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Claims. 

It is among the objects of my invention to pro 
vide a new and improved system for replacing 
a defective Signaling circuit by a reserve circuit 
in normal condition. Another object is to pro 
Wide a plurality of signaling circuits extending 
side by side, one of them assigned as a reserve 
circuit, and to provide means to connect the re 
serve circuit in lieu of one of the others when 
such other circuit becomes defective. Another ob 
ject of my invention is to provide for sending an 
impulse from the point of origin of a defect on a 
signaling circuit to one end thereof, and thereby 
to connect a reserve circuit at that end and to 
send an impulse the opposite way to make con 
nection of the reserve circuit at the opposite end. 
All these objects, and various other objects and 
advantages of my invention will become appar 
ent, on consideration of an example of practice 
according to the invention, which I will now pro 
ceed to disclose in this specification. It will be 
understood that the following description will re 
late principally to this particular example of 
my invention and that its scope will be indicated 
in the appended claims. 
The drawing is a diagram of a system adapted 

for the practice of my invention. 
In the operation of carrier current cable con 

ductor pairs, there will ordinarily be a large num 
ber of repeaters; for example, in a stretch of ca 
ble extending 400 miles, there may be repeaters 
at intervals of 25 miles, thus making sixteen re 
peater sections for that stretch. In such a sys 
ten the conductor pairs will each be operated 
one way, and telephone transmission will be on 
the “four-wire' system. Each of these one-way 
repeaters at 25-mile intervals may have three 
stages of amplification, which means three vacu 
um tubes. Thus in a 400-mile stretch Such as 
Suggested, excluding repeaters at the ends of the 
stretch, there will be fifteen repeaters each with 
three tubes, making forty-five tuhes along any 
one conductor pair. The failure of a filament in 
any one of these tubes will throw that conductor 
pair entirely out of service and, obviously, at the 
same time render useless the conductor pair serv 
ing in the opposite direction to complete the four 
wire system. By the application of my inven 
tion, such a tube failure will lead to a prompt 
replacement of the conductor pair involved by a 
reserve pair held in condition for normal opera 
tion. - 

In the drawing, one normal conductor pair 
Serving for transmission from east to West is 
shown at 21-22 and the complementary pair for 
Service from West to east is shown at 23-24. 
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These are two pairs out of many in a single cable 
extending, say, 400 miles from station 27 to sta 
tion 28, and with fifteen one-way repeaters dis 
tributed along each pair such as the repeater 25 
in 21-22 and the repeater, 26 in 23-24. 
A reserve pair 29-30 is in readiness for service 

from West to east but is normally not connected 
at 27 and 28. There is a similar reserve pair 31 
32 for service from east to west. 
Further details of the structural arrangement 

of the apparatus involved will be readily gathered 
from the drawing and from the following descrip 
tion of operation. The filaments of the repeater 
tubes in the repeater 26 are in series, energized 
by the 24-volt battery 33, and the filament-heat 
ing current energizes the series relay 34, holding 
its armatures 37 and 38 against their front con 
tacts...Suppose a filament fails in one of the 
tubes of the repeater 26, interrupting the circuit 
of the battery 33. Thereupon the armatures 37 
and 38 move to their back contacts and the arma 
ture 37 closes the circuit of a local alarm or indi 
cator 35. If the station of the repeater 26 is an 
unattended station, the Switch 36 can be set so 
that the alarm or indication will be given at a 
moderately distant place 35 where there is an 
attendant. . 
When the armature 38 drops back it applies a 

source 39 of 4 kilocycle current across the line 
23-24 on the output side of the repeater 26 in 
which the defect has occurred. This being a 
carrier current system there will be several 
channels on each conductor pair having consecu 
tive frequency ranges and the 4 kc. frequency 
will be midway between two. Such ranges so that 
it will be almost if not entirely excluded by the 
band filters which Separate the channels at the 
end, or ends, of the line. . . 
The 4 kc. current goes to the right through the 

remaining repeaters to the right, and at the end 
of the section at 28 it energizes the amplifier-de 
tector 40, which in turn operates the relay 41 to 
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close the armature 42. The anti-resonant cir 
cuits marked “4 kc.' at the right, on line 23-24 
stop the 4 kc. current from going into the next 
section on the right. 
The closing of the contacts at 42 closes a cir 

