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The invention relates to broad frequency band
transmission systems, such as multichannel car-
rier wave signaling systems, and particularly to
automatic line testing and switching circuits for
use with such systems.

In such systems employed for transmitting sig-
nal waves over a long distance, it -is customary
to use a large number of repeaters in ‘tandem,
some of which may be attended and others im-
attended. The failure or substantia] impairment
in transmission efficiency of a single transmission
element, for example, an amplifying vacuum tube
or a line conductor, in a line section between re-
peaters may result in complete failure or intoler-
able degradation of transmission over that line
section. In certain carrier wave signaling sys-
tems, such as multichannel coaxial cable carrier
signaling systems, in which a single line pair or
coaxial conductor is employed for transmitting
several hundred signaling channels, such partial
or complete failure may interrupt or seriously
degrade transmission in a large number of sig-
naling circuits, resulting in much inconvenience
and substantial loss of time and revenhue before
the condition causing the failure is found and

- remedied. For that reason, it is customary to
employ in such systems, two or more completely
equipped parallel lines in each repeater section,
only one of which is normally in working relation
to provide through signal transmission, with suit-
able switching circuits for substituting a spare
line secticn in place of a working line section in
which a transmission failure occurs.

My copending patent -application, Serial No.
495,989, filed July 24, 1943, which issued as
Patent No. 2,379,069 on June 26, 1945, discloses
automatic switching arrangements for use with
such a system, employing special relay circuits
adapted for control by any one of 5 number .of
pilot waves of different frequencies outside the
signal frequency range continuously transmitted
over the working and spare lines in a switching
repeater section, when its transmission level
deviates a given amount from normal level in
either direction indicating serious line impair-
ment, to continuously monitor each of the lines to

" determine if an impaired condition exists; to in-
dicate the transmission condition of each line to
an attendant; and to automatically shift signal

transmission from an impaired working line to a

spare line only if the latter is in tolerable work-
ing condition.

An object of the 1nvention is to improve auto-
matic arrangements of the above-described gen-
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eral type particularly from the sta,ndpomt off
simplification and speed .of operation. .

More specific objects are to continuouslyt
monitor the working and spare lines in the re-:
peater sections of a broad frequency band signal
transmission system; to operate suitable signal-
ing apparatus indicating which of the lihés aré
working and which are ‘spare, and the condition
of -each line; .and to :shift through signal trans-
mission quickly from a working line found to:be
substantially impaired to a spare line only if the
Iatter is:in tolerable working condition, « ~ :

Another object isto provide regulating control
of & switching device associated with a linetrans-
mitting wave -energy only ‘when the amplitude
level -of that wave energy is outs1de tolerable
limits,

These objects ‘are attained in a,ccordance thh
the invention by simple pilot-controlled auto-
matic circuit arrangements employing particular
arrangements of electronic switching devices to
provide the required line switching and alarm in-
dications within .a relatively short time . 1nterva1
after a line trouble condition occurs.

A feature of the invention is a control device
Wthh produces -an appreciable output for ap-
plied alternating wave inputs within a -given
range of amplitude levels and -substantially no
output for alternating wave inputs of amphtude
levels above. and below that range.

The wvarious objects -and features of the 1nven--
tion may be better understood from the following
detailed -description when read in conjunction
with the accompanying drawings .in which: - -

Fig. 1 shows schematically a switching repeater
section for one direction of transmission .in:a
wide band signdl transmission system, such.as a
multichannel carrier telephone system; equipped
with -automatic line testing, switching and indi=
cating .arrangements embodying the -invention:

Fig, 2 shows schematically a control device of
novel type such ‘as are used in the arrangements
of the invention shown in Fig. 1; and

Fig, 3 shows curves ‘illustrating ‘the Operatxon
of the control device shown in Fig. 2. :

Fig, 1 shows one switching repeater section for
the west-to-east direction of transmission ‘in"a
wide band signal transmission system; such as a
multichannel repeatered cable carrier wave sig-
naling system, comprising the two one- -way hneg
LA and LB extending between a west repeater
station and an east repeater station at the. ter-
minals of the section. "It is -understood: that.the
line may include any number -of tandem -COn-
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nected repeater spans containing any number of
repeater offices which may be attended or un-
attended, each line being completely equipped
with the amplifiers, associated gain regulating
apparatus, equalizers and other equipment (only
a portion of which is shown) required to provide
a desired volume and quality of signal fransmis-
sion over the switching section,
and LB are permanently connected through the
balanced windings of the hybrid repeating coil

HCw in energy transmifting relation with the -

output line LW of the preceding repeater switch-

. The’ lines’ LA

10

‘ing section or carrier terminal station so as fo be
supplied in common from the latter line with .

equal energy portions of the carrier signal fre-

15

quency band containing the carrier signals of all .

signal channels to be transmitted.

. If the switching repeater section shown in Fig.: -

1 is the first one in the system for transmission,
in the west-to-east direction, so that the hybrid ¢
coil HCw is located at a terminal repeater sta-.

tion, pilot waves of frequencies, say 64 kilocycles
‘and 2,064 kilocycles, on either side 6f the carrier
signal band fo be transmitted and.of equal,

initially constant amplitude levels, are. contin--

uously supplied in common to the inpit of the
lines LA and LB through the hybrid coil HCw
from the combined output of the pilot wave
sources .P1 and P: generating those: respective
frequencies, connected to the net side of the
hybrid coil. In that case, the combined output
impedance of the two pilot wave sources P: and
P2 would be made such that it operates as an
equivalent line balancing network to balance the

characteristic impedancé of the incoming line L'W:

which it faces, through the hybrid coil HCw. * If:

the switching repeater section illustrated in Fig.

