
Jan. 6, 1925. 1,521,671 
R. W. DEARDORFF 

CARRIER TELEGRAPH. CIRCUITS 

2 Sheets-Sheet 

INVENTOR 

ATTORNEY 

  



1,521,671 Jan. 6, 1925. 
R. W. DEARDORFF 

CARRIER TELE GRAPH CIRCUITS 

Fied O 

NVENTOR 

MW/e7e/e777 
BY 

ATTORNEY 

  

  



Patented Jan. 6, 1925. 

UNITED STATES 

1,521,671 

PATENT OFFICE. 
RAILPH WARNER DEARDORFF, OF BROOKLYN, NEW YORK, ASSIGNOR TO AMERICAN 

TELEPHONE AND TELEGRAPH. COMPANY, A CORPORATION OF NEW YORK. 

CARRIER TELEGRAPH. CIRCUIS. 

Application filed October 21, 1920. 

7'o all whom it may concern: 
Be it known that I, RALPH. W. DEARDORFF, 

a citizen of the United States, residing at 
Brooklyn, in the county of Kings and State 
of New York, have invented certain Im 
provements in Carrier Telegraph Circuits, 
of which the following is a specification. 
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This invention relates to signaling sys 
tens, and more particularly to systems in 
which telegraph signals are transmitted by 
eans of carrier currents. 
One of the objects of the invention is to 

provide a mechanical telegraph repeater for 
repeating telegraph signals transmitted over 
a carrier circuit to a low frequency telegraph 
line. 
Another object of the invention is to pro 

vide a repeater apparatus for a carrier tele 
graph system, so arranged that the telegraph 
signals will be repeated mechanically by 
translating the carrier frequencies into low 
frequency signals, repeating the low fre 
(uency signals, and then translating the 
signals back into carrier frequencies. 
Another object of the invention is to pro 

vide a repeater apparatus of the character 
just described and to associate therewith an 
ordinary subscriber's circuit or loop so that 
repeated signals may be received in the loop 
or transmitted from the loop to the carrier 
system through the repeater apparatus. 

Another object of the invention is to pro 
wide a system of the character just described 
in which a local subscriber's circuit or loop 
will be arranged for half-duplex operation. 
Other and further objects of the invention 

will be clear from the following description 
when read in connection with the accom 
panying drawing, Figures 1 and 2 of which 
constitute circuit diagrams embodying dif 
Ferent forms of the invention. 

Referring to Figure 1, MLE and MLW 
designate transmission line sections adapted 
for the transmission of carrier currents. A 
transmitting channel TLE and a receiving 
channel RLE are associated with the main 
line section MLE through the balanced 
transformer arrangement 10, a balancing 
network NME being provided in order to 
render the circuits TLE and RLE substan 
tially conjugate. Similarly, a transmitting 
circuit TLW and a receiving circuit RLW 
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are associated with the main line section 
MLW through the balanced transformer 10, 
and the main line section MLW is balanced 
by an artificial line or network MNW. The 
transmitting circuits or channels, TLE and 
TLW, include transmitting amplifiers TAE 
and TAW, while the receiving circuits or 
channels, RLE and RLW, include similar 
receiving amplifiers, RAE and RAW. 
These amplifiers may be of any well known 
construction, as, for example, vacuum tube 
amplifie's. Sources of current, GE and 
GW, adapted to generate current of carrier 
frequency, are provided for the transmitting 
of carrier frequency, are provided for the 
transmitting channels, TLE and TLW, re 
Spectively. These sources may be of any 
known character, but are preferably vacuum 
tube oscillators. Detectors DE and DW are 
associated with the output circuit of the am 
plifiers RAE and RAW, respectively. 
These detector's may be of any well known 
form, such, for example, as the vacuum tube 
detecto's. Polar receiving relays RE and 
RW are associated with the output circuits 
of the detectors through the transformers 
12' and 12, so that the polar relays will re 
spond to the alternating current component 
of the detected low frequency telegraph 
signal. 
A subscriber's loop L is provided for 

