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This 1nvent10n relatives to telegraph re-
peaters, more particularly to that type which
is adapted to single line operation either

- with Morse or printing telegraph signals.
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The object of this invention is to provide
a simple arrangement for repeating the sig-
nals free from distortion and at high speed.
Heretofore it has been a common -experience
to find the repeated marking signals cur-

tailed by the travel time of the relay -arma-
As the speed is increased the relay
armature must necessarily spend a dispro--

tures.

portionately longer time in transit from one
contact to the other. This tends to increase
the signal distortion. The trouble is in-
creased if several repeating statlons are added
between the sending and receiving termi-
nals.

According to the present invention two
sets of two relays each may be employed at
a repeating station and in such a manner
that the re-transmitted signals are not ap-
preciably distorted, even at high speed.

Referring to the drawing:

Figure 11s a circuit diagram of a repeater
station embodying a preferred arrangement
of four polar relays as used in the present
invention.

Fig. 2 is an alternatlve fragment of the
diagram showing two neutral relays in place
of two of the polar relays.

‘Two of the relays are line relays havmcr'

three windings each and two other relays,
either of the polar or neutral type, are re-
transmitting relays actuable from' the lme
relays.

In addition to-the four relays sultable
resistances 29 and 33 are prov1ded in the
several circuits to control the energizing force
in the windings as well as in the line. Two
condensers 30 and 81 also function in a man-
ner presently to be explained. The alterna-
tive use of neutral relays as shown in Fig.
2 obviously eliminates the need for the blas-
ing windings 9 and 11°because the sprmgs 32

~take the place of the latter.
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‘The operation of the prefemed embodl—
ment is as follows:
The ampere turns in the line Wmdlng 4

-

of relay 93 and winding 7

of relay 24 are-

SINGLE LINE REPEATER S
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adjusted to. about tw1ce the strength of the

biasing current -through Wlndlngs 8 and 6

respectlvely TFor greater convenience in.ob-
taining this adjustment the res1stances 83
are variable and are placed in’ series with
the biasing windings 3. and 6 respectively.

- So also, the s’mength of the line winding 7

on relay 24 is about twice as great as that

55

of the biasing winding 6.. A markmg signal -

or a closed circuit during idle time in line
1 tends, therefore, to hold armature 13
against its front contact 14, and during a
spacing interval, at which tlme no current
is flowing. thlough the- line 1 the biasing

winding- 3 acts alone in the -opposite. direc-

tion and throws the armature 13 against-its

back contact 15. During the time that sig-' |
na,ls are coming in on line 1, holding Wmd-

ing 5 on relay 93 remains open -circuited. In
the marking position of armature 18 a bias-

ing circuit for relay 24 is maintained from

positive battery, through armature 18, front
contact 14, conductor o7 and. Wmdmg 6 of

relay 24 to necamve battery. - Similarly, wind- -

ng 3 of relay 23 is kept energized while ar-
mature 16 of relay 24 remains in the mark-
ing position, current being carried from posi-
tive battery throuoh armature 16, contact 17
conductor 28 and Wmdlng 3 to neoratlve bat-
tery

-The’ blasmg Wlndmcrs 9 and 11 on relays,
25 and .26 as shown in Fig. 1 respectively,.

tend to hold the armatures of these relays
against their back contacts. In the alterna-
tive  arrangement using neutral relays. 25’

and 26 as shown in Fig. 2, the springs 32

accomplish the same purpose. The two op-
erating windings 10 and 12 of these relays
when enermzef -act with about twice the
force of the blasmo windings or springs and,
therefore, draw up one or the other of- the
armatures 19 and 21 as the case may be, -
Assuming that the operator at the far end

of line 1 opens his key, then biasing winding .

8 on relay 23 will not be opposed by a line
signalling current through line- winding 4
and-armature 18 will be: thrown. against back

- contact 15. 'While this-armature 1s'in trans1t

biasing-winding 6-ef relay 24 will de-ener-
ouze, permlttmrr the armature 16 of this relay
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to remain against contact 17 because of the
continuance of the marking signal through
winding 7 and line 2 at this moment.

