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1 
This invention relates; to line-circuit communi 

cation systems, and; it more particularly pertains. 
to means for transferring a line: circuit used for 
direct, and for alternating current communica 
tion from one pair of line: wires to, the other. 
In a line circuit communication system, such 

as. a centralized traffic control systém for rail 
roads, conveniently termed a CTC system, a cen 
tral control office governs, traffic through, a part 
ticular, assigned territory by line circuit com 
munication of control, and indication. It is often, 
desirable to locate the control office in a down 
town office building, or the like, remote, from the 
CTC territory with which the control office is. 
associated, in order to take. advantage of central 
office.facilities. Under such conditions, the con 
nection of the office to communication line wires 
at the beginning, of the CTC territory is often ac 
complished through aerial and/or under ground 
cable, or the like, which is necessarily somewhat 
subject to damage as:the result of weather condi 
tions orias, a result of damage by workmen in the 
maintenance of communication, wires which may, 
be closely, associated therewith. It is therefore. 
desirable to...provide spare line wires, preferably 
in different cables and differently routed, to which 
the CTC line circuit can be transferred in case, 
of loss of continuity through one pair of line 
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wires, or in case. of other line circuit difficulties. 
interfering with the communication of controls." 
and indications between the control office and 
the CTC territory with which it is associated. 
An object of the present invention is to provide 

means "responsive to manual designation by an' 
operator at the control office for transfer of a 
CTC line circuit from one pair of line, wires to 
another in a manner so as to isolate one pair of 
line wires- at both ends from the other' pair. 
Another object' of the present invention is to 

render the shifting from one line circuit to the 
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other effective through a carrier repeater station . 
so as to effect the transfer of the circuit extend - 
ing beyond the repeater station in response to 
manual designation of the transferat the º con 
trO] Office. 
Another object of the present invention is to. 

effect...the transfer from one pair of line:Wires; 
to, the other in response: tot manual designation at i 
the control office by means of normally 'deener. 
gized transfer relays which are controlled over. 
the idle line wires in combination with a locally 
energized:transfer stickrelay. 1. 
Another object of the present invention...is: to: 

use: the line circuit transfer means at the repeater. 
station to shift to standby repeater: apparatus: in 
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response to manual designation at the control 
office. 
Other objects, purposes and characteristic fea 

tureS. of the present.invention will be in part ob-. 
vious from the accompanying drawings, and in 
part pointed out as the description of the inven 
tion, progresses. • 

In describing...the invention in detail, reference. 
is made to the accompanying, drawing which illus 
trates...schematically, with some parts shown in 
blöck form,. an organization, för the transfer of . 
a CTC line circuit from one pair of line wires to 
another pair. The symbols. (...) and (-) are 
used in...the drawing as representating connec 
tions to respective positive and negative terminals. 
of Suitable batteries or other sources of "direct 
Cret. 
Inasmuch as the specific character of the CTC transmitting and receiving" apparatus for com 

munication of controls and indications over the 
line circuit has little bearing on the present-in 
vention, for the purpose of simplification of this 
embodiment of the present invention, such ap 
paartus has been indicated on the drawings in 
block form, and it is to be understood that this 
appaartus which is well known to those familiar 
with the - artis": provided - according: to the - re-- 
quirements of practice: If desired, the D.C.-CTC 
transmitting and receiving apparatus can be-dis-- 
closed, for example in the patent to. W. D. Hailes: 
et al. No. 2,399,734, dated May 7, 1946. 
For this embodiment of the present invention, 

it is assumed that both direct current CTC pulses. 
and alternating current: carrier pulses: are trans. 
mitted-over the line wires: illustrated in the draw 
ings. The direct current pulses are used for the 
communication of controls; and indications: to a 
first section of the CTC territory for: which the 
CTC control machines is provided, and the: car. 
rier apparatuSE: is: used for the Communication of: 
controls and indications over the lines wires; and 
through the first section of the CTC-territory to 
a... suitable, converter station: where: the carrier. 
pulses: for the: communication of controls are 
Converted into direct, current: pulses, and thes. 
direct current.indication pulses, received by such, 
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converter station from the second section of the 
CTC. territory, are converted: into::carrier; pulses: 
for communication: through the:first section of: 
the CTC territory and the line: wires illustrated: 
in the drawingston, the control office. It is of 
course: a-matter of choice...as to the frequencies. 
used...fort: carrier communication of: controls and 
indications, and it has been found that carrier 
frequency currents in the band from:10, to 20 kci. 
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are satisfactory, distinctive frequencies being 
generally employed for the communication of 
controls and indications. w 
Because of attenuation of the carrier pulses, 