1 is not the first switching repeater section for
that direction in the system, the pilot waves may
be supplied in a similar manner at the preceding
terminal station or at the input of any preceding
switching repeater section so that the pilot waves
will be received over the line LW:and applied
through the hybrid coil HCw in equal energy por-

tions to the inputs of the lines LA and LB. 'In -

that case, the usual line balancing network would
be substituted for the pilot wave sources P1 and
P2 connected to. the net side of the hybrid
coil HCw.

The outputs of the lines LA, LB are coupled at
the output of the switching repeater section
shown in Pig. 1 in conjugate relation with each
other and in energy transmitting relation with
the line LE leading to the next-succeeding switch~
ing repeater section or to a terminal repeater
station, by the hybrid repeating coil HCe and
associated line balancing network Ne. -

The line LA includes near its output the delay
network DN:1 followed by:the line equalizer EQi
and the line amplifier A1, shown as consisting of
only one three-electrode amplifying vacuum fube
stage having a parallel resistance-condenser grid
biasing arrangement RC1 in its control grid cir-
cuit, but which may include any number . of
vacuum tube stages required to provide the de-
sired signal amplification. Similarly, the line LB
includes near its output.a delay network DNz
followed by an equalizer EQ2 and a line amplifier
Az, similar to the amplifier Ai, including a three-
electrode amplifying vacuum tube stage having
a parallel resistance-condenser grid biasing ar-
rangement RC:z in its control grid circuit.

Connected across the line LA at a point in the
output of the amplifier Aj is the input of & signal
controlled switching circuit SWa including two
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tandem-connected amplifiers Az and As which
may be of the vacuum tube type similar to the
amplifiers A: and Az in the lines LA and LB, and
which, when both are operative, pass the portion
of the signal and pilot wave output of line ampli-
fier A: diverted from the path LA into that
switching circuit, in amplified form to the two
diode rectifiers D1 and Dz having their inputs
coupled to the output of the second amplifier A4

in the switching circuit by the common trans-
~former Ti.

Similarly, the input of a switching
circuit SWs is connected across the output of

“the’line LB in the output of the line amplifier As,

that switching circuit including-the tandem-con-

‘nected amplifiers As and As, which, when both

are operative, pass the portion of the signal and
pilot wave output of amplifier As diverted info

‘the switching circeuit from line LB, in amplified

form to-the dioge rectifiers D3 and D4 having their
inputs coupled to the output of the second ampli-
fier As in the switching circuit, by the eommon
transformer Ts. S

The rectified voltage output of the diode rec-
tifier D1 in switching circuit SWa applies a nega-
tive voltage across the parallel resistance-con-
denser biasing arrangement RC:z to the control
grid’ circuit of the amplifier Az in the line LB,
which voltage, when completely built up, is suf-
ficient to bias the latter amplifier to cut-off so
as to block the line LB in its output. Similarly,
the rectified voltage output of the diode rectifier
Ds in switching circuit SWs applies across the
resistance~-condenser biasing srrangement RCi1 a
negative voltage to the control grid circuit of am-
plifier A: in line LA, which, when completely
built up, is sufficient to bias the latter amplifier
to cut-off so as to block line LA in its output.

The rectified voltage output of the diode rec-
tifier ‘Dz in switching circuit SWa controls the
operation of a relay Ri, and the rectified voltage
output of the diode rectifier Ds: in switching cir-
cuit SW=s controls the operation of a relay Rz
which in turn controls the operation of a relay
Rsa. The circuits controlled by the operation of
the relays R1 and Rs in accomplishing the pur-
poses of the invention will be described later in
connection with a complete descriptmn of opera-

" tion of the system of Fig. 1.
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Connected across the line LA at a point near
its output in front of the delay network DN is the
common input of the pilot-controlled control cir-
cuits PC: and PCz, and connecj:ed across the line
LB at a point near its output in front of delay
network DNz is the common input of the pﬂot-
controlled control circuits PC; and PCs.

The eontrol circuit PCi includes in its input a
filter PP for selecting from the portion of the
wave ‘energy applied to its input, that of the
frequency 64 kilocycles received over the line LA
from the pilot wave source P1 at the input of the
switching section, and for suppressing applied
wave energy-of other frequencies; an amplifier
PA: for amplifying the selected pilot wave energy;
and a control device CD: responsive to the ampli-
fied 64-kilocycle pilot wave energy, only when its
amplitude level rises above or falls below the
range of pilot amplitude levels considered toler- -
able, due to serious line trouble conditions in the
line LA over which the 64-kilocycle pilot wave
passes, to bias the amplifier A3 in switching cir-
cuit SWa to cut-off. The control circuit PC: in-
cludes in its input a filter PF: for selecting from
the wave energy applied to its input, that of the
frequency 2,064 kilocycles received over the line
LA from the pilot wave source Pz at the input of
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the.iswitching: section;2andzforssuppressing: the:
applied wave energy of other fréquenciesy gram..

plifier PA: for-amplifying the seledted: pilotrwavey:

energys and 4 eontrol :device: €Dg,3similaf: toithe:»

3:
ageiacrossitheberminals of the-output:resistances
T and:8, respectively.=. i

Fer>y

nected sfn cseries:with dthe adjustable:resistance:

control- device CDY, ‘responsive: foithe” amplified=is . portion.of:potentiometerPTa:in:the control grids:.