cuit to the line finder 43 which has been connect 
ed all the time with the ends of the reserve Con 
ductor pair 29-30. At once upon the closure of 
the circuit from 42 into the line finder 43, the lat 
ter connects the ends of conductor pair 29-30 
across the line 23-24 as indicated by the dotted 
lines within the line finder 43. Thus the reserve 
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2 
circuit 29-30 is connected across defective cir 
cuit 23-24 at the right. 
At the same time that the amplifier-detector 40 

and its relay 41 close the armature 42, they also 
5 close the armature 44, applying battery 45 to the 
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circuit of relay 46, which in turn operates to put 
the 8 kc. source 47 across the line 21-22. The 
anti-resonant circuits marked “8 kc.' keep this 
8 kc. current from going to the right on line 
21-22 and it goes to the left over the Whole 
stretch from 28 to 27 through all the repeaters 
such as 25 on the line 21-22 to the end 27 where 
it actuates the amplifier-detector 49. This in 
turn energizes the relay 51 and operates its arma 
ture 52 to close a circuit into the line finder 53. 
This line finder 53 is already normally connected 
to the corresponding end of the reserve conduc 
tor pair 29-30 and at once it operates to con 
nect the reserve pair 29-30 across the defective 
pair 23-24 as indicated by the dotted lines with 
in the line finder 53. The 8 kc. current conning 
into 27 from the right is stopped by the 8 kc. 
anti-resonant circuits 50 from going into the sec 
tion at the left of 27. 
The reserve pair 29-30 is now connected at 

both ends, bridging across the defective pair 
23-24. This connection will be effected in a time 
of the Order of second from the failure at the 
repeater 26, and the interference with conver 
Sations over the four-wire System comprising the 
pairs 21-22 and 23-24 will be negligible. 
There Will be SOne loSS due to the fact that the 

defective pair is bridging the reserve pair that 
has been put in Service, and to a limited extent 

35 

55 

60 

yr 
J. 

the currents of 4 kc. and 8 kc. frequency may 
be audible to those persons using these lines. But 
these disadvantages Will not be serious and they 
will soon be removed, as will now be explained. 
The attendant who gets the alarm at 35 or 35, 

due to the failure in repeater 26, notifies the ter 
minal office at 28, telling, where the burn-out has 
Occurred and giving an estimate of the time when 
it Will be remedied. If the attendant at 28 should 
get no such report within a short time after the 
4 kc. Current has come in there, he should start 
inquiries to locate the office of the burn-out. This 
should be easy because all stations at the right 
of the place of the burn-out will be getting the 4 
kc. tone while those at the left will not be getting 
it. 
AS Soon as the defect in the repeater 26 has 

been remedied, the changes are made at the end 
Stations 27 and 28, which are indicated symboli 
cally, by throwing the switches marked S. Also 
Switch 48 at the east station is thrown from the 
position shown in the drawing. The effect of 
these changes is to connect the conductor pair 
29-30 between 27 and 28 exactly as the pair 
23-24 was formerly connected and to make 23 
24 the reserve pair connected with the line finders 
in the Same Way that 29-30 was formerly con 
nected. 
Whereas the pair 29-30 was provided as a re 

Serve for the failures of any pair operating from 
West to east, the pair 31-32 is provided as a 
reserve in the opposite direction. However, its 
connections at the ends are not shown in the 
drawing because they would be reciprocally simi 
lar to the connections for the pair 29-30, and to 
put them in the drawing would somewhat reduce 
its clearness of disclosure. 
I claim: 
1. A plurality of conductor pairs extending 

between two places, at least one of them being a 
reserve pair, means operative at an intermediate 

1,927,989 
point of failure on another pair to send a corre 
Sponding Signal thereon to one of Said places, and 
means actuated by Said signal at that place to 
connect the reserve pair for service in lieu of such 
other pair. 

2. A plurality of conductor pairs extending be 
tween two places, at least one of them being a 
reserve pair, means operative at an intermediate 
point of failure on another pair to send a corre 
sponding signal thereon to one of said places, 
means actuated by Said signal at that place to 
connect the reserve pair for Service in lieu of 
Such other pair, means to send a signal from that 
place on a normal pair to the other place, and 
means actuated by the signal at the other place to 
connect the reserve pair at that place in lieu of 
the pair on which the failure has occurred. 