carrier repeater stations are required at intervals 
for amplification of the carrier pulses, and thus 
the carrier repeater units Nos. 1 and 2 are pro 
vided at the carrier station illustrated in the ac companying drawing for repeating the carrier 
pulses received from the control office into the 
line wires L.f3 and L23 extending in the direction 
of the CTC territory. 
Each of the carrier repeaters illustrated in 

block form in the accompanying drawings is to 
be understood as including electronic amplifica 
tion means for amplifying the respective control 
and indication frequency currents, the wires 0 
and being the in-put Wires for the communica 
tion of controls and the out-put wires for the 
communication of indications for the carrier re 
peater No. 1. The wires 2 and 3 are the out-put 
wires of the carrier repeater No. 1 for the com 
munication of controls and the in-put wires for 
the communication of indications. The carrier 
repeater No. 1 is illustrated as being associated 
with the line wire Lil and L21 as selected by the 
position of the carrier repeater transfer switch 
CTS, such switch being effective in a manner to 
be hereinafter considered to select between 
carrier repeater No. 1 and carrier repeater No. 2. 
It is thus provided that only one of the carrier 
repeaters is used at a time, two identical carrier 
repeaters being provided so as to cause a mini 
mum interruption of service in case of failure of 
the electronic control apparatus associated with 
any one carrier repeater unit. 
the carrier repeater No. 2 can be considered as 
a standby carrier repeater although means is 
provided as herinafter considered for manually 
Selecting as to which repeater is to be the standby 
repeater. - 

The wires (L1 and L21 constitute one pair of 
line wires, which may or may not be in aerial or 
underground cable, for connection of the portion 
of the CTC line circuit, connecting the control 
office and the repeater station, and the wires 2F1 
and 2L21 constitute a second pair of line wires, 
conveniently, called standby wires extending be 
tween the control office and the repeater station 
to which the line circuit can be shifted as re 
quired. It is of course desirable that the respec 
tive pairs of Wires, be routed separately as much 
as possible so as to reduce the possibility of fail 
lure of both pairs of Wires at the same time. In 
a similar manner the wires L2 and L22 con 
stitute one pair of line wires connecting the re 
peater location and the beginning of CTC terri 
tory, and the wires 2L2 and 2L22 constitute the 
Second Or Standby pair of wires extending be 
tween these points. 
At the control office the line transfer switch 

ITS is located convenient to the operator of the 
control machine, preferably on the panel of the 
control machine, and it is provided as a means 
for manual designation of the particular pairs 
of Wires and the particular carrier repeaters that 
are to be used in the line circuit of the CTC com 
munication System. Associated with the line 
transfer switch at the control office is a line 
transfer relay LT, the contacts of which directly 
Select as to which of the pairs of line wires ex 
tending from the control office is to be connected 
to the CTC carrier transmitter and receiver at 
the control office. It is to be understood that 
the relay IT is used in combination with the 
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4. 
line transfer switch LTS particularly for the pur 
pose of facilitating the wiring of the system, and 
that the contact 4 and 5 of the relay LT could 
as well be controlled directly by the line trans 
fer switch LTS if such is the requirements of 
practice, 

Line transfer relays LT and LT2 are associat 
ed with the respective pairs of line wires extend 
ing between the control office and the repeater 
Station so as to be responsive to direct current 
communicated from the control office over the 
particular pair of line wires that has been idle 
in a manner to be more clearly understood when 
considering the mode of operation of the organi 
Zation. In a similar manner, at the beginning 
of the CTC territory, the relays LT 1 and LT21 
are provided for transfer purposes, such relays 
being associated with the respective pairs of line 
wires extending between the repeater station and 
the beginning of the CTC territory. 