2,064-kilocycle pilot:wave ‘energyconly when=its::
level rises‘above: or-falls below-the tolerablérange
of pilot amplitude:levels, due to:serious-troublé:
conditions in the'line LA, 40 biassthe amplifierrAss-
in switching circuit:SWi'tocut-off3 :
Similatly, thecircuit-PCs include¥:in itstinpub i
a filter: PPy for selecting - from:the energy appliedsi!
to -its-input: that- of :the frequeney- 647 kiloeycleg
received:iover -the:lineg:LB-frém the :pilofwaves
source P1i” an amplifier- PAyifor ‘amplifiing the o
selected: pilot:wave’ energy; and:4 control:devices
- CDs, - similar -to''the devices*CDi and’ CD3; re-
sponsive-to- the amplified: 64-kildcycle ‘pilabrivaves:
energy,-only when its amplitude irises above -or>:
falls belew:the tolerable range: of ‘pilot amplitude 2
levels; due ‘to:ling troublé conditichs in’ line LB,
to bias-the amplifier-As:in:switching eircult; SWii~
to cut-off. The circuit PCs includes in its inputs:
a filter: P4 for selecting -from:the swaveienergy:
applied o its input that: of thei:fréquency-2,064i:2
kilocycles received over the line LB frém:the pilot
wave-source Pa; -an amplifier PAsxfor-amplifying
the selected pilot- wave -energy;:and. 4 control:des -
vice: CDs, similar-to the devicessCD? to!CDsjrex:.
sponsive “to -the amplified 2,0642kiloéycle spilat:3
wave:energy-only when its:level :Tises:above orw:
falls below. the' tolerable range:of:pilot amplittide =
levels,. due-to' serious- troubléeonditions sin’ Hre
LB, toibias the amplifiet As in’the switchihg eir-:..
cuit:SWstocut-off.
The'control devices CDW to' CD: in! the systemin
of Fig'1 may be of the type shown:in detailjnin
Fig. 2.~ .
The control device.of Fig:2 iticludestwo:similain:
oscillators*O1i and O: for generating-altéinating
waves-of Substantially the':same fréquencyand
of substantially ‘the same: constant power, .which-x
oscillators may be of any ‘suitabletype, forexs:
ample, -as illustrated, respectivély comprisinga *
single three-electrode electron “discharges device -
{, I’ with a feedback connection includirig's phise»
reversing transformer -2, 2, a tuned«éircuit:3, 37
for determining the frequency of oseilation; aned"
a series.condenser4, 4’ ‘between the plate-cath 5
ode circuit and the high:impedance eontrél grig:*
cathadde circuit.” Each: oscillétor-is adspted: to'«
cut off-in'response to-a diffefent-amount 6f thput >
power; supplied by the volidge drop in a diffefent-
potentiometer - PTi,; PTs with Wdiffe¥ent settingsi=
each having its adjustable resistance:portion com
nected in-series: with: the-contrel grididatHode >
circuit- of a different one of oscillator tubes={, 4’
The current ‘flowing through the two-potentiome
eters PTr and PTy, which determines thi amount- o
of applied negative bias-to: the contrél erids of -
oscillator tubes-f and' 1’; respectively; is supplied~:
from ‘the output-of the-common-diode’ rectifler=-
Ds, the input of which is connected” through' the'

input transformer Ts'to a source’ of “altetnating g

waves of a wide range of -amplitudes; 'whith in the

case of the corresponding control devices in the -

system of Fig. 1 would be the varying amplitude” -
alternating pilot wave of the ‘frequency 64 kilo- -

cycles or 2,064 kilocycles.supplied-to each device L
from the associated pilot amplifier and pilot filter. -
The alternating output waves of the. oscillifors -
O1 and Oa'are respectively rectified by the dicde.
rectifiers D, D7 fed from the.tuned:circuit.3, 3’ .
to produce.a constant diréct.current:outpitt volt. 7

cathodelcireuit:of:the: +tube4’ of:oscillator-Og, -
withithe: proper:poling;:so-that: while the oscilz.
lator=Or is-producing an:input; the net negas=!
tive potential:produced: on the’grid-of :the:oscile:

cut-off, ;. .
With proper-relative -adjustments:of- the sete
tings;ofvthe:potentiometers PTi. and: PTy, the
oscillator ®: may-be-made to produce across out-:
b5 :putiresistance T a diréct current.output of sub~
stantially. constant:: power: for::all: values- of-al- «
ternating:iwave input: power: supplied: to: inputir
' transformer:'T3-up:to:-a value: Pi-determined by
the setting:of:patentiometer-PT1, where that:os=:
0:-eillator -(O1) cuts:offsrand: to produce substan-: -
tially:zero output: power for:all higher valies-of:--
inputpower; as-indicated by the upper- curve of:
Fig.»3; and: the:oscillator: Oy, :without . the .con=»-
nection between:its :control grid:ciréuit: and: the
5.-output of ‘escillator-O1 shown; may. be madeito
produceran “equivalent constant:direct-current -
outpt ‘power:for:all: values: of alternating:input:-
power applied: to:the:input:transformer: Ts up:-
to the walue :Ps; ‘higher than Pi; determined: by
0 :the setting of botentiometer: P, ‘as:indicated:
by -the: middle:curve-of Fig, 3. - With': theoutput:
resistance T of oscillator: Or connected:effectively::
in seriesiwith:the:contiél grid-cathodecircuit: of -
tube: -1’ - of -oscillator: Oz.and: properly: ‘poled as::