interconnecting the transmitting and receiv 
ing channels so that signals received from 
one line section may be repeated over the 
loop to the other line section, at the same 
time actuating signal-responsive means as 
sociated with the loop. Signals may also 
be transmitted from the loop to the line 
sections. For this purpose, balancing net 
works NE and NW are associated with op 
posite ends of the loop, and polar transmit 
ting relay arrangements are included in the 
loop and balancing circuits. One of the 
pola' relay arrangements comprises polar 
relays PE and PE, each having a winding 
included in the loop circuit and another 
winding included in the balancing circuit. 
The all nature of the polar relay PE is 
adapted to control a connection from the 
junction point 13 of the windings of the 
polar relays to the terminals of a divided 
battery 3, said connection also extending 
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over the contacts of the polar receiving re 
lay RE. The armature of the polar relay 
PE controls a circuit of a sounder SE and 
is adapted to open and close the short-cir 
cuit connections 11, whereby the generator 
GE may be short-circuited to interrupt the 
transmission of the carrier frequency to the 
main line section MLE. The polar relay ar 
rangement at the opposite end of the loop 
comprises two polar relays PW and PW, 
each having one winding in the loop circuit 
and a winding in the balancing circuit NW. 
The armature of the polar relay PW con 
trols a connection extending from the junc 
tion point 13 to the pole of the divided 
battery B, said connection extending also 
over the contact of the receiving relay RW. 
The armature of the polar relay PW con 
trols a circuit of a sounder SE and also 
opens and closes the short-circuiting conduc 
to's 11, whereby the generator GW may be 
short-circuited to interrupt the transmission 
of the carrier frequency to the line section 
MLW. 

Further details of the apparatus may be 
understood from the description of the op 
eration, which is as follows: 

Normally, when signals are not being 
transmitted, the carrier frequency is applied 
to the main line section MILE at a distant 
station, and is transmitted at the station il 
lustrated into the channel Ri B, through the 
receiving amplifier RAE to the detector 
DE. While this frequency is being trans 
mitted, the armature of the receiving relay 
RE will rest against its upper contact. At 
the same time, the carrier frequency will be 
applied to the line section MLW at a dis 
tant station, and will be transmitted into 
the channel RLW through the amplifier 
RAW, to the detector DW. During the 
transmission of this frequency, the arma 
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ture of the receiving relay RW will rest 
against its upper contact. Under these cir 
cumstances, it will be seen that positive 
battery is connected to the junction point 
13 and negative battery to the junction 
point 13 so that the two batteries are series 
aiding with respect to the loop L. Con 
sequently, a greater current flows through 
the loop windings of the several polar trans 
mitting relays than flows through the bal 
ancing windings thereof. The all natures of 
these relays are held against their contacts 
as illustrated in the drawing. Consequent 
ly, the short-circuit connections 11 and 11 
are held open and carrier frequencies from 
the generators GE and GW are transmitted 
through the amplifiers TAE and TAW to 
the line sections MLE and MLW, respec 
tively, these frequencies being transmitted 
in the opposite direction from the fre 
quencies applied at the other ends of the 
main line sections. It will, therefoie, be 
seen that when signals are not being trans 
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mitted, a carries frequency is in effect trans 
Initted from one line section to the other 
through the repeater in each direction. 
As the circuit is to operate upon a half 

duplex basis, signals will be transmitted 
in only one direction at a time and the 
signals may be transmitted by interrupting 
the carrier frequency. If, for example, the 
carrier frequency incoming over the line 
MLE is interrupted, each time the carrier 
frequency is interrupted, the detector DE 
causes the pola' relay RE to shift its arma 
ture from negative to positive battery. 
When positive battery is connected over the 
airmature of the relay RE to the junction 
point 13, it will be seen that the battery 
connections at opposite ends of the loop are 
mutually E. and no current flows 
through the loop. The sounders in the 
loop, therefore, release their armatures and 
the upper windings of the polar relays are 
de-energized. The current flow through 
the lower windings of the polar relays PE 
and PE is in a direction opposite to the 
normal current flow, so that these windings 
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tend to hold the armiatures of the relays 
against their normal contacts, thereby pre 
venting the signal from being transmitted 
back to the line section MLE. The current 
flow through the lower windings of the 
polar relays PW and PW, however, is in 
the normal direction. Consequently, the 
arinatures of the said relays are shifted to 
their alternate contacts. The armature of 
the relay PW opens the circuit of the 
sounder SW and closes the short-circuit 
connection 11, thereby interrupting the 
transmission of the carrier frequency from 
the generator GW to the line section MLW. 
The armature of the polar relay PW' opens 
the connection extending from the junction 
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point 13 over the contacts of the receiving 
relay RW and directly connects the point 13 
to the positive side of the divided battery B 
independently of the receiving relay RW, 
so that the condition of the loop can not be 
affected by a signal received by the receiv 
ing relay RW while signals are being trans 
mitted from the line section MLE. 

