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19 Claims.

This invention relates to transmission systems
and more particularly to systems involving unat-
tended repeater stations.

In the development of new types of transmis-

5 sion systems, particularly those employing wide
ranges of frequencies, it is desirable to employ
repeaters spaced at more frequent intervals. Be-
cause of the large number of repeaters involved,

1t is desirable that some of the repeaters be left
10 unattended especially as repeaters have been de-
veloped which are sufficiently reliable in per-
formance to be left unattended in suitable hous-
ings for considerable periods of time.
. Regardless of the degree of reliability which is
15  attained in the development of such unattended
repeaters, however, the possibility of an occasion-
al failure can never be entirely ruled out. Where
more than one unattended repeater is employed
between adjacent attended stations, it is desir-
20. able, in the event of failure of one of the un-
attended repeaters, to have available some means
whereby the attendant at an attended repeater
station may readily determine which unattend-
ed repeater is inoperative. It is one of the pur-
25 poses of the present invention to provide facili-
ties whereby this information may be obtained
at attended repeater points. .
The indication at the attended repeater point
may be based upon the ability of the unattended
30 repeater to amplify (@) the voice, television or
other signals transmitted; or (b) the indication
may be based upon the ability of the amplifier to
transmit a pilot frequency or frequencies.

In a system having so few communication chan-

35 -nels superimposed on it that the signals passing
through the unattended repeater will be inter-
mittent in character, it would be preferable to
base the indication upon a pilot frequency or
frequencies which are continuously transmitted.

40 Various types of signaling systems for indi-
cating failure of a repeater and for determining
the location of the repeater which has failed, may
be provided. For example, the system may be
arranged to fransmit continuously through the

45 unattended repeaters an alternating current
which may be either the normal signaling cur-
rents passing over the system or a special pilot
frequency. Each unattended repester may be so
related to a direct current path common to all

50 of the unattended repeaters of the group, that
upon failure of the repeater to operate, a change
will be produced in the condition of the direct
current path thereby producing a signal at an
attended repeater station. The attendant upon

55 observing the signal may then test over the di-

(CL 177—311)

rect current path to determine the point at which
the change in condition has occurred, as, for
example, by making resistance measurements.

The invention may also be embodied in an ar-
rangement in which, when the repeater fails, the §
location of the repeater may be indicated at an
attended station directly, without the necessity
of any testing operation. For example, instead
of using a direct current path, a plurality of pilot
frequencies, one corresponding to each unattend- 10
ed repeater, may be ‘transmitted over the cir-
cuit from the attended station through the vari-
ous unattended stations. Each unattended sta-
tion is arranged to exercise control over the pilot
frequency assigned to that particular station, 15
and upon the failure of a particular unattended
repeater that repeater will be identified by the
fact that the pilot frequency corresponding
thereto produces no indication at the indicating
point, 20"

Also, the invention may be embodied in an ar-
rangement in which, instead of transmitting sep-
arate pilot frequencies or other signaling cur-
rents for testing purposes over each one-way
transmission circuit of a two-way system, as is 28
contemplated in the arrangements above de-
scribed, a combined indicating arrangement for
both directions may be used. For example, fail-
ure of the unattended repeater for either direc-
tion at a given repeater station may be caused 30
to produce at an attended repeater an indica~-
tion of the station at which the failure has taken
blace. An additional signal individual to each
directional path and common to all of the unat-
tended repeaters in tandem in that path, may be 35
used to indicate failure of any repeater in the
path. By means of the two indications the in-
dividual repeater which has failed may be ascer-
tained. )

While only arrangements corresponding to the 40
first type of system above mentioned are dis-

‘closed herein, the general principles of the in-

vention may be embodied in organizations of
types other than those illustrated, without de-
parting from the spirit of the invention as defined 45
in the claims appended hereto. Systems of the
second type above described, are disclosed and
claimed in the joint application of E. I. Green
and F, A, Leibe, Serial No. 729,923, filed June 9, -
1934, which bears a divisional relation to the 90
present application. Systems of the third type
above described, are disclosed and claimed in an
application of F. A. Leibe, Serial No. 729,921,
filed June 9, 1934,

The invention will now be more fully under- 55
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stood from the following detailed description
thereof when read in connection with the accom-~
panying drawings in which Figure 1 illustrates an
embodiment of the invention employing an auxil-
iary direct current path for indicating the loca-
tion of the repeater which has failed, and Fig. 2
illustrates an arrangement in which the direct
current path for indicating the location of the
repeater which has failed, is derived from the
transmission circuit itself.