35 “shown.in’ Fig;:2, the oscillator:Os ‘may bermades:

to give-a constant:direct eurrent: outpirt: across::
the iterminals of its: output: resistance 8 for-the:::

rangeof: inputi-power-applied: to-input trans=: -

former::T3: between the - values: Py and . Ps, and
0 substantially ‘zero ‘output-power for-all values of
input :power: ‘above -and:belew: that: Tange; as in-:
dicated:by the:lower-curve: of Fig: 3.. .
In:the:corresponding  control:devices: Cbi #o:n
CDs¢ in -thecontrol-circuits PCi to “PCs, respecs:
tively; in:the system of Fig. 1, the cut-off ‘points:-
of the' tworoscillators:in each. are'made; by props:-
er adjustment of the :associated: potentiometers; -
to coincider with-the minimum- amplitudeilevel’::
and: the. mazimum:amplitude:level S respectively;
~of the tolerable range of levels of :the pilotwaves
supplied:over<the associated:line'LA or LB, and:i’
the ioutpubutesistance 8 of “the oscillator- having -
the highercut-off point inithe control ‘device in

.. _each control circuit PCi to PCs, as ‘indicated: in +

9 Pig::2,.is arranged-in:the direct.current biasing
circuit.for.either amplifier:Az-or Asin.the switch- -
ing.eircuit SWa,-and:in-the direct. current bias- -
ing.cirouit.for..either. amplifier: As -or. Agin-the -
switching.circuit. SWs, respectively, so-that: each- -
amplifier«s held operative by the eonstant: direct-:
current.-output. of the associated: control ‘devices -
CDi-to €D4,~when :the amplitude levels <of the
controlling :pilet waves supplied: from-the rasso>:
ciated-line~LA. or LB -are within:the tolerable: -
range,-and.is:biased -to:cut-off by the substan---
tially- zero: output .of. that.-control .device, when-
the .amplitude :level .of .the controlling -pilot-wave =-
supplied: from-the- associated line: LA .or. LB: rises: -
0 above or falls.-below. that.range, due to-ga partial -
or .complete -transmission: failure .in.that-line. - o
The operation.of-the complete -system-of -Fig, 1.
will now. be.described, . S 4
It .will.be.assumed-that line.LA is the . working. ..
5-line normally.used: for. transmitting carrier: sig-n'

The output resistance T of oscillatdr O1 is conz:

10 vlaterztube 4’ -is ;suchas: to bias: -oscillgtor OF to!
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nals-over the switching section between the lines- -
LW and LE, the line LB then bemg the spare-» .

line.
Half of the energy -of the carrier 51gnals re-

ceived over the line section LW .ahd half of the

energy of the two pilot waves of frequencies 64
kilocycles and 2,064 kilocycles generated by the
-- pilot wave sources P: and Pz, respectively, will

pass.through the hybrid coil HCw to each of the -

lines LA and LB, and will pass thereover respec-.

tively through delay network DN, equalizer EQ
and line. amplifier Ai;, and delay network DNz

and the equalizer EQq, toward the line ‘section -
LE at the output of the switching section. A"~

portion of the sighal and pilot wave energy will
be diverted from the line LA into the input of
switching circuit SWa, and, if the amplifiers Az
and As therein are both operative, as will be the
" case if the pilot energy diverted into pilot con-
trol cireuits PCi and PCz is within tolerable am-
plitude level limits, with no appreciable impair-
. ment of transmission over the associated line
LA, will pass in amplified form through these

10
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amplifiers to the diode rectifiers D1 and D2 and -

will be: rectified by them. The rectified output
of detector D; maintains a ‘“blocking” (cub-of)

26

bias on the line amplifier Az.in line LB and the -

rectified output of diode rectifier Dz holds op-
erated relay Ri, which in turn holds open the
locking circuit for relay Ra.

Since amplifier Az in line LB is biased to cut-~
off, the other half of the signal and pilot wave

-30

energy diverted into line LB will ‘be prevented *

from passing over the output of that line to line
. LE or. into the switching circuit SWs. There-

35

fore, no cut-off bias voltage will be supplied by
rectifier D3y in switching circuit SWs to the am-

-plifier A1 in line LA, and the relays Rz and Rs
in ‘the output of rectifier Ds will he released,

causing the bias delay condenser C to be main-:

tained connected in the biasing circuit for am-
plifier A: in line-LA. - The line LA then will ‘op-
erate as the working line to transmit signals and

pilot wave energy from line section LW to line’
section LE, and line LB will be the spare line-

disabled in its output. If the manual key TST

is operated and relay Rs is released, an energiz- -

ing circuit from battery B: will be provided for
lamp Ia, and that lamp will light up to indicate
that line LA is the working line and is"in’ tol-
erable working condition, whereas lamp Iz not

supplied with battery will be extingiished, indi--

cating to an attendant that line LB 1s operatmg
as the spare line.

Now, if the amplitude level of e1ther or both
of the ‘64 kilocycles and 2,064 kilocycles pilots
continuously transmitted over the line LA and

40

passing through the pilot filter PF: and amplifier '

PA: to control device CDu in control circuit PCs,
and through the pilot filter PFz and amplifier PAz
to control device CDz in eontrol circuit PCz, re-
spectively, rises above or falls below the pre-
scribed tolerable amplitude limits, in response to
a complete or parltlal failure of ‘a conductor or
other transmission element in that line, the re-
sultant reduction in the direct éurrent output
of the control device or devices will' cause gm-
plifier Az or amplifier As, or both, to be biased

to cut-off, thereby cutting off the input to recti- 1

fiers D: and D: in switching circuit SWa. Thls
will cause the blocking (cut-off) bias fo. be re-
moved from the amphﬁer Az in line'LB, and the
relay Ri to release to close the break through
its contacts in the locking circuit for relay Ra.