3. In a four-Wire signaling System comprising 
two normal conductor pairs respectively for serv 
ice in opposite directions, and a reserve pair, 
means operative at an intermediate point where 
a defect occurs on one of the normal pairs to 
put a special signal thereon to an end of the Sys 
tem, means there governed by Said signal to con 
nect the reserve pair in lieu of the pair in which 
the defect has occurred and also to put a special 
signal. On the normal pair in the opposite direc 
tion to the opposite end of the line, and means 
there operated by the last mentioned signal to con 
nect the reserve pair at that place in lieu of the 
defective pair. 

4. In a carrier current cable signaling System 
operated on the four-wire plan with repeaters, 
means at each repeater to put a Special signal 
ing current on the corresponding conductor pair 
on the output side of the repeater when the re 
peater fails, means at the end of the line on the 
output side of the repeater to connect a reserve 
pair in lieu of the pair involved in the failure and 
to put a special signal on the complementary 
pair for service in the opposite direction, and 
means at the opposite end of the line actuated 
by the last mentioned signal to connect the re 
serve pair at that place in lieu of the pair involved 
in the failure. - 

5. In a carrier current cable System operated 
on the four-wire plan at a plurality of frequen 
cies in bands, a plurality of conductor pairs, re 
peaters associated therewith, means actuated by 
the occurrence of a defect in a repeater to apply 
current of special frequency between the bands 
to the corresponding pair, and means operated 
by the presence of such current to connect a 
reserve conductor pair in lieu of the pair in 
volved in the repeater defect. 

6. The method of maintaining Service in a 
four-wire system when one conductor pair fails 
at a certain point along its length, which consists 
in sending an impulse along Such pair to One end 
and an impulse back therefrom along the other 
pair to the opposite end, and by these impulses 
at the ends connecting an alternative pair in lieu 
of the defective pair. 

7. A plurality of conductor pairs extending be 
tween two places, means to originate an impulse 
at a point of failure on a pair and transmit it 
to both those places and means governed by Said 
impulses as received at Said places to Connect 
an alternative pair at those places in lieu of the 
pair involved in the failure. 

8. A plurality of four-wire carrier current mula 
tiple frequency band signaling circuits compris 
ing conductor pairs side by side between two 
places, some for transmission one way, and some 
the opposite way and each with numerous in 
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terposed repeaters, tube filament heating circuits 
and batteries for the repeaters, relays in these 
last mentioned circuits, Sources of current at a 
frequency between carrier current bands and 
controlled by Said relays for application to the 
respective pairs on the output sides of the corre 
sponding repeaters, appropriate tuned relays at 
said places, and Switching means governed by 
said relays to connect an alternative pair in 
lieu of a pair from which such a tuned relay is 
Operated. 

9. A plurality of four-wire carrier current mull 
tiple frequency band signaling circuits compris 
ing conductor pairs side by side between two 
places, some for transmission one way and Some 
the opposite way and each with numerous inter 
posed repeaters, tube filament heating circuits 
and batteries for the repeaters, relays in these 
last mentioned circuits, sources of current at a 
frequency between carrier current bands and 
controlled by said relays for application to the 
respective pairs on the output sides of the cor 
responding repeaters, appropriate tuned relays 
at said places, another source of current at an 
other frequency between carrier current bands 
at each of said places, additional Switching means 
governed by said last mentioned relays to apply 

3 
such other source to a pair for transmission in 
the opposite direction, appropriate tuned relays 
at said places to be actuated by transmitted cur 
rent of the last mentioned frequency, and Switch 
ing means governed by said last mentioned re 
lays likewise to connect said alternative pair. 

10. A plurality of conductor pairs extending 
between two places, means to originate an in 
pulse of a certain frequency at a point of failure 
on a pair and transmit it to those places, means 
governed by said impulses as received at Said 
places to connect an alternative pair in lieu of 
the pair involved in the failure and anti-resonant 
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circuits in said pairs to stop such impulses from 
going beyond said places. 

11. A plurality of conductor pairs extending 
between two places, one of them being a reserve 
pair, means to originate an impulse at a point of 
failure on a normal pair and transmit it to one 
of those places, a line finder at such place con 
nected with the reserve pair, and means gov 
erned by such an impulse received at such place 
to set the line finder to connect the reserve pair 
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in lieu of the pair on which the impulse was 
received. 
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