Referring to Fig. 1, L designates a portion of
a transmission circuit having attended repeater
stations X and Y with unattended repeater sta-
tions at points {, 2 and 3 between stations X and
Y. An attended repeater Ax is located at station
X, and associated with the output of said re-
peater through a suitable transformer is a recti-
fier Rx. As long as transmission passes through
the repeater Ax the rectifier Rx rectifies a por-
tion of the received transmission and thereby
energizes a relay. The received currents to be
rectified may be either normal signaling currents
or, as previously stated, where the number of
channels normally transmitted is too small to
assure that some signal will be transmitted at all
times, a pilot frequency may be transmitted over
the line L to hold up the relay. If the repeater Ax
or any portion of the transmission circuit ahead
of said repeater should fail, there will be no cur-
rent in the output of the rectifier Rx and the relay
will be released to actuate the alarm signal Sx.

At station Y a similar rectifier Ry is asso-
ciated through a transformer with the output of
the attended repeater Ay, and controls through
its relay an alarm signal Sy. The operation of
the alarin Sy will indicate failure of the repeater
Ay, or fajlure in the circuit ahead of the re-
peater Ay.

At stations f, 2 and 3, unattended repeaters
Ui, U2 and Us, are provided. A rectifier Ry is
associated by means of a transformer, with the
output of the unattended repeater U: and recti-
fies a portion of the output thereof to hold up a
relay. Similarly, a rectifier Rz is associated with
the output of the repeater Us, and a rectifier R3
is asscciated with the output of the repeater Us.
Power for supplying the filament and other oper-
ating currents to the repeaters and rectifiers, may
be supplied either from a local source or from
the line circuit L itself, where the line circuif is
arranged to transmit the power. The power
thus supplied at station ! passes through appa-
ratus P: for regulating the control of the power
to be supplied, thence to the repeater Ui and the
rectifier R1 over the two paths indicated in the
drawings. Apparatus P: may be of any well
known type of power supply equipment. Similar
regulating equipment P2 and P3 are provided at
stations 2 and 3.

In order to indicate failure of an unattended
station, and to enable an attendant at an at-
tended station to locate the position of the re-
peater which has failed, an auxiliary direct cur-
rent path I is provided and associated with one
end of this path, at the station X, for example, is
g direct current relay whose armature controls
an alarm signal Sx’. Each of the relays in the
output of one of the rectifiers Ri, Rz and Rs, by
means of its contact controls a short circuit for
the direct current path L’. Consequently, if one
of the unattended repeaters as, for example, U,
should fail, the rectifiers Rz and R3 will no long-
er be supplied with current to rectify, and, con-
sequently, the relays will release and close short
circuits across the path L’ at stations 2 and 3.
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This causes a signal at station X, and also causes
the alarm Sx’ to operate. The attendant at sta-
tion X upon observing this alarm, will then con-
nect the testing equipment Mx to the path L’ to
locate the nearest point along the path L' at 5
which the short circuit was applied. The test-
ing equipment Mx may be of any known type,
such as an ordinary Wheatstone bridge, for mak-
ing a resistance measurement which will indi-
cate the location of the short circuit. The at- 10
tendant thus learns that the frouble is at station

2 and a maintenance man may be sent to sta-
tion 2 to overcome the difficulty.