If signals are transmitted in the opposite 
direction through the other channel, the car 
lie frequency incoming from the line sec 
tion MLW will be interrupted and for each 
interruption, the detector DW will become 
effective to cause the polar relay RW to 
shift its armature to its alternate contact so 
that negative battery will be connected to 
the junction point 13. The battery connec 
tions at both ends of the loop L are now 
negative so that no current flows through 
the loop and the sounder's in the loop (not 
shown) release their al'matures. The cur 
rent flow through the lower windings PW 
and PW is now of such a direction as to 
hold their armatures against their normal 
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contacts, thereby preventing the received 
signal from being repeated back to the line 
section MLW. The current through the 
lower windings of the polar relays PE and 
PE', on the other hand, is in such a direc 
tion that the armatures of said relays are 
shifted to their alternate contacts. The 
almature of the polar relay PE, upon being 
shifted, short-circuits the generator GE, 
thereby interrupting the transmission of 
the carrier frequency to the line section 
MLE, and the armature of the polar relay 
PE' renders the circuit connections con 
trolled by the receiving relay RE ineffective 
so that signals can not be received in the 
loop circuit from said polar relay, while 
signals are being transmitted to the loop 
from the receiving polar relay RW. 

Signals may be transmitted from the loop 
L to the line sections MLE and MLW by 
interrupting the loop by means of the send 
ing key (not illustrated). Each time the 
loop is interrupted, the current flow 
through the upper windings of the polar 
transmitting relays is interrupted and the 
current flow through the lower windings 
of both sets of polar relays is in such a 
direction as to cause their armatures to be 
shifted to their alternate contacts. The 
polar relay PE, therefore, short-circuits the 
generator GE and interrupts the carrier fre 
quency transmitted to the main line sec 
tion MLE and the polar relay PE renders 
the receiving relay RE ineffective to change 
the condition of the loop. Similarly, the 
polar relay PW short-circuits the generator 
GW and interrupts the transmission of the 
carriei frequency to the main line section 
MLW, while the polar relay PW renders 
the receiving polar relay RW ineffective to 
transmit signals to the loop. 

If, While signals are sent from the loop 
L, a “break” signal should be received, for 
example from the line section MLE, the 
carriel frequency which normally is trans 
litted over said line section to the detector 
DE will be interrupted during the con 
tinuance of the “break,’ and the armature 
of the polar relay RE will be shifted to 
lmake contact with positive battery, and will 
'emain in this condition during the con 
tinuance of the “break. Positive battery 
will now be connected at both ends of the 
loop and no current flow through the loop 
can take place. Consequently, the Sounders 
in the loop will not follow the transmitting 
key which interrupts the loop and the op 
erator Will thus be informed that a “break 
signal is being received. When the loop 
is not being used for sending but is re 
ceiving signals transmitted from either 
main line section, a “break' signal may be 
transmitted by opening the loop by means of 
the sending key, and holding it open for 
a considerable interval. When the loop is 

metallic low frequency telegraph line. 
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open, the two sets of polar transmitting re 
lays at each end of the loop will shift their 
armatures to their alternate contacts, where 
they will remain during the continuance of 
the “break.” Consequently, the carrier fre 
quency transmitted to each line section from 
the generators GE and GW respectively, 
will be interrupted and will remain inter 
rupted so long as the “break’ continues. 

Fig. 2 illustrates an arrangement for 
mechanically repeating telegraph signals 
between a carrier telegraph line and a 

In 
this figure, MILW designates a carrier trans 
mission line and MLE a low frequency 
metallic telegraph circuit. The transmit 
ting and receiving channels associated with 
the carrier line MLW are in general similar 
to those illustrated in Fig. 1. In this in 
stance, however, the polar receiving relay 
RW is provided with a main winding 14 
in the output circuit of the detector DW 
and an auxiliary winding 15 controlled by 
the armature of the polar relay PW’. An 
inductance 16 is bridged across the output 
circuit of detector DW to by-pass a portion 
of the direct current component of the de 
tected telegraph signals, the alternating 
cu'rent component passing through a con 
denser 17 to the winding 14. If a portion 
of the direct current component is desired 
to pass through the winding 14, a resistance 
18 may be bridged about the condenser 17. 
The amature of the poiar relay PW' is 
SO arranged that when it rests against its 
normal contact, a connection is extended to 
one pole of the divided battery B so current 
flows through the auxiliary winding 15 in 
such a direction as to produce a pull tend 
ing to shift the armature of the receiving. 
relay RW to its alternate contact. So long 
as the carrier frequency is applied to the 
detector DW, a sufficient direct current 
flows through the resistance 18 to the main 
winding 14, so that a pull, due to the main 
winding is exerted on the armature in the 
opposite direction from that due to the 
auxiliary winding 15, the pull due to the 
Winding 14 being sufficiently greater than 
that due to the winding 15 to hold the arma 
ture against its normal contact. With this 
arrangement, each time the carriel fre 
quency is interrupted, the main winding 14 
is de-energized and the Winding 15 becomes 
effective to shift the almature to its alter 
nate contact. At the beginning and end 
of each interruption, a kick, due to the al 
ternating current component, passes through 
the condenser 17 to assist in shifting the 
arnature in the desired direction. When 
the armature of the polar relay PW is 
shifted to its alternate contact, the connec 
tion is extended from the opposite pole of 
the battery B through the auxiliary wind 
ing 15 to the receiving relay RW. With the 
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circuit in this condition, the current flow 
through the winding 15 is in the opposite 
direction from that previously described, 
and tends to hold the armature of the re 
ceiving relay RW against its normal con 
tact. This prevents the receiving relay from 
responding to received signals when signals 
are being transmitted by the polar relay 
arrangement PW-PW. 
The metallic telegraph line MLE is bal 