60

75
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The unblocking of amplifier Az in line LB will
allow- the signals-and pilot waves received over
that-line from the west line section LW, and the
pilot wave sources P1 and Ps, respectively, to be
transmitted to the input of the switching circuit
SWz and over the output of line LB through the
hybrid coil HCE to the east line section LE. :

If'line LB is then in tolerable operating con-
dition, as indicated by the pilot wave outputs of
the 64-kilocycle and.2,064-kilocycle pilot control
circuits PC: and PC: producing constant outputs
such.as to bias both -amplifiers As and As in the
switching circuit SWe to the operative condition,
the portion of the signal and pilot wave energy
in the output of amplifier Az diverted from line:
LB into that switching circuit, will pass in am-
plified form through the former amplifiers to the
diode rectifiers Dz -and D4+ and will be rectified by
them. The rectified output of rectifier D3 will
build up a blocking bias on amplifier A1 in line
LA, and the rectified output of rectifier D¢ wiil
cause the operation of relay Rz and thus of re-
lay Ras.

The operation of relay Ra through its operated
upper contacts will close a normal break in the
locking circuit for that relay enabling it to be
locked -operated when relay Ri releases to close
the. other break in that locking circuit, from bat-
tery. Bz. The operation of relay Rs, through its

‘lower sets of contacts will disconnect the bias

delay condenser C from across the biasing circuit
of amplifier A1 in line LA and will connect it
across the biasing circuit of amplifier Az in line
LB. Thus, the output of line B will be enabled
and the output of line LA disabled so that line LB
will then operate as the working line to transmit

signals and pilot wave energy from line section

LW to line section LE, and line LA will be condi-

tioned as-the spare line disabled in its output.

! The. operation of relay Rs in response to the

rectified output of rectifier Ds, if test key TST is

opergted, will cause energizing current to be sup--
plied from battery B: to the lamp L2 causing it

to light up to indicate that line LB is now the

‘working line and is in tolerable operating con- -

dition, and energizing current to be cut off from
the lamp Li-causing it to be extinguished, indi-
cating that LA is now the spare line.

If, as previously-described,; line LA is operat-

‘ing as the working line and line LB as the spare

line, and line LB fails causing operation of one
or both of its associated pilot-controlled circuits
PC;3 and PC: to disable one or both of the ampli-
fiers As and As in the switching circuit SWs asso-
ciated with line LB, nothing happens as regards
line switching. However, when the spare line -
LB fails, the resultant reduction substantially to
zero of the output of the control device CDs in
control circuit PCs, or of the output of the control
deviee CD: in control circuit CDs, or of the out-
puts of both of these control devices, causing the
disabling. of amplifier As, amplifier As or both of -
those amplifiers in the swifching circuit SWs, in-
dicate the spare line failure to an attendant.

If, on the other hand, both lines LA and LB
fail simultaneously causing both switching cir-

“cuits SWs and SWa to be disabled under control

of the. pilot-operated control circuits connected
to the associated lines, the cut-off bias will be
removed from the amplifier Az in line LB, and
the relay R: will be released. Since relay Ras is
in ‘its normal released conditions, the release of
relay Ra has no effect on the line switching con-
trol circuits.. "The operation of at least one pilot-
controlled control circuit associated with one of
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+>thelines LA and LB, simultaneously with the:op-
«eration’ of-at least-one:pilot-contiolled cireuit -as-
-*sociated'withthe: other -line,-in . conseguence
of the:simultaneous failure of both lines; t6:dis-

- vable one or more amplifiers-in both:switching cir-. 8=

=vcults SWa and"SWa will indicate-total:failure.

- A simultaneous restoration:of -both -lines L4
--and LB.to a:tolerable operating condition:after a
-+ Tallure in-both will-cause: all-four diode rectifiers
£ D1 to Ds-to start producing:direct current power.
-"Then, since relay Rz is-in the:released:condition,
:~the: bias: delaycondenser - C-"will-'be ~connected

across the biasing circuit:for the amplifies:Ar-in
w#line. LA-and: disconnected from:the biasing circuib

55

-:networks' DN1-and DNz:to:beused: ifi:the:lines:LA
- and LB to prevert hits-being: caused by:switches.
The:speed of-operation of:theielectronic-arrange-
< ment ‘which:has beendesdribied, -touswibcki-from
‘one:ling to- another, should:be:intherordersof a
< millisecond. or- less,-as:compared with a:switching
-+ tirhe ofvabout200:milliseconds: required: iwith:the
--gutomatic iswitching :arrangementsswhich:shave
‘<been-used-préeviously.in commercial-systems.