Stick relays LTP and LTP1 are provided re 
Spectively at the repeater station and at the be 
ginning of the CTC territory for transfer pur 
poses, such relays being controlled by the associ 
ated relays LTE and LT2 at such locations. A 
relay CTR at the repeater station is used to 
transfer from one repeater unit to the other at 
the repeater station in response to the actuation 
of Switch LTS at the control office. It also is 
used to Select the application of power to the par 
ticular carrier repeater unit that is to be ren 
dered active. 

Having thus considered the general organiza 
tion of the System according to the embodiment 
of the present invention illustrated in the accom 
panying drawing, the organization will herein 
after bemore specifically considered upon con 
sidering typical conditions of operation to be en 
countered in practice. 

Operation. 
It has been illustrated in the drawings that the 

line wires L.f. and L2 are connected so as to be 
in use in the CTC line circuit under conditions 
that may, for the purpose of facilitating the de 
scription of the present invention, be assumed to 
be the normal conditions of the system. Simi 
larly the carrier repeater No. 1 and the line wires 
Ll and IL22 are in use during the normal con 

ditions of the system. 
In accordance with the general principles of 

operation of the above mentioned CTC system as 
disclosed in the patent to W. D. Hailes et al. No. 
2,399,734, the line circuit is normally energized 
during a period of rest when no controls or in 
dications are being communicated and such en 
ergization can be traced to connect the positive 
terminal of the line battery CB to the line wire 
I2 at the beginning of the first section of CTC 
territory, through selections of the CTC appa 
ratus at the control offices, wire L2, back con 
tact 15 of relay LT, wire L21, back contact 18. 
of relay LTP, choke 7, back contact 9 of relay 
LTP, wire L22, back contact 20 of relay LTP, 
and Winding 2 of the impedance matching trans 
former 28. The negative terminal of the control 
battery CB is connected to the line wire L3 at 
the beginning of the first section of CTC terri 
tory through selections of the D. C.-CTC trans 
mitter and receiver at the control office, wire Li, 
back contact 4 of relay LT, wire L1, back con 
tact 22 of relay LTP, choke 6, back contact 23 
of relay LTP, wire Ll2, back contact 24 of relay 
LTP and winding 25 of the impedance matching 
transformer 28. 
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It will be noted from the selection that has just 
been traced for the connection of the control bat 
tery CB to the line wires L3 and L23 that there: 
are no lines transfer relays LT:or IET2°energized 
by the line: circuit at this time as such relays, are energized only momentarily upon shifting to 
the alternate pair of line wires as will be herein 
after considered. In addition to the direct cur 
rent CTC circuit connections as has been just 
described, where there is an A. C. carrier super 
imposed upon the line circuit for a second sec 
tion of the CTC territory, carrier-pulses are also 

l, transmitted through the circuit selections just 
described in that the A. C.-CTC carrier trans 

; mitter and receiver illustrated in blockform in the 
drawings is connected in multiple with the D. C. 
CTC transmitter and receiver to ther wires Ll 
and L2. . . . . . . 

The transmission of the carrier currents, how 
ever, is blocked in the repeater station by the 
choke coils is and 7, and thus rather than being 
directly connected through the repeater station, 
the control carrier frequency currents are fed as 
in-put to the carrier repeater No. 1 in which they 
are amplified and applied as out-put to the line 
wires extending, to the CTC territory, Indica 
tion carrier current pulses are fed back from the 
CTC territory to the control office at a distinctive 
frequency over the same. circuit. 

It is, therefore provided that the carrier, cur 
rent pulses for the communication of controls are 
transmitted from the control office and applied 
across the wires O and of the carrier repeater 
No. 1. The wire L2. of the CTC transmitter at 
the control office is connected to the wire. 8 of 
carrier repeater No. 1 through back contact. 5 of 
relay IT, wire. (L21, back contact 8 of relay. 
LTP and back contact 26 of relay CTR. The 
wire Li, of the CTC transmitters. at the control. 
office is, connected to, the wire. of the carrier 
repeater No. 1 at the repeater station through 
back contact 4 of relay LT, wire. IL, back con 
tact. 22 of relay, LTP and back contact. 27 of relay 
CTR. 
The carrier repeater No. 1 is connected to the 