anced by an artificial line or network MNE 
and a polar receiving relay RE of well 
known construction, is provided, having 
windings in the metallic line MLE and in 
the balancing circuit. MNE. The armature 
of the receiving relay RE controls the con 
nection f 'on the negative pole of the di 
vided battery 3 is the jitnction point 13' 
of the windings of two polar relays PE and 
PE', having windings included in the loop 
circuit and the balancing circuit NE of 
the loop. The two polar relays PE and 
l'E' are provided so that the two armatures 
will be available which are necessary to 
change the polarity of the current trans 
mitted from the battery 3 to a transmitting 
circuit 19, which is bridged across neutral 
points of the polar receiving 'elay RE. The 
polar relay PE is bridged across the trans 
initting circuit 19 so that said polar relay 
will respond to the currents of opposite 
signs transmitted over the transmitting cir 
("tit is) to the netallic line LE. The 
a nature of the polar relay 'E' is ai'ranged 
so that when a signal is transmitted by 
the transmitting polar relays PE and PE'. 
the circuit extending to the junction point 
13 over the armature of the receiving relay 
RE will be opened and will be independent 
iy established over the armature of the re 
Jay PE to prevent received signals from 
interfering with the signal being transmit 
ted. Auxiliary or vibrating windings 20 are 
associated with the polar receiving relay 
RE, the circuit of these windings being 
controlled by the arjnature of said receiv 
ing relay in a well known manner, so that 
when impulses of opposite sign are received 
by the polar relay RE, a kick or surge of cur 
rent will flow through the vibrating wind 
ings in such a direction as to assist in mov 
ing the animature of the relay in the de 
sired direction. 

Further details of the apparatus may be 
fully understood from a description of the 
operation. When signals are not being 
transmitted over the line MLE, current of 
one polarity is continuously applied to the 
line, and this current is of such a direction 
as to hold the armature of the polar receiv 
ing relay RE against its normal contact, 
which is connected to the negative pole of 
the divided battery B. With the armature 
of the receiving relay RE thus resting 
against its normal contact, it will be seen 
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that negative battery is connected over said 
airmature and the armature of the polar 
relay PE to the junction point 13. 
tive battery is also connected over the nor 
mal contact of the receiving relay RW to 
the junction point 13. Consequently, the 
lattery connections at the two ends of the 
loop L are series-aiding and greater cur 
rent flows through the windings of the 
polar relays associated with the loop than 

Posi 
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flows through the windings included in the 
balancing circuits NE and NW. 

Signals are transmitted from the main 
line section MLE by changing the polarity 
of the citrient normally transmitted. Each 
time an implilse of opposite sign occurs, the 
armature of the polar relay RE is shifted to 
its alternate contact. As the armature 
leaves its normal contact, the battery con 
nection extending to the vibrating windings 
20 of the receiving relay is opened and an 
impulse flows on said windings to assist in 
shifting the armature to its alternate co 
tact. When the armature of the receiving 
relay RE is shifted, negative battery is dis 
connected from the junction point 13 and 
positive battery is connected thereto over 
the alternate contact of the receiving relay. 
Positive battery is now connected to both 
ends of the loop L and no current flows in 
the loop so that the sounders therein re 
spond. 
PE and PE are de-energized and the cur 
rent flow through the lower windings is in 
the opposite direction from that normally 
flowing so that these windings are energized 
to hold the armatures of the relays PE and 
Pl' against their normal contacts. No 
change is, therefore, produced in the polar 
ity of the battery supplied to the trans 
mitting circuit 19 and the repeated signal 
can not be repeated back to the metallic 
line MLE. 
The cessation of the current flow through 

the loop results in de-energizing the wind 
ings of the polar relays PW and PW’ so 
that the lower windings become effective to 
shift the armatures of said relays. The 
armature of the relay PW opens the cir 
cuit of the sounder SW and closes the short 
circuit connections 11, thereby short-circuit 
ing the generator GW to interrupt the trans 
mission of the carrier frequency to the car 
rier line MLW. At the same time, the 
armature of the polar relay PW, upon be 
ing shifted, changes the direction of the cur 
rent flow through the auxiliary winding 15 
of the receiving relay RW and prevents said 
relay from responding to received signals. 
As soon as the impulse of opposite sign 
transmitted over the metallic line MLE 
ceases, a current of normal polarity flows 
thereover and the armature of the receiv 
ing relay RE is shifted to its normal con 
tact. As said armature leaves its alternate 