Next, the armature 13 will conduct positive
potemml through contact 15 to operating
winding 10 of lehv 25 and thence to holding
Wlndlll“‘ 8 of lehy 24 whenee the circuit is

ompleted to negative battery. Armature 19
of relay 25 bre alks away from contact 20 and
repeats the spacing signal through relay 24
and line 2. Relay 24 ‘does not release, how-
ever, because at the same time that operating
vmdlnﬂ 10 of relay 25 is ener crwed holdmo
Wmdlno § builds up its holding power and
acts to retain armature 16 in the marking
position, puor to the deenergization of line
winding 7. The spacing signal is thus re-
peated to line 2 through line winding 7 of
relay 24 but without distmbmo the armature
16 thereof.

Tt will be noted that in the re-transmission
of the spacing signal over line 2 there is a lag
represented bv the travel time of armature
18 from marking to spacing contacts, because
relay 25 does not operate until the cireuit for
its operating winding 10 has been completed
by armature 13 making with contact 15.
This lag corresponds Wlth the lag in re-trans-
mitting the marking signal as will presently

" be shown and hence d]StOI tion of the re-trans-

mitted signals is negligible.

When a marking smml is again received
over line 1 to energize line winding 4 of relay
23, it acts opposingly to the force of biasing
Wmdlno 8 but with twice the number of am-
pere turns and armature 13 is drawn against
contact 14. While it is in transit oper ‘Ltlnﬂ
winding 10 of relay 25 de-energizes and bias-
ing wmdmo 9 (or spring 8‘) Fig. 2) acts
alone in restoring armature 19 to its back
contact 20 so as to re-transmit a marking sig-
nal over line 2. Before this re- hansmitted
marking signal builds up in line winding 7

and line 2, however, holding winding 8 of
relay 24 nnohu de- enerm/e too qmclJV but
for the presence of condenser 30 which is
shunted across the terminals of holding
winding 8 and its associated resistance 29,
This condenser becomes charged during the
spacing signal and commences to discha AT e
through holdlno winding 8 immediately
upon the dep‘u{m‘o of armature 13 from ﬂs
back contact 15. Thus, the holding force of
winding 8 on relay 24 is prolonged ‘and at no
time du**mo the reception of 31011(115 over line

1 does armature 16 of relay 24 Teave its front
contact 17. Relay 26 cannot operate so long
as armature 16 is held statmnmy Hence, at
no time does the operator at the far end of
line 1 lose control of the repeater unless the
operator at the other end of line 2 wishes
to interrupt by opening his key. In this case
nothing happens during a spacing signal.
With the key cpen in line 2, should the on-
erator on line 1 again close his key, the con-

‘against its spacing contact 18.
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trol will immediately be transferred to the
operator on line 2, and the repeater will act as
follows

Line winding 4 of relay 23 energizes and
moves armature 13 from contact 15 (de-ener-
gizing operating winding 10 of relay 25) and
mamst conmct 14 (to energize biasing wind-
ing 6 of relay 24). Holchno wmdmo 8 of
relay 24 chssmabeb the charge “rom condenser
30 and then biasing Wllldlll” 6 of the same
relay acts alone (because the operator’s key
on line 2 is open) to move armaturc 16
Operating
winding 12 of relay 26 and holding winding
5 of relay 23 are energized and armature 21
breaks away from contact 22, thus opening
the cireuit to line 1 and repeating the spacing
signal thereto. Armature 13, however, is
now prevented from moving since it is lreld
to the marking side by holding winding 5.
Relays 23 and 2.) then become nmctl've S0 thf1t
relay 24 may receive signals from the opera-
tor on line 2 and 1ehy 26 will re-transmit
the same.

From the symmetry of the circuits it is
obvious that the repeater operates equally
well to re-transmit from line to line in either
direction.

It should be noted that where either or
both of the lines have a high inductance the
current in the line windings 4 or 7 would
build up quite slowly. This can be compen-
sated for by adding more capacity to the con-
densers 30 and 81 =0 as to prolong the holding
effect of holding windings 5 and 8.