As already stated, the rectifiers and alarms
such as Sx and Sy, associated with the attended 15
repeaters, indicate to the attendant at such re-
peater that signal currents passing his station
have been interrupted. This makes it possible
for the attendant who receives the alarm pro-
duced by Sx’ and which indicates repeater failure, g
to check with the next succeeding attended sta~
ion and thereby single out those infrequent cases
where the alarm produced by Sx’ results merely
from failure in the auxiliary rectifier circuit at
the unatfended repeater station, and not from gg
failure in the main transmission path.

The arrangement above described provides for
transmission in one direction only, and it will be
understood that for the path transmitting in the
opposite direction the equipment may be dupli- gg
cated.

Fig. 2 shows an arrangement somewhat similar
to that of Fig. 1, but in this case the direct cur-
rent path is derived from the transmission cir-
cuit itself. Also, the transmission circuit is em- g5
ployed for transmitting the power supply to the
varicus attended repeaters. In Fig. 2 two trans-
mission paths LE and LW are shown for trans-
mitting in opposite directions. Each of these
paths is shown as comprising a concentric con- 4g
ductor type of transmission circuit in which an
cuter cylindrical conductor surrounds and acts
as the return conductor for an inner conductor
which may also be cylindrical. Attended re-
peaters WA: and EAx are associated with the 45
lines LW and LE at station X, and, similarly,
attended repeaters WAy and FAy are associated
with the lines at station Y. Unattended repeaters
WU: and EU: are associated with lines LW and
LE, respectively, at station {, and, similarly, un- 50
attended repeaters WUz and EU: are located at
station 2. Likewise, unattended repeaters WUz
and EUsz are located at station 3.

In the system shown it is contemplated that a
pilot frequency f1 will be at all times transmitted gy
over the circuit LE, for example, and, of course, a
similar pilot frequency will be transmitted in the
opposite direction over the circuit LW. Af the
station X the equipment ETx is bridged across the
output of the repeater EAx for indicating failure. gg
Some of the energy of the frequency fi is selected
from the output of the repeater EAx by means
of the tuned circuit TCx and reetified by means of
a rectifier Rx to hold a relay operated. If ahy
failure occurs in the repeater EAx or in the line gg
ahead of said repeater, the relay associated with
the rectifier will release its armature and actuate
the alarm Sx to notify the attendant. A similar
equipment WTx is associated with the output of
the attended repeater WAx.

Likewise, at the station Y an equipment ETy
comprising a tuned circuit TCy, rectifier Ry and
alarm signal Sy, is associated with the output of
the attended repeater EAy to indicate failure of
said repeater or failure in the line ahead of said {5
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repeater.- Again, as at station X, similar equip-
ment WTy is associated with the output of the
unattended repeater WAy at station Y.

- Unattended repeaters EUi, EUz and EUs are in-
cluded in the line LE at unattended stations 1, 2
and 3, respectively. Similar unattended re-
peaters WU:, WUz and WUz are included in the
line LW at the unattended -stations i, 2 and 3, re-
spectively. The operating power current, such as
the filament current, etc., of the repeaters:at
stations { and 2, is supplied from the attended
station X over the inner conductors of lines LW
and LE. Similarly, the operating power current
for the repeaters at station 8 are supplied over the

- inner conductors of the lines from station ¥.

" The power supply at station X is connected
through a filter PFx adapted to pass the 60 cycle
power current to the two inner conductors, re-
spectively, of the lines LW and LE. Filters WSFx
and ESFx are included in the lines ahead of the
power connections. These filters serve to pass
the signal frequencies and the pilot frequencies,
such as frequency fi, but discriminate against
the power currents and direct currents, which

-may be transmitted over the line as described

later. At station { the power currents are by-
passed around the repeaters WU: and EU: by by-
pass connections from the inner conductors
through power filters PF; and Py’ to connections
leading, respectively, to the two inner cenductors
of the next section of each of the lines LW and LE.
Between the filters PF: and PF1’ connections lead
to the power regulating apparatus P: which may
include transforming and rectifying equipment
for supplying power to the amplifier WU, Simi-
larly, connections lead to the power regulating
for repeater BUi. Filters WSH:

and WSF1’ are arranged on either side of the

repeater WU: to pass the signal and pilot fre- -

quencies, but to discriminate against 60 cycle
power current and against direct current. Like-
wise, filters ESF: and BESF are arranged on
either side of the repeater EU: for the same pur-
pose.