< Sinee¢ the: complexity.‘of &:delay network :de-
-~ pends:upon:thé: fréquency-band- width:to: bésde-

the complexity of-the delay-networks-by:assigning
the.voice:frequency telegraph eircuitsto drlimited

wforrthe amplifier As-in:line LB;-causing the:de- :18 fréequency<range’ in the: system-withe’whichithe

~:velopmengrof a::cut-offibias -for ‘amplifiey Ay to
-:be slower:thair that for-amplifier As. " Therefore,
sremplifier::Az-insline  LB+will :hecomeé: biased tn
~reut~off, :permitting - amplifier-Ar in:line LA 0 re-

- circuits ofthe irvention would-be used "*Thé:de-
~lay would then-only:have to:be:providedroverithis
<ilimited:range;and afthe control pilot-frequencies
»Zof the sources. Prand-Pa used. It is:assumed:that

-:main at:normal:gain, I Thisaction is-tco-rapid-to-:20: no-delay. is:required-by.other:types ofcireuits due

~‘allowrelay:Ra-to-become:operated. “‘Therefore,
i 1f a-total fallure:occurs;j:that is both-linés T:A-and
- IB:hecome impairedsat the:same time; wheti line
LA is: operating :as <the:'working  line, -restoration

“tothe-inherent.rapidity-of this:type of:switching.

= /The-arrangements:of the:inventionshave:been
L:described. .as-applied. tossystems:employingrone
wiworking:dine: inoeachi:direction.Zof: transmission

crofxthrough fransmission:torthe:.same ling: (line«26-and a-single-line operating«as. aspare:fortthe

.. ‘LAY will:be made. o
JrIfy while:line. LB: is-operating:-as: the :working

v:line;:line. LA, Joperating. as-the spare Jines:fails,

- mothing chappens as:regards line:switching, since

sworking - line;1and:to thesuse:ofvonly twopilot
wewaves of diffsrent frequencies continuonsly trans-
“imitted-over.each: line:to:contro}l the switching:be-
citween. thenworkingrand. a:gdod::spare:line avhen

-zamplifier-Aszin:line LA is already: biased :to-cut«: 80:transmission failure:in:the:working :lineroceurs.

-zoff. I atotal:failure: occurs:under those condi-
-rtions;:thezrelay:Rs:wills remain- loeked- opersted
-cthrough:released:-contacts:on:relay: Ri." "There-
-=fore; under.-those:-conditions;. & simultaneous

-uIt: Is apparent; however; ithat by:usingiin:connec-
cotlonwithoadditional -lines :otherzeentrol cireuits,
cosimilar:to-these:illustrated:and: despribed:anduop-
srerating dn:similar manner,stherarrangements: of

:trestaration:of-both:lines. LA ang LBt the toler-: 85:the invention mayiberreadily adapted-foruserin

2-@ble operating:condition - will:cause the disabling
-of amplifier Ar in:line.LA; since:the bias :delay
~zcondenser C: iszconnected:at the time. across the
-+biasing: eirenit: for-amplifier: Az-in:line LB by the

- eonnection: with ;systems:cemployingrmeresthan
sionesworking:line anditworor-more: sparedines if
-:that.becomes:desirable. : Als6, it: israpparent;that
=rb¥employing a greater numberrof: pilot-waves of

--.continued .operation . of:relay-Rs. ‘Therefore; if. 40.different-frequencies within the signal:frequency

= & total-failure: occurs:when:line:LB is the working
-.line, and:line LA :the :spare:line, : restoration . of
r..throughrtransmission: is: made:to the:same:line
~-(line1B),

range, oulb:not.:interfering swith: any.stgnalyfre-
- ‘quencies (located within bandsiof:the:signal fre-
-rquency: range: which:care;:devoid: -of-isignal: fre-
squencies) . scontinuously: - transmitted::over:::the

#18ince:relay: Rz is:released :-whenzline LA is:thé 45:.working:and spare:lines; a-corresponding: num-

-»working:line and: is aperated:when-line:I.B is'the
werking line,the;operated-or non=operated:con-
1ndition:of: the:contacts-in: that-relay sasrindicated
--:wilk. cause- the dighting ror:extinguishing cof :the

- ber cof-pilot=contrelled switching cincuits: similar
:::tozthose whichihavesbeen. described;: respectively
i 8elective to: a.different-one:of-the pilat. frequen-
‘seles, -eonnected: torthe working-and; spareslines,

i2lamps:La-and In:to. indicate -whick: is the -working 50~ and: a- corresponding :humber:;of.tandem-con-

line and which is the spare line when the:TSTikey
- is.operated manually.

80+ far;: no;:mention.has: been:made :of ~the
.~functions. of-the:delay networks BNi-and DNy in

nected amplifiers.in-the:signal:controlled switch-
-.ing circuits connected to the several:lines;respec-
--tively :contrelled by -a.different one- of -the;control
_.circuits, suitable line.switching -and.alarm.indi-

::lines. LAx:and -LB;respectively. - If:voice - fres 55. cations :may. be.attained: for:line trouble condi-

~duency -telegraph- signals rare-being: transmitted
. -over:-the- coaxial :system, :the line-cannot fail-for
-»more -than a:-few: milliseconds -without::icausing
.- @n, error..-Such a:condition: is-termed a: <hit.” : If

““T? -represents.-the. maximum:safe-time permitted 60

. to-.open: a. voice : frequency:telegraph. circuit,
~which will. not-eause a “hit” disturbance; :*S”

<represents the: total elapsed time required for the
- -Switehing. cireuit: of -Fig. 1:to enable a:disabled

- tions’affecting different portions.of the signsl fre-
. -quency..range, thus..providing. better. operation
~under all service.conditions.
7 Other, modifications . of. the circuits illustrated
and described which are within" the_spirit-and
scoperof " the. invention will. occur “ta Dersobs
rskilled inr the art. . )
“What is‘claimed is: '
1o-In-combination, a- source of signals,-an out-