The upper windings of the relays 
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contact, an impulse of current flows through 
the vibrating winding 20 in such a direction 
as to assist in moving the armature to its 
normal contact. As soon as the armature is 
restored to noi'imai, normal current flows 
through the loop circuit and the amatures 
of the polar relays PE and PW’ are re 
stored to their normal contacts so that the 
carrier frequency in the generator GW is 
again transmitted to the carrie; line MLW. 

Signals may be transmitted over the car 
rier line MLW by interrupting the carrier 
frequency. Each time the carrier frequency 
is interrupted, the detector DW responds by 
interrupting the direct current flowing 
through its output circuit. As no direct 
current now flows through the main wind 
ing 14 of the receiving relay RW, the wind 
ing 15 shifts the armature of the relay to 
connect negative battery to the junction 
point 13, Negative battery is now connected 
to both ends of the loop and the current flow 
through the loop ceases so that the sounders 
in the loop respond. The relays PW and 
PW’ hold their armatures against their nor 
mal contacts, but the relays PE and PE' 
shift their armatures to their alternate con 
tacts, thereby changing the direction of cur 
rent flow to the circuit 19 and the polar re 
lay PE’. This change in the polarity of 
the current flowing to the transmitting cir 
cuit 19 does not effect the receiving relay 
RE which is balanced, but current of oppo 
site sign is transmitted to the metallic line 
MLE. The polar relay PE' responds to 
the change in polarity of the current to open 
the connection over the armature of the re 
ceiving relay RE to the junction point 13, 
and independently connects said iunction 
point to negative battery so that signals re 
ceived by the polar relay RE are ineffec 
tive to produce any change in the current 
condition of the loop L. 

Signals may be transmitted from the loop 
L to both the carrier line MLE and the me 
tallic line MLW by opening and closing the 
loop through the transmitting key, (not ill 
lustrated). When the loop is opened, the 
upper windings of the polar relays 
PE-PE’ and PW PW’ are de-energized 
and the lower windings become effective to 
shift the armatures of said relays so that 
the carrier frequency normally transmitted 
to the main line MILW is interritpted and 
the polarity of the current flowing to the 
transmitting circuit 19 is changed in the 
manner already described. The receiving 
relays RW and RE will also be rendered in 
effective in an obvious manner while the 
signal is transmitted from the loop. The 
effect of “break' signals transmitted to or 
from the loop will be similar, to that de 
scribed in connection with Fig. 1 and need 
not be further considered. 

It will be obvious that the general prin 
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ciples herein disclosed may be embodied in 
many other organizations widely different 
from those illustrated without departing 
from the spirit of the invention as defined 
in the following claims. 
What is claimed is: 
1. In a signaling system, two transmission 

line sections over which carrier currents may 
he transmitted, each line section extending 
from one station to a distant station, a car 
rier repeater arrangement for interconnect 
ing the lines, comprising a carrier receiving 
channel associated with one line section, a 
carrie' transnitting channel associated with 
he other line section, means associated with 
said first channel for translating carrier 
currents into low frequency telegraph sig 
inals, means associated with the transmitting 
carrier channel for translating telegraph 
signals into carrier currents of the same fre 
quency as those received in said first chan 
hel, and a low frequency telegraph circuit 
for interconnecting said translating means. 

2, in a signaling system, two transmis 
sion line sections, each line section extend 
ing from one station to a distant station, a 
repeater apparatus for interconnecting said 
sections, said repeater apparatus comprising 
carrier transmitting channels and carrier 
receiving channels associated with each sec 
tion, means associated with each carrier re 
ceiving channel for translating carrier cur 
rents into low frequency telegraph signals, 
means associated with each carrier trans 
mitting channel for translating telegraph 
signals into carrier currents, and a circuit 
arrange ent for interconnecting the receiv 
ing translating means and the transmitting 
translating means for the transmission of 
telegraph signals. 