impedance matching transformer 28 by a circuit 
including wire 2 of carrier repeater. No. 1, back. 
contact.29 of relay CTR, back.contact 9 of relay 
LEP, wire L22, back contact 20 of relay. LTP1, 
winding 30 of the impedace matching trans 
former 28, coupling, condenser. C, winding 3 of 
the impedance matching transformer 28, back. 
contact, 24 of relay LTP1, wire. Li, back contact 
23 of relay LTP, and back contact 32 of relay 
CTR to the wire 3 of the carrier repeater. No. 1. 
The line wires. L3 and L23 are connected 
through the windings 25, 31, 30 and 21, respec 
tively, and the condenser C, all connected in se 
ries. The connections of the.impedance match 
ing transformer 28 as illustrated assume that the 
wires L12 and L22 extending from the repeater 
a relatively, high impedance, as compared to the 
wires L12 and L22 extending from the repeater 
station to the impedance matching transformer 
28. being assumed to be. in a cable having rela 
tively lower impedance. It is to be understood. 
that if no impedance matching is required under 
these conditions, the impedance matching trans 
former 28, is not required and the wires L3 and 
1.23 are energized directly from the contacts of 
the relay. LTP1. The condenser Ci is, included 
in the transformer circuit as a blocking condenser. 
for direct current energization of the line wires. 

It will be seen from the organization as it has 
been described up to this point that there are 
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several possibilities: of failure in the integrity of 
ther line circuit between the control. office and 
the CTC territory which can cause failure of the 
CTC system to operate properly. One of these: 
conditions is in the line wires. If, and L21 either 
of which may become open circuited, or these: 
wires may become short, circuited because of: 
damage to the cable. Similarly the wires; L 2 and 
iL22 extending from the repeater: station to the: 
first section of CTC" territory may become: Open. 
circuited or short circuited to cause... failure of 
proper operation of the CTC System. Because: 
of the carrier, repeater No. 1 at the repeater sta 
tion being dependent, upon electronic tubes,...a 
failure of the electronic: apparatus: can interrupt 
the service between the control office and the 
CTC territory, thus making it desirable to be able 
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to transfer to the stand-by carrier, repeater: ap 
paratus No. 2. 

If failure occurs under any one of more of the 
three above described conditions, the operator at . 
the control office upon...becoming aware of the 
failure, may, by actuation of the line, transfer 
Switch LTS: on the control-panel of the control 
machine, cause the transfer of the D. C. and 
A. C. continication line circuits from the nor-1. 
mal line wires L. f. and E2 to the standby line 
wires 2,1 and 2E2. In response-to, the trar as 
fer being rendered effective at the repeater sta-. 
tion, energy is applied to the standby wires 2L2 
and 2L22 so as to complete the transfer to these 
wires at the location of the beginning of CTC ter 
ritory. Also a transfer is effective to shift from 
the carrier repeater station No. 1 to the standby 
carrier repeater No. 2. 
To consider more specifically the manner in 

Which the above described transfer Operation is 
effective, the actuation of the "switch LTS' at “the 
control office is effective to pickup, the relay IT 
and open the connection of the wires I, and L2. 
to the wires Ldl and IL-21 at back contacts 4 
and 5, respectively. The shifting of contacts 
4 and 5 of relay LT, upon the picking up of 

that relay, connects the wires 2L, f1 and 2L21 to the 
wires and L2, respectively. Because of direct. 
current energy being applied by the D. C.-CTC. 
transmitter at the control office to the wires. 2L fil 
and 2L21 through the front contacts 4 and 5. 
of relay Lt, the relay LT2 at the repeater station 
becomes energized by a circuit extending from 
the Wire at the control office, including front 
contact 4 of relayLT, wire 2.I., back contact 33 
of relay ITP, winding of relay LT2, back contact 
34 of relay LTP, Wire 2L21 and front contact 5 
of relay LT, to the wire L2. 
Upon the picking up of relayLT2, the stick 

relay ITP is nicked up by the closure of front 
contact 35, and the picking up of that relay es 
tablishes a stick circuit extending from (--), in 
cluding back contact 36 of relay Ti, front con 
tact. 37 of relay LTP, and winding of relay. LTP. 
to (-). By this stick circuit, pickup contact 35 
is shunted out, and it is provided that the restora 
tion of relay LTP can be accomplished only by 
the subsequent picking up. of the relay LT at a 
time when an operator at the control officedes 
ignates the restoration to the former line circuit 
by the restoration of the switch LTS to its nor 
mally open position. The picking up of the relay 
LTP, by the opening of back contacts 33 and 34 
deensrgizes the relay LT2 and thus provides that 
the relay IT2 is disconnected from the line cir. 
cuit and dropped away immediately subsequent 
to the picking up of relay LTP. 
The closure of front contact 34, of relay ITP 
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provides that direct current energy is applied 
from Wire 2L21 to the Wire 2L22 through the choke 