Tt has been ple\qously stated that the lag
in re-transmitting marking signals is equal
to the lag in re-transmitting spacing signals.
That the lag in both cases is equal becomes
obvious when it is noted that the lag during
spacing signal re-transmission comprises the
time requir ved to de- energize the line winding
of the active line 1e]‘1y the transit time of
its armature, and the time required to ener-
gize the operating winding of the associated
re-transmitting relay; while the lag during
marking smnal re-transmission comprises the
time 1eq1111ed to energize the line winding
of the active line 1'ehy, the time required to
de-energize the operating winding of the as-
sociated re-transmitting relay and the transit
time of its relay armature. If the transit
time of the two relays is equal, and the time
required to energize the line relay winding
is equal to the time required to energize the
operating coil of the associated re- “transmit-
ting velay, then the lag in re-transmitting
hoth types of signals is the same.

What is claimed is:

1. In a single line telegraph repeater, po-
larized input relays having line windings and
biasing windings, a re- transmitting relay op-
erable from cach input relay, and means op-

rable from one of said input relays to shift
1“1'0111 one winding to another the magnetiz-
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ing forces in the other input relay without
moving the armature thereof. =
2. In a single line telegraph repeater, re-
ceiving relays responsive to input line sig-
nals and unresponsive to retransmitted line
signals, each said relay comprising. a line
winding and a normally energized biasing
and a normally de-energized holding wind-
ing, a retransmitting relay operable-from
each receiving relay and comprising a nor-
mally de-energized winding in series with a
contact of said receiving relay and -also in
series with said normally deenergized hold-
ing winding of the other said receiving relay,
and a condenser bridged across the last said
biasing winding. ‘ : ~
3. In a single-line telegraph repeater, plu
ral-winding polarized receiving' relays, re-
transmitting relays, armature tongues for
said relays, and means controlled by the re-
ceiving relay which responds to input signals
to first de-energize one of the windings of
the other receiving relay, secondly to ener-
gize another winding thereof in series with a
winding of one of said retransmitting relays,
and lastly to retransmit through the line-
winding of said other receiving relay a signal
to which said relay remains unresponsive.:
- 4. Ina single line telegraph repeater a-pair

of relays, the first of which is a line relay -
-responsive to input signals and the second. of

which retransmits under control of the first,
a second pair of relays similar to the first
pair but rendered inactive while the first pair
is active, a normally energized biasing wind-
ing and a normally 'deenergized  holding
winding for said line relays; a circuit includ-
ing the back contact of the active line relay,
a winding of its associated retransmitting
relay and said normally deenergized holding
winding of the line relay to be rendered in-
active, another circuit including said normal-
ly energized biasing winding of the last
named relay and the front.contact of the
active line relay, and -means to introduce the

‘same lag between input and:output:signals

whether .changing from marking to spacing
or from spacing to marking. « =

5. In a single line telegraph repeater two
active and two inactive but alternatively
serviceable relays, armature tongues :with
contacts, actuating and line connected wind-
ings therefor, one of which is normally de-
energized, means rendered operative by input
signals to retransmit through one of said in-
active relays after rendering the latter un-
responsive to changes of condition in its line
winding; and a condenser arranged to dis-
charge through one of the windings of said

inactive line relay when the armature of one

of the active relays moves from its spacing
contact. . R

6. In a single line telegraph repeater two
active’ and two inactive but alternatively

serviceable relays, armature tongueswith con-

3

tacts, actuating and line connected windings -

therefor, means rendered operative by input

“signals' to ‘retransmit through one of said

inactive relays after rendering the latter un-
responsive to changes of condition in its line
winding, and a condenser arranged to dis-

charge through a normally deenergized hold-.

ing winding of said inactive line relay during
the travel time of the armature tongue of the
active line relay from spacing to marking
and until the current in the line winding has
built up to a point greater than the value
of the opposing biasing winding. o