3. In a signaling system, two transmis 
sion line sections over which carrier cur 
rents may be transmitted, a repeater appa 
ratus for interconnecting the said sections, 
said repeater apparatus comprising carrier 
transmitting channels and carrier receiving 
channels associated with each line section, 
means associated with each carrier receiv 
ing channel for translating carrier currents 
into low frequency telegraph signals, means 
associated with each carrier transmitting 
channel for translating low frequency tele 
graph signals into carrier currents, and a 
low frequency telegraph loop interconnect 
ing the several translating means so that 
telegraphic signals incoming over either line 
section may be repeated to the loop as low 
frequency signals and repeated from the 
loop to the other line section as carrier fre 
quency signals. 

4. In a signaling system, two transmis 
sion line sections over which carrier cur 
rents may be transmitted, a repeater ap 
paratus for interconnecting said sections, 
said repeater apparatus comprising carrier 
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line Sections over which 

6 

transmitting channels and carrier receiv 
ing channels associated with each line sec 
tion, ineans associated with each carrier re 
ceiving channel for translating carrier cur 
rents into low frequency telegraph signals, 
means associated with each carrier trans 
mitting channel for translating low fre 
quency telegraph signals into carrier cul 
rents, and a low frequency telegraph loop 
interconnecting the several translating 
means so that telegraphic signals incoming 
over either line section may be repeated to 
the loop as low frequency signals and re 
peated from the loop to the other line see 
tion as carrie I' frequency signals. and neas 
associated with said loop whereby low fre 
(uency telegraph signals may be translitted 
through either carrier transmission channel 
to the line section. 

5. In a signaling system, two transmis 
sion line sections ovel' which carric cir 
'ents may be transmitted, a repeatei' ap 
pa'at'is for interconnecting said Sections, 
said repeater apparatus comprising carrier 
transmitting channels and carriel receiving 
channels asssociated with each line section, 
means associated with each carrier receiv 
ing channel for translating carrier currents 
into low frequency telegraph signals, means 
associated with each carrier transmitting 
channel for translating low frequency tele 
graph signals into carrier currents, a low 
frequency telegraph loop interconnecting 
the several translating means so that tele 
graphic signals incoining over either line 
section may be repeated to the loop as low 
fire ency signals and repeated fron the 
loop to the other line section as carrier fre 
quency signals, means associated with said 
loop Vilhereby low frequency telegraph sig 
laals may be transmitted through either car 
rier transmission channel to the line section, 
and means associated with the telegraph 
loop whereby signals transmitted from one 
line section to the other will be recorded 
while being transmitted over the loop as low frequency signals. 

(5. In a signaling systein, two transmission 
carrier currents 

may be transmitted, a repeater apparatus 
for interconnecting said line sections, said 
Tepeater apparati is comprising carrier re 
ceiving channels and carrier transmitting 
channels associated with each line section, 
a low frequency telegraph loop, a balancing 
circuit at each end thereof. polar trans 
hitting relays at each end of the loop hav ing windings in the loop and balancing cir 
cuits, said polar relays controlling the trans 
mission of carrier currents from said trans 
mitting channels to the line sections, means 
associated with each carrier transmitting 
channel for translating carrier currents into 
low frequency signals, receiving relays as 
sociated with each carrier receiving chan 
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nel, means for connecting oppositely poled 
sources over certain contacts of the receiv 
ing relays to the junction point of the 
windings of said polar transmitting relays, 
means for connecting sources oppositely 
poled in the reverse direction to other con 
tacts of said receiving relays whereby upon 
the actuation of either receiving relay, 
mutually opposed sources will be connected 
to the loop. 

7. In a signaling system, two transmission 
line sections over which carrier currents may 
be transmitted, a repeater apparatus for 
interconnecting said line sections, said re 
peater apparatus comprising carrier receiv 
ing channels and carrier transmitting chan 
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nels associated with each line section, a low 
frequency telegraph loop, a balancing cir 
cuit at each end thereof, polar transmitting 
relays at each end of the loop having wind 
ings in the loop and balancing circuit, said 
polar relays controlling the transmission 
of carrier currents from said transmitting 
channels to the line sections, means asso 
ciated with each carrier transmitting chan 
nel for translating carrier currents into low 
frequency signals, receiving relays associ 
ated with each carrier receiving channel. 
means for connecting oppositely poled 
Sources over certain contacts of the receiv 
ing Irelays to the junction point of the wind 
ings of said polar transmitting relays, means 
for connecting sources oppositely poled in 
the reverse direction to other contacts of said 
receiving relays whereby upon the actuation 
()f either receiving relay, mutually opposed 
sources will be connected to the loop, and 
means controlled by said polar transmitting 
'elays for preventing said receiving relays 
from transmitting signals to the loop when 
signals are being transmitted over the loop 
to either polar transmitting relay. 