and front contact 9 of relay LTP. Similarly 
the wire 2L, f1 is connected to the wire 2.L. 
through front contact 33 of relay LTP, choke 6, 
and front contact 23 of relay LTP. It is thus 
provided that direct current energy is fed from 
the control battery CB at the control office 
through the back contacts 38 and 39 of relay 
LTP1 to the winding of relay T21 at the loca 
tion of the beginning of the first Section of CTC 
territory. - 

The picking up of relay.LT2 by the closure of 
front contact 4) causes the picking up of the re 
lay LTP1 which is maintained picked up by its 
stick circuit extending from (--), including back 
contact 4 of relay LT 1, front contact 42 of re 
lay LTP1, and winding of relay LTP1, to (-). 
The relay LTP1 when picked up connects the 
Wire 2L2 through front contact 38 to the im 
pedance matching transformer 28, and the clo 
sure of front contact 39 of relay TTP connects 
the wire 2L22 to the impedance matching trans 
former 28. It is thus provided by the mode of op 
eration as above described that the D. C.-CTC 
line circuit is shifted to the standby circuits ex 
tending from the control office to the repeater 
station and from the repeater station to the be 
ginning of the first section of CTC territory. 
The carrier current line circuit is necessarily : 

Similarly shifted in that it involves the use of 
the same line wires, and in addition, there is an 
automatic shift from the carrier repeater unit No. 
1 to the carrier repeater unit No. 2. This is ac 
complished by the picking up of the relay CTR 
at the repeater station in response to the pick 
ing up of relay LTP. Relay CTR is picked up by 
a circuit extending from (--), including the front 
contact 49 of relay LTP, contact of the carrier 
transfer switch CTS in its left hand position, 
and winding of the relay CTR, to (-). The 
picking up of relay CTR, by the shifting of con 
tacts 26 and 2 opens the connections to the 
wires ( and of carrier repeater No. 1 and 
closes connections to corresponding wires 43 and 
44 of carrier repeater No. 2. Similarly the shift 
ing of contact 32 opens the connection of the 
wire f3 of the carrier repeater No. 1 and closes 
a connection for the corresponding wire 45 of 
the carrier repeater No. 2. The shifting of the 
contact 29 opens the connection of the wire f 2 
asSociated. With the carrier repeater No. 1 and 
closes a connection for the corresponding wire 46 
associated with the carrier repeater No. 2. In 
a.Smuch as the contacts 23 and 9 have shifted 
upon the picking up of relay ITP the Wires 45 
and 46 are Connected through these contacts re 
Spectively to the wires 21, f2 and 2L22. It is there 
for provided that the transfer in response to the 
actuation of the Switch LTS at the control office 
is effective not only for the shifting from one 
pair of line Wires to the other for both the line 
portion extending between the control office and 
the repeater station and the line portion extend. 
ing between the repeater station and the first 
section of CTC territory, but it is also effective 
to transfer from one carrier repeater unit to the 
other. 

It Will be noted that the local direct current 
power for Operation of the respective carrier re 
peaters is selected by the relay CTR, so as to ap 
ply power only to the particular carrier repeater 
that is used in the carrier line circuit. Thus the 
closure of back contacts 47 and 48 of relay CTR, 
applies direct current power to the carrier re 
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8. 
peater unit, No. 1, and front, contacts 47 and 48 
applies direct current power to the carrier re 
peater unit No. 2. . . . 