Af station 2 tb° power connections lead from
the inner conductors of each of the transmission
lines through a power filter PFs to power regulat-
ing apparatus P2 and P2’ for supplying power to
the repsaters WUz and EU2. No connections are
provided at station 2 for carrying the power up
to the next sections of the lines LW and LE heyond
station 2, as the power for station 3 is supplied
from the other end of the system. Filters WS
and WS¥o' are connacted in the line LW on
either side of the repeater WU: for discriminating
against 60 cycle rower and direct current while
passing the signal and power frequencies. Like-
wise, filters ESF: and ESFy’ are connected in the
line LE on either side of the repeater EU: for a
similar purpose.

For supplying powsr to station §, 60 cycle power
is connected through the filter PFy at station
¥ to the inner conductors of the lines LW and
LE, and is transmitted over said inner conductors
to station 8 where taps are taken off from the
inner conductor and led through the power filter
PFy’ to the power regulating equipment P3 and
P3’ which is used for supplying the power to the
repeaters WUs and BEUs, respectively. Here, also,

‘the power is not passed beyond station 3 to the

conductors leading to station 2 because station 2
is supplied with power from station X. Filters
WSFy and ESFy are provided in the lines LW and
LE at station Y for passing signal and pilot fre-

quencies while discriminating against 60 cycle -

3
current and direct current. Algo, filters WSF:
and WSPF;’ are inserted on either side of the re-
peater WUs, and filters ESF: and ESF3’ are in-
serted on either side of the repeater EUs in a
manner similar to that described in connection
with station | for the same purpose.

In order to signal the failure of an unattended
repeater and to determine the location of said
repeater by testing over a direct current path,
equipment ETY’ is bridged across the conductors
of the line LE at stafion X. This equipment in-
cludes a filter DCFx for passing direct current,
but discriminating against alternating curreht,
the filter being connected by means of a switch
to g direct current relay and source of current
for operating an alarm Sx* or to the testing
equipment Mx for making resistance measure-
ments to determine the location of the fault. This
testing equipment may be, for example, a Wheat-
stone bridge arrangement as already stated in
connection with Fig. 1. Equipment similar to
ETy’ is bridged across the line LW at station Y,
as shown at WTy', for signaling the failure of a
repeater in the line LW and for locating the re-
peater which has failed.

Apparatus is provided at each of the stations
f, 2, and 3, for segrsgating the direct current
path from the line conductors, and for short-
circuiting or otherwise controlling the path in
response to failure of the repeater. For example,
at station I there are associated with the line LE
bridge connections which lead through direct cur-
rent filters DCF; and DCF1’ to bridge connections
across the next section of the concentric con-
ductor. ' The two sets of bridge connections are
made on-either side of the filters ESF: and ESFY’
of the main line, so that direct current may flow
over the concentric conductors and around the
repeater HUi, through the bridge or by-pass just
described. On the output side of the repeater
EU: a tuned circuit TCi is connected: for select-
ing the pilot frequency f1, and this tuned cirvcuit
is connected te a rectifier R1 for rectifying the
pilot frequency, the rectified current operating a
relay which controls a short-eircuit which may be
applied to the by-pass between filters DCF: and
DCFyY’. The equipment ET2 at station 2, and the
equipment ET3: at station 8, is similar to the
equipment ET1, in detail, and need not ke further
described. Similar equipment WT:, W1t and
‘WT3 is connected to the line LW at stations |, &,
and 3 for signaling and testing in conmnection
with the unattended repeaters of line LW.