S. In a signaling system, two transmission 
line sections over which carrier currents may 
be transmitted, a repeater apparatus for 
interconnecting said line sections, said re 
peater apparatus comprising carrier receiv 
ing channels and carrier transmitting chan 
nels associated with each line section, a low 
frequency telegraph loop, a balancing cir 
cuit at each end thereof, polar transmitting 
relays at each end of the loop having wind 
ings in the loop and balancing circuit, said 
polar' relays controlling the transmission of 
carrier currents from said transmitting 
channels to the line sections, means associ 
ated with each carrier transmitting channel 
for translating carrier currents into low fre 
quency signals, receiving relays associated 
with each carrier receiving channel, means 
for connecting oppositely poled sources over 
certain contacts of the receiving relays to 
the junction point of the windings of said 
polar transmitting relays, means for con 
necting sources oppositely poled in the re 
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verse direction to other contacts of said 
receiving relays, whereby upon the actua 
tion of either receiving relay, mutually op 
posed sources will be connected to the loop, 
means controlled by said polar transmitting 
relays for preventing said receiving relays 
from transmitting signals to the loop when 
signals are being transmitted over the loop 
to either polar transmitting relay, and means 
asSociated With said polar relays for connect 
ing Said first mentioned sources to the junc 
tion points of the windings of the polar re 
lays independently of the receiving relays. 

9. Jin a signaling system, two transmission 
line sections over which carrier currents 
Jnay be transmitted, a repeater apparatus 
fo' interconnecting said line sections, said 
repeater apparatus comprising carrier re 
ceiving channels and carrier transmitting 
channels associated with each line sec 
tion, a low frequency telegraph loop, 
a balancing circuit at each end there 
of polar transmitting relays at each end 
of the loop having windings in the loop and 
balancing circuit, said polar relays control 
ling the transmission of carrier currents 
f'On said transmitting channels to the line 
Sections, means associated with each carrier 
transmitting channel for translating car 
lier currents into low frequency signals, re 
ceiving relays associated with each carrier 
receiving channel, means for connecting op 
positely poled sources over certain contacts 
of the receiving relays to the junction point 
Of the windings of said polar transmitting 
Telays, means for connecting Sources oppo 
sitely poled in the reverse direction to other 
contacts of said receiving relays whereby 
upon the actuation of either receiving relay, 
mutually opposed sources will be connected 
to the loop, a transmitting and a receiving 
apparatus included in the loop for trans 
mitting signals from the loop circuit to 
the line sections and for receiving signals 
in the loop circuit from the line sections. 

10. In a signaling system, two transmis 
sion line sections over which carrier cur 
rents may be transmitted, a repeater ap 
paratus for interconnecting said line sec 
tions, said repeater apparatus comprising 
carrie receiving channels and carrier trans 
initting channels associated with each line 
Section, a low frequency telegraph loop, a 
halancing circuit at each end thereof, polar 
transmitting relays at each end of the loop 
having windings in the loop and balancing 
circuit, said polar relays controlling the 
transmission of carrier currents from said 
transmitting channels to the line sections, 
means associated with each carrier trans 
mitting channel for translating carrier 
currents into low frequency signals, receiv 
ing relays associated with each carrier re 
ceiving channel, means for connecting op 
positely poled Sources over certain contacts 
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of the receiving relays to the junction point 
of the windings of said polas' transmitting 
i’elays, leans for connecting sources Op 
positely poled in the revei'se direction to 
Other contacts of said receiving relays, 
whereby upon the actuation of either re 
ceiving relay, mutually opposed sources will 
be connected to the loop, and means con 
trolled by said poiar transmitting relays for 
Di'eventing said receiving relays from trans 
liitting signals to the loop when signals 
are being transmitted over the loop to either 
polai' transmitting Felay, and a transnitting 
and a receiving apparatus included in the 
loo) for tiai) Smitting signals from the loop 
circi it to the line sections and for 'eceiving 
signals in the loop circuit from the line 
Sections. 

it. In a signaling system, two trans 
liaission line sections over which carrier cul 
'ents hay be translitted, a repeater ap 
paratus for interconnecting said line sec 
tions, said repeater appalatus comprising 
cai'i'iei' receiving channels and carrier trans 
mitting channels associated with each line 
section, a low frequency telegraph loop, a 
balancing circuit at each end thereof, polar 
transnitting relays at each end of the loop 
having windings in the loop and balancing 
Circuit. Said joia' relays controlling the 
2. 'sil of callier ("turrents from said 
it': insiinitting chalnnels to the line sections, 
in leans associated with each callier trans 
iting channel for translating carrier cur 