If for some reason it is desired to reverse the 
Order of the association of the respective carrier 
repeater units with the normal and standby line 
wires so as to have the carrier repeater No. 2 
normally active when the line wires IL, f1, f21, 
II, and fl22 are in use, the carrier repeater 
transfer switch CTS at the repeater station can 
be actuated to its right hand position to thus 
select that the relay CTR is picked up in re 
Sponse to the closure of back contact 49 of re 
lay LTP as compared to the picking up of this 
relay through front contact 49 of relay LTP as 
has been described. ASSuming that the particular difficulty has been 
remedied in the line circuits and/or carrier re 
peater unit that is normally used, transfer can 
be effected back to these wires which have been 
described as being used under normal conditions. 
In order to accomplish this transfer back to 

the normal channels of line circuit communica 
tion, the operator actuates the line transfer 
Switch LTS back to its normally open position 
and thus allows the dropping away of the relay 
TT. By the opening of front contacts f4 and 5, 
the wires 2L and 2L2 are disconnected from 
the Wires L.f. and L2 at the control office, and 
the closure of back contacts 4 and 5 connects 
the wires T. and L21 at the control office in 
a manner which has been described when con 
Sidering the normal conditions of the system. 
It is thus provided that direct current energy is 
applied from the battery CB to the wires ILI1 
and I2 at the control office at a time when the 
relay ITP is picked up at the repeater station, 
and thus a circuit is closed to energize the relay 
TT extending from the wire L at the control 
office including back contact 4 of relay LT, wire 
fLl, front contact 22 of relay LTP, Winding of 
relay TT, front contact 8 of relay LTP, wire 
I2, and back contact f5 of relay LT, to wire L2. 
Upon the picking up of relay LT?, the opening 

of back contact 36 in the stick circuit for the relay 
TTP causes relay LTP to be dropped away, and 
the dropping away of that relay opens the con 
nection through the repeater station that has 
been established through front contacts 33 and 
34 of relay LTP, and closes circuit connections 
to the Wires I, 2 and L22 through back con 
tacts 22, 8, 9, and 23 to establish circuit con 
nections which have been described when con 
sidering the normal conditions of the system. 
Upon the dropping away of relay LTP, the cir 

cuit for relay LT is opened at front contacts 
22 and 8, and thus that relay is dropped away 
to close back contact 36 and condition the stick 
circuit for the relay LFP so that it can be estab 
lished upon Subsequent transfer to the standby 
line wires. ? 
ASSunning the carrier repeater transfer switch 

CTS to be in the left-hand position as illustrated, 
the carrier transfer relay CTR is dropped away 
upon the opening of its circuit at front contact 
49 of relay ITP, and by the shifting of contacts 
32, 27, 26 and 29 of relay CTR, the carrier re 
peater unit No. 1 is again rendered active and 
the carrier repeater unit No. 2 inactive. The 
shifting of contacts. 47 and 48 of relay CTR, dis 
connects the local source of power from the car 
rier repeater unit No. 2 and connects such source 
to the carrier repeater unit No. 1. 
Having established continuity from the control 

office including, wires, Li and L2, through the re 
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peater, station, and the normal line, wires Li 
and L2, with... the relay. LIP - picked up, the 
relay:LTIl becomes energizedthrough, front con 
tacts 20 and 24, and the picking, up of that relay 
by the opening of back, contact 4, provides, for 
the dropping away of the relay, LTP. Upon the 
dropping away; of relay. LTP, the connections 
from wires. 2L, 2 and 2L22, to the impedance 
matchingstransformer. 28, through front contacts 
38. and 39, of relay. LTR are opened, and the clo 
sure of back; contacts; 20 and 24; connects the 
wiressiL 2 and L22, to the impedance matching 
transformer, in a manner, which has been more 
specifically described. When; considering the nor 
mal conditions of the System. The.opening of 
front contacts; 24 and 29, disconnects the relay 
LT 1.-and-causes that relay to be dropped away 
soi as to close back contact, 4 to condition, the 
stick circuit for the-relay, LTP so that, such stick 
circuit can be-established upon. Subsequent trans 
fer to the standby, wires, 2L2 and 2L22. This 
completes the restoration from, the use of the 
standby line. Wires and standby carrier repeater 
unit No. 2 to the normal line wires; and carrier 
repeater unit No. 1, which are considered to be 
normally used for: communication purposes. 
Although only . a. single-repeater station, has 

been illustrated in this embodiment of the pres 
ent invention, it isto be understood that as many 
repeater stations may be provided as are required 
in practice; the station illustrated being typical of 
otherstations which can be added. It is believed 
that, it should be readily apparent that the mode 
of operation where, a plurality of repeater sta 
tions is involved is comparable to that which has 
been described in that the standby line circuit is 
put together insteps from the control office, and 
restoration to the line wires.normally employed is 
accomplished in a similar manner. 