_The derived direct current path for the line
LE may now ke traced from the relay and bat-
tery of equipment ETx’ at station X, through the
filter DCF%, over the line section leading to sta-
tion §, thence over the Ly-pass including filters
DCF:1 and DCFy’, over the line section leading to
station 2, over the corresponding by-pass at that
station, over the line section leading te station 3,
snd then over the by-pass around the repeater
EU; at that station to the line section extending
to station Y. Now let us suppose that the re-
peater EU: fails at station €. The pilot fre-
quency fi which has been received and which
when rectified by the rectifier R2 maintained the

relay in the output circuit of the rectifier ener-.

gized, will no longer be received. The relay there-
fore falls off and closes the circuit between the

two filters DCF: and DCFy, thus completing a-

direct current path from that point over the line
section extending to station i, over the by-pass
at station 1, and through the ﬁlter DCFY% at sta-
tion X to operate the relay which closes the ¢ir-
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cuit of alarm Sx’, thereby notifying the attendant
that a repeater has failed. Likewise, the relay at
station 3 will be released, closing the circuit be-
tween the two filters DCFs and DCF3’. The at-
tendant then switches the current of the direct
current path to the testing equipment Mx and
by resistance measurements locates the nearest
point at which the direct current path has been
short-circuited, which will be at station 2, and
thus ascertains that the repsater EUz has failed.

The equipment BTx and ETy associated with the
line LE at stations X and Y, respectively, indi-
cates 2 failure in the circuit ILE ahead of the
point at which the respective pieces of equipment
are bridged to the line. This makes it possible,
as in connection with Fig. 1, for the attendant to
check with the next succeeding attended station
and determine whether the signal received by the
equipment ETx’ has resulted merely from the fail-
ure of the auxiliary rectifying equipment associ-
ated with the unattended repeater stations.

The received indication of failure may repre-
sent either the failure of a repeater or the failure
of the line section immediately preceding it. It
would be possible to distinguish between these two
conditions by tests made for failure of the line it-
self in the manner ordinarily employed for tele-
phone cables.

It will be obvious that the general principles
herein disclosed may be embodied in many other
organizations widely different from those illus-
trated, without departing from the spirit of the
invention as defined by the following claims,

What is claimed is:

1. In a signaling system, a transmission line
having a plurality of unattended repeater sta-
tions between attended stations, means at each
attended station to indicate a failure along the
line one way therefrom, a plurality of auxiliary
circuit paths extending the one way from each
such attended station to said unattended repeater
stations, means responsive to the failure of a re-
peater at an unattended repeater station to pro-
duce a circuit change characteristic of said sta-
tion upon certain of said auxiliary circuit paths,
and means at an attended station to indicate the
repeater station at which the failure has occurred.

2. In a signaling system, a transmission line
having a plurality of unattended repeater sta-
tions between attended stations, means at each
attended station to indicate a failure along the
line one way therefrom, a plurality of auxiliary
circuit paths extending the one way from each
such attended station to said unattended re-
peater stations, means responsive to the failure
of a repeater at an unattended repeater station
to produce a circuit change characteristic of said
station upon certain of said auxiliary circuit
paths, and means adapted to be associated with
said auxiliary circuit paths at an attended sta-
tion to indicate that an unattended repeater has
failed and to indicate the repeater station at
which the failure has occurred.

3. In a signaling system, a transmission line
having a plurality of unattended repeater stations
between attended stations, a plurality of auxili-
ary circuit paths extending from an attended sta-
tion to said unattended repeater stations, means
responsive to the failure of a repeater at an un-
attended repeater station to produce a circuit
change characteristic of said station upon cer-
tain of said auxiliary circuit paths, means associ-
ated with the transmission line at an attended
station to indicate that a failure has occurred
ahead of the attended station, and means at an

2,018,850

attended station to indicate the repeater station
at which the failure has occurred.

4. In a signaling system, a transmission line
having a plurality of unattended repeater sta-
tions between attended stations, a plurality of s
auxiliary circuit paths extending from an at-
tended station fo said unattended repeater sta-
tions, means responsive to the failure of a re-
peater at an unattended repeater station to pro-
duce a circuit change characteristic of said sta~ 10
tion upon certain of said auxiliary circuit paths,
means associated with the transmission line at an
attended station to indicate that a failure has
occurred ahead of the attended station, and
means adapted to be associated with said auxili- 15
ary circuit paths at an attended station to indi-
cate that an unattended repeater has failed and
to indicate the repeater station at which the
failure has occurred.