.~spare line amplifier-and-to: disable the:previously 65 put circuit;-two- transmission-ciréuits- connecting

working line amplifier, when- a--working: line
-.Iailure.occurs; and “D” represents the -time delay
.required to:be supplied by the-delay networks DN
.. and DNg, then

3

- D=8=T

Therefore,. suitable: selection of.:the: circuit -ele-
-ments-in the-arrangement. of Fig. 1 should. pro-
duce a fast enough switch.operating time; “S,” to

~sald source to said-outputcireuit, a-signalsop-

= erated switching device connected to-eachof-said

+transmssion circuits ‘near -its ‘outputy‘which-when
‘completely operated-in:-respenise to-the-sighals-ap-

Ly Te Dblied thereto from'-that-circuit:disables therother

transmission:- circuit--and - the-sswitching'=dévice
+.:conuected-thereto;: means:forumaking: one ‘ofisaid
+: switching: devices:colnected. toroner ofi said- trans-

-~z mission [ eircuits:effectively s faster:: ins:operation

- permit a practical value of: delay time “D” for the: 75:than the:other-switching device.connected: to:the
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.. bther transmission circuit so that for normal sig-

nal transmission conditions in said one circuit it

- is.operative to transmit signals from sald source
.. to3said output circuit and the cther transmission

o

circuit. is .prevented from .doing so, and means

.-responsive to the occurrence of abnormal signal
.. transmission conditions in said one circuit, only if
.-normal signal transmission conditions exist in

said.other circuit, for so controlling the operation

. .of the two switching devices that said other cir-
.. cuit becomes operative to transmit signals from
. said source to said output circuit and said one cir-
_cmt is prevented from doing so.

‘9. In. combination, a source of signals, two

,k,transmissiOn circuits supplied in common from:

.- said 'source; a common output circuit for said
. transmission . circuits, a signal-operated switch-

ing.device connected to each transmission circuit,

k .. which-when completely operated by signals in that
- ieircuit disables the other transmission cireuit and

- .the switching device connected thereto, means for

. -making the switching device connected to one of
- sald transmission .circuits effectively faster in
...operation than the switching device connected to

the other circuit so that for normal signal trans<.

- mission conditions in said one circuit it is opera-

- tive as.a working circuit to transmit signals from

said source to said common output.circuit and

.. the other transmission circuit is prevented from

doing so.and means responsive to the occurrence

o of abnormal transmission conditions in the trans-

;misgion circuit operating as the working circuit to
. .disable the switching device connected thereto so
: .that said other transmission circuit is rendered

operative as the working circuit to transmit sig--

.- nals-between said source.and said common out-
. put circuit and the switching device connected to

i

:said other circuit holds the first transmission cir-

- cuit and the switching device connected thereto

-disabled.while said abnormal signal transmission

conditions. in said first circuit continues,
: 3..The:combination of claim 1, in which the

- last-mentmned means . comprises means for con-
:.tinuously transmitting a plurality of pilot waves

...of: different ‘frequencies outside the signal fre-

;. quency range over each of ‘said transmission cir-
_‘cuits and means responsive to abnormal variation
- ‘of ‘the level of any one-of the transmitted pilot

-waves:at a given point in the circuit over which
- -they-are transmitted to cause the switchmg de-
-.-vice connected thereto to be disabled.

.4, In combination, a source of s1gnals, two

-itransmission circuits supplied from said source,

- at'common output circuit for the two fransmis-

sion eircuits, & signal-operated switching device

"~ “connected to each transmission circuit near its
“output, which when completely operated by the

applied signals from the connected circuit dis-
ables the other transmission circuit and the

“switching device connected thereto, delay means

normally connected in the switching device con-
nected to one transmission circuit, rendering its
operation slower than the switching device con-
nected to the other transmission circuit so that

- for normal signal transmission conditions in said

. -other fransmission ‘cireuit it is operative as =&
, _Work_mg circuit to transmit to said output circuit

and said one, transmission circuit is prevented

from doing so, means responsive to the occurrence

of abnormal signal transmission conditions in
. - .each signal transmission circuit for rendering the
.switching device connected thereto inoperative so

that the occurrence of abnormal signal transmis-

- sion conditlons only in the transmission circult

10

15

20

25

:30

35

40

-

2,396,090

operating as a working circuit -will result in that
circuit being rendered inoperative and.the other
transmission circuit heing rendered.operative.to
transmit signals: between: said source and said
common output circuit while: said abnormal sig-
nal transmission-continues and means responsive
to the complete operation of the switching device
connected to said one circuit for causing said.de-
lay means to be switched from that switching de-
vice to the switching deviece connected to said
other transmission circuif so as to render the lat-
ter switeching device slower in operatmn than the
former switching device, - =

5. In combination, two transmission eir cults
fed from a common source of signals and feeding
a common output circuit, each-including a nor-
mally operative transmission device near its out-
put, & switching circuit including one or more
normally operative transmission devices, connect-
ed to each of said transmission circuits in the out-
put of the transmission device therein, and opeéra-
tively responsive to applied signals, when that
transmission device is operative,-to disable the
output transmission device:in-the other trans-
mission circuit and thus to prevent transmission
therefrom to said common cutput circuit, the two
switching circuits normally havinig Tespectively
different -time constants making one-effectively
faster in operation than the other so that for nor-
mal signal transmission conditions in the trans-
mission circuit to which said one switching cir-
cuit is connected, that transmission circuit is con-
ditioned as an operative working ecircuit to trans-
mit signals from said source to said output cir-
cuit and the other transmission circuit as a spare
cireuit disabled in its output,; and .other means
responsive to.abnormal-sighal transmission con-
ditions. in either of said two transmission circuits
for causing the switching circuit controlled there-
from to be disabled, whereby the occurrence of
abnormal signal transmission conditions in the

- transmission circuit which at the time is condi-

45

50

tioned as a working circuit to transmit to-said
output circuit, will result in that transmission
circuit being disabled in.its cutput and:the other
transmission circuit which dt. the time is condi-
tioned as a spare circuit, being rendered operative
as the working circuit to transmit to said output
circuit, but only if signal transmission conditions
in said other transmissmn circmt a,re normal at
that time.