It is also to be understood that if the line cir 
cuit is short enough so as not to require: a re 
peater station for the communication of carrier 
current pulses that the repeater, station can be 
eliminated, and under, such, conditions, the re 
spective normal; and standby, pairs of line. Wires 
are unbroken between the control office...and.the 
beginning of the CTC territory. Under such con 
ditions the line, transfer. relays LTI and LT 
Will be energized directly from the control Office 
through the respective-normal and standby pairs 
of line: wires with which they are associated. 
Although this embodiment of...the present in 

vention is illustrated as being applied to the use 
of a combination of direct current and carrier 
current communication line: circuits, it is to be 
understood that...the.system; of line transfer:that 
isherein: disclosed is. equally applicable to con 
ditions where only direct current or only carrier 
current communication line circuits are involved. 
If only direct current line circuits are involved, 
no repeater station is required, and the normal 
and standby pairs of line wires are directly con 
nected from the control office to the location at 
the beginning of CTC territory. If only carrier 
current communication line circuits are involved, 
the line transfer organization is provided as illus 
trated in the drawing except that a Source of 
direct current is necessarily connected to the 
wires Li and L2 at the control office as a means 
for energization of the line transfer relays IT 
and LT2. It is to be understood that such direct 
current energization would not necessarily have 
to be steady, but could be selected through a Suit 
able transfer push-button or other momentarily 
actuated means whereby the direct current Would 
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10 
be, applied-to-the-line wires, only, at times, when 
transfer is to be effected. 
Having thus described one specific embodiment 

of the present linyention:relatingto: means for 
transferring. a line circuit of a centralized trafic 
control system from one pair. of line wires to the 
other, it is desired. to be understood...that this 
form is selected to facilitate:the disclosure of the 
invention rather than...to., limit... the.: number of 
forms which, the invention may assume, and it is 
to be further... understood that various adapta 
tions, alterations, and modifications may be ap 
plied to, the specific, form: shown to meet...the 
requirements of practice without in any manner 
departing.from the spirit or scope of the present 
invention, except. a.s.limited by... the appending 
ciaims, , , . - - 

What we claim is: 
1. In a line: circuit, communication system for 

applying.communication. energy to a pair of con 
trol, wires at a location remote from...a control 
office, a normal and a standby pair of line. Wires 
extending from the...office; to the location, manu 
ally operable means at the office. for. Selectively 
applying, energy; to either said normal.or. Said 
standby, pair of line. wires, normally, deemergized 
transfer and stick relays,at saidlocation.normally 
effective to connect said normal pair of line wires 
to said control wires, circuit means for connect 
ing said transfer...relay, across said-standby pair 
of line wires whereby said transferrelay is picked 
up, upon-the-application of energy to said standby 
pair of line wires.at.the. office by, said manually 
operable means, circuit means for energizing said 
stick...relay, in response to the picking up of Said 
transfer relay, and means, responsive, to the pick 
ing lup, of Said, stick...relay.for disconnecting said 
transfer relay...and, for transferring...the connec 
tion of said pair of control wires from said normal 
pair of line, wires, to, said standby pair of line 
Wires. 
2. In a line, circuit, communication system of 

the character described...for applying energy to a 
pair of control wires, at a...location-remote from a 
control office, a normal...and. a. standby pair of 
line wires, extending from the office.to...the local 
tion, manually operable. means...at the...office. for 
selectively applying-energy to either. Said normal 
or said, standby pair, of... line. Wires, a normally 

50. deenergized line transfer...relay at said.location 
associated, with each pair. of line. Wires, a nor 
mally deemergized transfer stick relay at Said 
location, circuit, means, for connecting one of 
said transfer. relays, ito, sand.stanby line Wires 
through a back contact of said stick relay, cir 
cuit means for connecting the other of said trans 
fer relays to said: normal line wires through...a 
front contact of said stick relay, circuit means 
for energizing said stick relay in response to 
the picking up of said one transfer relay and 
for deenergizing said stick relay in response to 
the picking up of said other transfer relay, 
and means selected by said stick relay for Se 
lectively connecting said control Wires to said 
normal or said standby pair of wires. 