5. In a signaling system, a transmission line 20
having a plurality of unattended repeater stations
between attended stations, g direct current circuit
extending from an attended station to each of
said unattended repeater stations, respective re-
lays at the unattended stations, electrical circuit 28
connections to each such relay from the output
side of the corresponding repeater, means associ-
ated with each unattended repeater station and
responsive to the operation of a relay thereat to
produce a change in the condition of said direct 30
current circuit at said station, and means associ-
ated with said direct current circuit at an at-
tended station to indicate that a repeater has
failed.

6. In a signaling system, a transmission line 38
having a plurality of unattended repeater sta-
tions between attended stations, a direct current
circuit extending from an attended station to
each of said unattended repeater stations, re-
spective relays at the unattended stations, elec~ 40
trical circuit connections to each such relay from
the output side of the corresponding repeater,
means associated with each unattended repeater
station, and responsive to the operation of a relay
thereat to produce a change in the condition of 45
said direct current circuit at said station, means
associated with said direct current circuit at an
attended station to indicate that a repeater has
failed, and means associated with said direct cur-
rent circuit at an attended station to indicate the 50
station at which the failure has occurred.

7. In a signaling system, a transmission line
having a plurality of unattended repeater stations
between attended stations, a direct current cir-
cuit extending from an attended station to each 55
of said unattended repeater stations, means as-
sociated with each unattended repeater station
and responsive to the failure of g repeater thereat
to produce a change in the condition of said
direct current circuit at said station, means asso- 60
ciated with the transmission line at an attended
station to indicate that a failure has occurred
ahead of said attended station, and means asso-
ciated with said direct current circuit at an at-
tended station to indicate that a repeater has 65
failed.

8. Tn a signaling system, a transmission line
having a plurality of unatfended repeater sta-
tions between attended stations, a direct current
circuit extending from an attended station to each 70
of said unattended repeater stations, means as-
sociated with each unattended repeater station
and responsive to the failure of a repeater thereat
to produce g change in the condition of said direct
current circult at saild station, means associated §5 .
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with the. transmission line at an-attended station
to indicate that a failure has occurred ahead of
said attended station, means associated with said
direct current circuit at an attended station to
indicate that a repeater has failed, and means
associated with said direct current circuit at an
attended station to indicate the station at which
the failure has occurred.

9. In a signaling system, & transmission line

_having a plurality of unattended repeater stations

between attended stations, an auxiliary line ex-
tending from an attended station to each of said
unattended repeater stations, respective relays
at the unattended stations, electrical circuit con-
nections to each such relay from the output side
of the corresponding repeater, means associated
with each unattended repeater station and re-
sponsive to the operation of a relay thereat to
produce a change in the condition of said auxili-
ary line at said station, and means associated with
said guxiliary line at an attended station to indi-
cate the unattended repeater station at which the
failure has occurred.

10. In a signaling system, a transmission line
having a plurality of unattended repeater stations
between attended stations, an auxiliary line ex-

tending from an attended station to each of said:

unattended repeater stations, respective relays at
the unattended stations, electrical circuit connec-
tions to each such relay from the output side of the
corresponding repeater, means asscciated with
each unattended repeater station and responsive
to the operation of a relay thereat to produce a
change in the condition of said auxiliary line at
said station, and means adapted to be associated
with said auxiliary line at an attended station to
indicate that an unatiended repeater has failed
and to indicate the repeater station at which the
failure has occurred.

11, In a signaling system, a transmission line
having a plurality of unattended repeater sta-
tions between atiended stations, an auxiliary di-
rect current line extending from an attended sta-
tion to each of said unattended repeater sta-
tions, respective relays at the unattended stations,
electrical circuit connections to each such relay
from the output side of the corresponding re-
peater, means associated with each unatiended
repeater station and responsive to the operation of
a relay thereat to produce a change in the condi-
tion of said auxiliary direct current line at said

~ station, and means associated with said auxiliary
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direct current line at an attended station to in-
dicate in response to such change of condition that
a repeater has failed.

