impulse

‘series, known as the stop impulse, is always a

marking impulse and the armature ol relay | al-

 ways moves to or remains on its right contact
at the conclusion of any series of incoming Im-

pulses. As brush T passes over segments 23 and

43 the armature of relay 2 is positioned to 1its
richt contact by the direction of the flow of cur-

rent through its lower winding in the circuit to
the negative potential over conductor 28 and
" over the armature and right contact of relay I.
The brushes of distributor D have now made a

complete revolution and the released latch 24
re-engages clutch 25 thereby causing the dis-

tributor brushes to come to rest, brush 1 in
“contact with segments 10 and 30, and brush 8
in contact with the start segments 26 and 21.
Negative pole of battery is again connected to
the vibrating winding of relay | in the circuit
traced through resistance 3, over the right con-
tact and armature of relay 2, seement 30, brush

' 1, segment {8, and conductor 53.  The winding

60

of clutch release magnet 9 is again connected to

the armature of relay 1 in the circuit over seg~
ment 27, brush 8, segment 26, and conductor 28.
The repeater circuit is now in the identical con-

- gition set forth at the outset of this description

___.65.

" 4% the point prior to the start of the transmission
of the first series of incoming impulses. For each

succeeding series of signal impulses the first, or

~ start, impulse operates clutch release magnet 9

70

-

‘which causes the distributor brushes T and 8,

under control of clutch 25, to make one complete

revolution. Relays | and 2, in conjunction with
" the segments of distributor ring set ${ and brush

7, interpolate all unit length signal impulses and

~ repeat the incoming signal impulses to printer P
in the manner identical with that hereinbefore
‘described for the first impulse series.

Brush 1, in contacting

the polarity of the

3 _

" Fpom the foregoing description it will be obvi-

ous that, since unit length impulses are locally

regencrated and interpolated, an increase in the

speed of impulse transmission or an increase in
the length of the transmission line, may be real- 5
ized by the use of this invention due to the iact
that the unit length impuises can be shortened
or attenuated beyond the point where ithey could
effectively position the armature of receiving re-
lay i solely by the magnetic force which they 10
produce in the line windings of that reiay. '-

‘What is claimed is: - __ -

1. In a telegraph system, the combination of -
s transmission eircuit, a source of current for

transmitting groups of impulses over said circuit, 15

a relay comprising a line winding for receiving
the impulses from said circuit and a second wind-
ing. an armature and current supply contacts co-
operating therewith, a local circuit including said
second winding arranged when energized to pro- 20
duce a magnetic effect on said armature suf-

.ficient to cause the movemeni thereol, electro-
‘magnetic means serving upon the operation there-

of to energize said winding in said local circuit,
means rotatably operated, for e
ergization of said electromagnetic means and said

local circuit winding whereby said armature is

caused to reverse its position, and other means
responsive to the energization of said line wind-

ing only by the first impulse of each group re- 30 '

ceived over said transmission circuit for start-
ing said rotatably operated means.
2. In combination with a telegraph system, a

receiving relay comprising a line winding, an-
‘armature, current supply contacts cooperating 3b
therewith, local circuit electromagnetic means |

arranged to produce a magnetic efiect on said
armature sufficient to cause the movement there-
of, a relay serving to control the energization of

‘said local circuit, electromagnetic means, and a 40

start-stop rotary device cooperating with said -

1'813:37 for ellergizing S&ld ]_003_1 Clrcmt electromag- -
netic means. - | A

‘3. A system for receiving combinations of start,

‘intermediate and stop impulses in which incom- 45
ing signal impulses of unit length nhot received
“in effective amplitudes, are regenerated and in-

coming signal impulses of plural unit lengths
are received in effective amplitudes, character-

‘ized in this that a line relay and a storing relay °0
~are alternately effective when unit length im- =

pulses are being received to operate each other
through an intermittently rotatable device, sald

" device being arranged to start to rotate through

one revolution only in response to the first im- 99

 pulse of an incoming signal code combination

and stop when the last impulse of said combina- "
tion is received. L
4. A system according to claim 3 wherein the

intermittently rotatable device is a start-stop ro- 60

tary distributor comprising two ring sets, one for
controlling the starting and -the stopping of ro-
tation of said device and the other for causing

“said line and said storing relay to alternately
- operate during the interval that the device is ro- 6%

tating through one revolution when incoming unit

‘length signal impulses are being received. |

- b, A system comprising a circuit for receiving
incoming signal combinations of start, inter- .
‘mediate and stop impulses, a line relay having 0
g plurality of windings for receiving said signal L

~ combinations from said circuit, an armature and - - - -
_contact for said line relay, an intermittently ro- S
tatable device comprising a plurality of receiving
 distributor ring sets and a rotatable member 75

‘ecting the en- o5 o
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therefore, an electromagnet for controlling the
rotation of said member, a storing relay, an ar-
mature and contact for said storing relay, a nor-

- mally deenergized circuit comprising a source of
potential, the armature and contact of said line
relay and a plurality of parallel paths, one ex-~-
tending through the first of said ring sets and

the winding of said electromagnet, and the other

of said paths extending through the second of

sald ring sets and a winding of said storing relay,

said other of said paths providing means for al-
ternately energizing and deenergizing said circuit

guring rotation of said device, and a normally
energized circuit comprising a source of potential,

the armature and contact of said storing relay,

the second of said ring sets and a winding of
said line relay, said normally energized circuit
having a plurality of paths over which it may be
alternately deenerglzed and energized dUI’lng 10~
tation of said device. -

6. A start-stop receiving system for recewmg

combinations of start, code and stop impulses, in .
- which unit impulses following a start impulse

Jlocal

2,022,051

are not received in effective amplitude, compris--

ing a line circuit, a local circuit, a line relay

having line circuit windings and a local circuit

winding, said relay being ineffective in response
to 1Incoming code impulses of unit length but

of two or more unit lengths, a start-stop rotary
distributor and a storing relay connected in said

storing relay, said distributor being arranged to

effective in response to incoming code impulses

circuit and a printer controlled by said

10

rotate through one revolution in response to the

start impulse and to provide through its rota-
tion, for said line. relay and said storing relay
to alternately control the operation of each other

during intervals when unlt length 1mpulses are

being received.

15

7. A system in accordance Wlth claim 6 where- '

in sources of potential of opposite polarities are

respectively connected to the contacts of said

storing relay whereby interpolated unit length 20

impulses in consecutfive sequence are caused fo

be. of altemately opposite polarities.
o | - GEORGE A. LOCKE,
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