7. In a single line telegraph repeater twc
polar line relays comprising three winding
circuits each, two auxiliary relays, armature
tongues. and contacts for 'said relays, a line
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circuit which includes a winding of ‘one line -

relay and a contact and armature of an aux-
iliary relay, a biasing circuit which includes
a winding of one line relay: and the front
contact and armature of the other line relay,
a holding circuit including a winding of one
line relay which is connected in shunt with
a condenser, a winding of one auxiliary re-
lay: and the back contact of the other line
relay, and means to operate two of said re-
lays while the other two relays are held in-
active, S Cn
8. In a single line telegraph repeater com-

prising two Iine relays and two retransmit-
ting relays, the method of rendering one of

'said line relays unresponsive to retransmitted

marking signals which consists in prolong-
ing the effect of a holding winding on'said
line relay by discharging a condenser through
said holding winding when the armature
tongue of the other line relay leaves its spac-
ing contact. '

9. In a single line
prising two line relays and two retransmit-
ting relays, the method of rendering one of
said line relays unresponsive to retransmitted
spacing signals which consists firstly, of de-
energizing a winding normally biased in op-
position to the line connected winding; sec-
ondly, of energizing another winding of said
line relay with a bias in support of the line
connected winding, and lastly, of de-energiz-
ing -the'line connected winding on retrans-
mission of the spacing signal. - ‘

- 10. In‘a single line telegraph repeater con-
nected to two loop circuits, a line relay in each
loop circuit responsive to incoming signals

thereon, a biasing winding and a normally :

deenergized holding winding for each line
relay-connected respectively to the front and
back contacts of the other line relay, and.
two retransmitting relays each of which has
a contact and armature in one loop circuit:

the line relay which is included in the other
loop circuit.. S s

11. In a single line telegraph repeater two
active and’ two. inactive but  alternatively

‘télegi'aph repeater com- 1
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serviceable relays, armature tongues with
contacts, a line winding, a bmsmrr winding
and a normally deener 'Tued holchno Wlnd-
ing, means rendered operative by 1nput sig-
nals to retransmit through one of said inac-
tive velays after 1endelma the latter unre-
sponsive to chanoes of condition in its line
winding, and a condenser arranged to dis-
charge through said normally deenergized
noldmo wrndmo of said inactive line 1'e1‘1y
during the tr avel time of the armature tonoue
of the active line relay from spacing to mark-
ing and until the current in the line winding
has built up.

12. In asingle line telegraph repeater com-
prising two line relays and two retransmit-
ting relays, a line connected Wm(hno, a bias-
ing v»mdmor and a holding winding for each
line relay, an operating Wmdmor for each
1etr‘1nsmlutmrr relay, and means responsive
to the oper ation of the line relay which re-
ceives signals to successively modify the ener-
gizing forces in the three windings of the
other line relay so as to render the Tatter un-
responsive to retransmitted signals.

13. The invention set forth in claim 12 in
which each line relay controls its own retrans-
mitting relay so that one of said retransmit-
ting rdays 1s held inoperative until the di-
rection of signal transmission is reversed.

14 A smnle line telegraph repeater com-
prising line relays responsive to incoming
swn‘ﬂs. two alternatively and opposingly en-
ermzabTG windings one of which is normally
de-ener gized and line connected windings for
each hne relay to render the same unrespon-
sive to outgoing signals and retransmitting
relays at least one w inding of which is in se-
ries with one of the first named opposingly
ene1 eizable windings.

15. Ina single line telegraph repeater com-
puqmo two line relays and two retransmit-
ting relays, means to prevent distortion of
the retransmitted signals comprising two line
relays their armatures having m‘u‘l\mn‘ and
spacing contacts and their cores being t11ple
wound, 1nterco1mect10ns between the contacts
of each line relay and two windings respec-
tively of the other line relay,one of s said wind-
ings being releasable when said line relay
armature leaves its mar king contact and oper-
able upon re-contacting therewlth the other
of said windings bem(r operable when said
line relay armature reaches its spacing con-
tact and releasable upon leaving the same,
and connectlons between the spacing contact
of each line relay and the operating winding
of its assoclated retransmitting relay so as
to operate the latter to retra msmit a spac-
ing signal when the operative line relay arm-
ature reaches its back contact and to retrans-
mit a marking signal with a lag behind the
departure of said line relay armature from
said back contact equivalent to the travel time
of the armature of said retransmitting relay.