12. In a signaling system, a transmission line
‘having a plurality of unattended repeater stations
between attended stations, an auxiliary direct cur-
rent line extending from an attended station to
each of said unattended repeater stations, respec-
tive relays at the unattended stations, electrical
circuit connections to each such relay from the
output side of the corresponding repeater, means
associated with each unattended repeater station
and responsive to the operation of a relay thereat
to produce a change in the condition of said aux-
iliary direct current line at said station, means as~
sociated with said auxiliary direct current line at
an attended station to indicate in response to such
change of condition that a repeater has failed, and
megns associated with said auxiliary direct cur-
rent line at an attended station to indicate the
station at which the failure has occiirred.

13. In a signaling system, a transmission line
having a plurality of unattended repeater stations

5

between attended stations, an auxiliary test cir~
cuit superposed on said transmission line and ex~
tending from an attended station to each of said
unattended repeater stations, means associated
with each unattended repeater station and re- g
sponsive to the failure of a repeater thereat to
produce a change in the condition of said super-
posed circuit without affecting other channels of
said transmission line, and means associated with
said superposed circuit at an attended station to 1o
indicate the unattended repeater station at which
the failure has occurred.

14, In a signaling system, a transmission line
having a plurality of unattended repeater stations
between attended stations, an auxiliary test circuit 15
superposed on said transmission line and extend-
ing from an attended station to each of said un-~
attended repeater stations, means associated with
each unattended repeater station and responsive
to the failure of a repeater thereat to produce a gg
change in the condition of said superposed circuit
without affecting other channels of said transmis-
sion line, and means adapted to be associated with
said superposed circuit at an attended station to
indicate that an unattended repeater has failed g5
and to indicate the repeater station at which the
failure has occurred.

15. In a signaling system, a transmission line
having a plurality of unattended repeater sta-
tions between attended stations, an auxiliary di-
rect current test circuit superposed on said trans-
mission line and extending from an attended sta-
tion to each of said unattended repeater stations,
means associated with each unattended repeater
station and responsive to the failure of a re~ gg
peater thereat to produce a change in the condi-
tion of said superposed circuit without affecting
other channels of said transmission line, and
means associated with said superposed direct
current circuit at an attended station to indicate
in response to such change of condition that &
repeater has failed. .

16. In a signaling system, & transmission line
having a plurality of unattended repeater sta-
tions between attended stations, an auxiliary di-
rect eurrent test circuit superposed on said trans-
mission line and extending from an attended sta-
ticn to each of said unattended repeater stations, -
means associated with each unattended repeater
station and responsive to the failure of a re-
peater thereat to produce a change in the con-
dition of said superposed circuit without affecting
other channels of said transmission line, means
associated with said superposed . direct current
circuit at an attended station to indicate in re-
sponse to such change of condition that a re-
peater has failed, and means associated with said
superposed direct current circuit at an attended
station to indicate the station at which the failure
has occurred. : .

17. In a signaling system, a transmission line
extending both ways from an attended repeater
station through a plurality of unattended repeat-
er stations on each side, means responsive to the
failure of a repeater one way from the attended
station to indicate such failure, and means re-
sponsive to the failure of a repeater the other way
to indicate such failure and to indicate the par-
ticular station at which the failure occurred.

18. In a signaling system, a one-way trans-
mission line, an attended repeater station on that
line, unattended repeater stations on the line on
both sides of the attended station, means at the
attended station to indicate the failure of a re-
peater on the incoming side, and means at the 5
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attended station to indicate the failure of a re-
peater on the outgoing side.

19. In a signaling system, a one-way trans-

mission line, an attended repeater station on that

‘¢ line, unattended repeater stations on the line

on both sides of the attended station, means at

the attended station to indicate the failure of a

repeater on the incoming side, and means atf the
attended station to indicate the failure of a re-
peater on the outgoing side and further to indi~
cate the particular repeater station at which such

failure occurs.

ESTILL 1. GREEN.
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