3. In a line circuit communication System for 
maintaining communication between a control 
office and a pair of communication wires at a 
remote location, the combination. With normal 
and standby pairs of line wires extending be 
tween the control office and the location and 
means for selectively applying direct current en 
ergy at the control office to one pair of line Wires 
or the other, of line transfer means at the loca 
tion comprising a normally deenergized line 
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transfer relay for each of the pairs of line wires, 
a transfer Stick relay at said location, circuit 
lineans for connecting one of said transfer relays 
acroSS said standby line wires through a back 
contact of said stick relay, circuit means for con 
necting the other of said transfer relays across 
Said normal line. Wires through a front contact, 
of said stick relay, pick-up circuit means for said 
transfer stick relay responsive to the picking up 
of said one transferrelay, and stick circuit means 
for Said transfer stick relay effective to maintain 
that relay picked up only so long as said other 
transfer relay is maintained dropped away. 

4. In a line circuit communication system of 
the character described for maintaining com 
munication between a control office and a pair of 
communication wires at a remote location, nor 
mal and standby pairs of line wires extending 
between Said office and said location, a repeater 
station between said control office and said loca- és 
tion at an intermediate point in said line wires, 
Said repeater station having normal and standby 
repeater units respectively associated with said 
normal and standby pairs of line wires, line 
transfer means including a stick relay at the re 
peater Station Selectively governed in accordance 
With the application of direct current to said 
normal or said standby pairs of line wires at the 
control office, local energization means at the 
repeater station for each of said repeater units 
said means being effective to energize either said 
normal or said standby repeater unit as selected 
by said stick relay, and transfer means at said 
location effective in response to a shift in direct 
current energization at the office from one pair 
of line Wires to the other to transfer the con 
nection of said pair of communication wires at 
that location from one of said pairs of line wires 
to the other. 

5. In a line circuit communication system for 
communication by direct current and alternat 
ing current energy simultaneously over the same 
pair of line wires from a control office to a pair 
of control Wires at a remote location, a repeater 
Station between said control office and said loca 
tion, Said repeater station having normal and 
standby repeater units, normal and standby pairs 
of line Wires extending between the office and the 
location through said repeater station, manually 
Operable means at the control office for selec 
tively energizing either said normal or said stand 
by pair of line Wires, a transfer stick relay at the 
repeater station effective to selectively connect 
Said normal or said standby wires through said 
repeater station, said stick relay also being effec 
tive to Selectively connect said normal repeater 
unit or said standby repeater unit in the line cir 
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cuit, electro-responsive means at the repeater 
station normally connected through a back con 
tact of said stick relay to said standby wires, said 
electro-responsive means being effective to ener 
gize said stick relay in response to the energiza 
tion of Said standby wires by said manually oper 
able means, and means at said location respon 
Sive to the energization of said standby wires for 
transferring the connection of said pair of con 
trol Wires at that location from said normal pair 
of line wires to said standby pair of line wires. 

6. In a line circuit communication system for 
maintaining alternating current communication 
between a control office and a pair of communi 
cation wires at a remote location, normal and 
standby pairs of line wires extending between the 
control office and the location, a repeater sta 
tion at an intermediate point in said line wires 
having normal and standby repeater units, man 
ually operable means at the control office for Se 
lectively energizing either said normal or said 
Standby pairs of line wires with direct current, 
means at said repeater station for connecting 
Said normal pair of line Wires through said nor 
mal repeater unit for alternating current com 
munication, normally deemergized line transfer 
means at Said repeater station responsive to the 
energization of said standby Wires at the con 
trol office and effective to connect said standby 
Wires through said standby repeater unit for al 
ternating current communication, means at said 
repeater station for bypassing said repeater units 
for direct current communication whereby the 
direct current applied to said normal or said 
Standby pair of wires at the control office is ap 
plied effectively to the corresponding pair of line 
Wires extending between said repeater station 
and Said location, and normally deenergized line 
transfer means at said location energized in re 
Sponse to the direct current energization of said 
standby line wires, said line transfer means being 
effective when deemergized to connect said nor 
mal line Wires to said pair of communication 
Wires and effective when energized to connect 
said standby line Wires to said pair of communi 
cation Wires. 

FREDERICK. W. BRIXNER. 
WILLIAM M. BARKER 
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