1,868,706

16. In a telegraph repeater two relays
either one of which responds to incoming sig-
nals, two retransmitting relays each operable
from one of said smnal -responsive relays, an
operating Wlndmtr for each retransmitting
relay in series with 2 normally deener (Tlled
holding winding of another of said re]aw
and a condenser to prolong the energization
of said holding winding until after the re-
transmitted s10"n‘11 strenoth has been built
up.

17. In a single line repeater, the combina-
tion of a pair of polar line 1elaVs each having
a line winding, a biasing winding and a nor-
mally de-energized hoIdmO‘ Wmdm an en-
ergizing cir cuit for each bmsmﬂ' Wlndlnf" in-
cludlnfr a contact of the other line 1elay, and
an energizing circuit for each holding wind-
ing mcludlno a contact of the other line re-
lfw

18. In a single line repeater, the combina-
tion of two sets of relays each set compris-
ing a polar line relay and an associated re-
tr anqmlttlno relay, cach of said line relays
having a line Wlndmg, a biasing winding,
and a nornnllv de-energized holdlno wind-
ing, an energizing cireuit for each’ biasing
wmdma 1ndudmcr a contact of the other
line 1‘-“L1V an energizing circuit for each hold-
ing winding 1nc1ud1nrr a winding of the as-
sociated re- transnnttmv relay and a contact
of the other line 1‘el‘1y, and biasing means
for each of said re-transmitting relqu

19. In a single line repeater, the combina-
tion of two sets of relays each set comprising
a polar line relay and an associated re-trans-
mitting relay, each of said line relays hav-
ng a Tine Wl'ldmg, a biasing winding, and
a normﬂly de-energized holchnrr winding, an
energizing cirenit for each bmqmo Wmdmrr
mcludlnfr a contact of the other line Iehv,
an energizing circuit for each holding wind-
ing 1nc1ud1ng a winding of the associated re-
tr ‘msnnttmg relay and a contact of the other
line relay, a condenser associated with the
energizing circuit of each holding winding
and adapted when said energizing circuit is
opened to discharge through its associated
holding winding in a direction to prolong
the energization of said holding winding,
and biasing means for each of said re-trans-
mitting relays.

20. In a single line repeater, the combina-
tion of a pair of polar line relays each hav-
ing a line winding, a biasing winding and
a normally de-energized holding winding,
an energizing circuit for cach biasing wind-
ing including a contact of the other line re-
lay, an energizing circuit for each holding
winding including a contact of the other
line relay, a condenser associated with the
energizing circuit of each holding winding
and adapted when said energizing circuit is
opened to discharge through its associated
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holding winding in a direction to prolong the
energization of said holding winding.
21. In a single line repeater, the method
of rendering a line relay irresponsive to mark-
¢ Ing signals re-transmitted through a line
~ winding thereof, which comprises discharg-
ing a condenser through a holding winding
of said relay in order to prolong the energi-
zation of said winding until the current in
10 said line winding has been built up to its
normal strength. R
22. A telegraph repeater comprising, in-
coming and outgoing lines, a relay controlled
jointly by biasing and holding circuits and
15 the outgoing line circuit, means to open the
line outgoing circuit to repeat a signal, and
means to render the biasing circuit ineffec-
tive and the holding circuit effective before.
the opening of the outgoing line circuit. -
20 23. A telegraph repeater comprising in-
coming and outgoing lines, a relay controlled:
jointly by biasing and holding circuits and
by the outgoing line circuit, means to -close-
the outgoing line circuit to send a marking
26 signal, means to open the holding circuit and
then close the biasing circuit, and means for
maintaining the holding circuit effective to.
hold the relay after the closure of the bias-
ing circuit and until current in said outgo--
80 ing line circuit has reached a value sufficient. -
to hold said relay. '
In witness whereof, I hereunto subscribe:
my name this 17th day of June, 1930. c
FREDERICK G. HALLDEN.
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