l'ents int?, low frequency signals, receiving 
!'elays associated with each carrier receiv 
ing ('hained, 13 (tails for contecting opposite. 
ls' piled stices over certain contacts of the 
receiving relay's iO the illnetion point of 
the Yildings of said pola transmitting re 
iys, nearls fol' connecting sources oppo 
sitely joled in the revelse direction to 
other contacts of said 'eceiving relays. 
whereby upon the actuation of either re 
ceiving Felay. Yitually opposed sources will 
i.e. connected to the loop, leans controlled 
by said polai' transmitting relays for pre 

ing said 'eceiving relays from trans 
mitting signals to the loop when signals 
a 'e being transi itted ove' the loop to 
(either polai (): Sinitting relay. and means 
associated with said pola 'elays for con 
necting said first mentioned sources to the 
junction) points of the windings of the 
polar relays independently of the receiving 
relays, and a transmitting and a receiving 
apparatus included in the loop for trans 
Initting signals from the loop circuit to 
the line Sections and for receiving signals 
in the loop circuit from the line sections. 

12. In a signaling system, two transmis 
sion line sections over which carrier cur 
Fents may be transmitted, each line section 
extending from one station to a distant sta 
tion, a repeater apparatus for interconnect 
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ing said line sections, said repeater ap 
paratus comprising means for translating 
carrier currents received from one line sec 
tion into low frequency signaling currents, 
means associated with the other line section 
for generating carrier currents of the 
same frequency as those transmitted over 
said first line section, and means for con 
trolling the carrier currents generated in 
accordance with the translated low fre 
quency signals. 

13. In a signaling system, two transmis 
sion line sections over which carrier cur 
rents may be transmitted, each line section 
extending from one station to a distant 
station, a repeater apparatus for intercon 
necting said line sections, said repeater ap 
paratus comprising a detector for detecting 
from received carrier currents telegraph 
signals, a generator of carrier oscillations 
connected with the other line section for 
generating currents of the same frequency 
as said received carrier currents, and means 
for controlling the carrier oscillations 
generated in accordance with the detected 
telegraph signals. 

14. In a signaling system, two transmis 
sion line sections over which carrier currents 
may be transmitted, a repeater apparatus 
for interconnecting said line sections, said 
repeater apparatus comprising a vacuum 
tube detector associated with one line sec 
tion for translating received carrier fre 
quencies into low frequency signals, a 
Vacuum tube oscillato' associated with the 
other line section for generating carrier 
oscillations of the same frequency as said re 
ceived carrier currents, and means for con 
trolling the carrier oscillations generated 
in accordance with the detected low fre 
quency signals. 

15. In a signaling system, two transmis 
sion line Sections upon which a plurality of 
carrier channels may be superposed, each 
line section extending from one station to 
a distant station, a repeater apparatus for 
interconnecting said line sections, said re 
peater apparatus comprising individual 
means corresponding to each channel as 
Sociated with one of said line sections for 
translating the received carrier oscillations 
corresponding to each channel into corre 
sponding low frequency signals, means as 
sociated with the other line section individ 
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ual to each channel for generating carrier 
Oscillations of the same carrier frequency as 
those received by the channel, and means for 
controlling the generated Oscillations corre 
sponding to each channel in accordance with 
the low frequency signals produced by the 
corresponding translating means. 

16. In a signaling system, two transmis 
sion line sections upon which a plurality of 
carrier channels may be superposed, each 
line section extending from one station to a 
distant station, a repeater apparatus for 
interconnecting said line sections, said re 
peater apparatus comprising detectors asso 
ciated with one line section, said detectol's 
being individual to the different carrier 
channels and operating to detect from the 
corresponding carrier frequencies ordinary 
telegraph signals, generators of carrier os 
cillations associated with the other line 
section, each generator being individual to 
a corresponding carrier channel and gen 
erating currents of the same frequency as 
those received in the channel, and means 
asSociated with each generator for control 
ling the carrier oscillations generated in 
accordance with the low frequency tele 
graph signals detected by the corresponding 
detector. 

17. In a signaling system, two transmis 
sion line sections upon which a plurality of 
carrier channels may be superposed, re 
peater apparatus for interconnecting said 
line Sections, said repeater apparatus com 
prising a plurality of vacuum tube detectors, 
one individual to each carrier channel, said 
detectors functioning to translate carrier 
Oscillations received from the corresponding 
carrier channel into low frequency signals, 
a plurality of vacuum tube oscillators as 
Sociated with the other line section, each 
of said oscillators being individual to a cor 
responding carrier channel, and generating 
currents of the same frequency as those 
received, and means associated with each 
oscillator for controlling the oscillations 
generated in accordance with the low fre 
quency signals detected by the correspond 
ing vacuum tube detector. 

In testimony whereof, I have signed my 
name to this specification this 19th day of 
October 1920. 

RALPH WARNER DEARDORFF. 
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