6. The system of cIalm 5 in whlch sa,ld other

‘means comprises means: for continuously ‘trans.

“mitting at least one pilot wave of a - frequency
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outside the signal frequency range over each:of
said transmission circuits, and control means con-
nected to each of said transmission circuits-at an
output point in front of the disabling point there-
in, controlled by the applied. pilot wave-of that
frequency and operatively responsivé, only when
its amplitude level is outside prescribed tolerable
limits, such as would be caused by complete or
partial transmission failure in that transtission
circuit, to apply a blocking bias toa transmlssmn
device in the switching circmt connected to that
transmission circuit. :

7. The combination of Claim 5 in Whlch ‘¢ach
of said transmission devices in said two-trans-
mission circuits and in said switching circuits is
an electronic device having a control element,
which, is disabled by the application of a hlock-
ing bias to that control element in response to
operation of the- controlling. sztchlng c1rcmt or
said other means, respectively :

‘8. The " combina’oion ‘of claim- 5 in “which the
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transmission device in the output of each of said
transmission circults is an electron discharge de-
vice having a control grid circuit, which is ‘dis-~
abled by the application of a. cut-off bias to'iis
control grid. eircult in response to operation of
the switching circuit controlled from the other
transmission. circuit, and the switching  cipeuit
controlled from the transmission cireuit nor-
mally conditioned as a working circuit “being
rendered faster in operation than that switching
circuit controlled from the transmission circuit
normally conditioned as a spare circuit, by the
inclusion in the latter switching circuit of means
for delaying the application of cut-off bias to the
control grid circuit of the electron discharge de-
vice which it controls.

9. The combination of claim 5 in which the
output transmission device in each of said trans-
mission circuits includes an electron discharge
device having a control grid circuit which is dis-
abled by the application of a cut-off bias to the
control grid circuit of that electron discharge de-
vice, and said one switching circuit connected to
the transmission circuit normally operating as
the working circuit being effectively rendered
faster in operation than that switching circuit
connected to the transmission circuit normally
operating as a disabled spare circuit, by the nor-
mal inclusion in the latter switching circuit only
of means for delaying the building up of a cut-
off biag on the control grid circuit of the electron
discharge device in the working circuit, which
said cut-off bias delaying means is transferred
to said one switching circuit on operation of the
other switching circuit fo render the latter effec-
tively faster in operation, after said one switch-
ing circuit has been disabled in response to ab-
normal signal transmission conditions in the
transmission circuit to which it is connected, so
as to condition the other transmission circuit
thereafter during normal signal transmission
conditions therein, as the working circuit trans-
mitting to said output circuit and the first trans-
mission circuit as the disabled spare circuit dur-
ing that time interval.

10. In combination, two line sections each in-
cluding an output amplifier fed from a common
source of signals of wide frequency range and
feeding a common output line, a signal-con-
trolled switching device connected across each
line section in the output of its output amplifier
and responsive to the signal output thereof, when
that amplifier is operative, to disable the output
amplifier in the other line section, the relative
time constants of the two switching devices being
selected so that under normal signaling condi-
tions in one line section only the one switching
device connected thereto is completely operated,
thus normally conditioning said one line section
as the working line transmitting to said output
line and the other line section as a spare line
disabled in its output, means fo continuously
transmit a plurality of pilot waves of different
frequencies outside or within the signal frequency
range, but not interfering with the signal fre-

" quencies, over each of said line sections, a plu-
rality of control devices respectively selective to
a different one of said pilot waves connected
across the output of each line section in front
of its oufput amplifier, each operatively respon-
sive only to deviations in the amplitude level of
the selected pilot wave beyond tolerable level lim-
its, such as would be caused by partial or com-
plete failure of the asscclated line section, to ef-
fectively disable the switching device controlled
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from that. line section, whereby operation of any
of-the control deviges connected. to: & working line
will. cause signal transmission to be effectively
transferred to the spare line hut only if the latter
is in:tolerable operating condition. ‘

11. The comhination of claim 10 in which each
of said control devices connected to each line
section’ includes two oscillators adapted for con-
trol by the pilot wave ‘selected thereby, in sueh
mannerthat. one oscillator- produces. an: output
only for pilot wave inputs to the control device of
levels up to the lower of said tolerable level Hm-
its, which output holds the second oscillator in-
operative to produce an output for such pilot
wave inputs, and said second oscillator produces
a constant output for higher level pilot wave in-
puts up to the higher of said tolerable level lim-
its, and no output for still higher level pilot wave
inputs, the output of said second oscillator beine
go connected to the switching device controlled
from the associated line section that the constant
output of that oscillator for pilot wave inputs of
levels between said tolerable limits will have no
effect on the operation of that switching device,
whereas during periods of pilot wave inputs of
levels outside said tolerable limits when said sec-
ond oscillator produces no output, that switching
device will be disabled.

12, In combination with a source of waves of
a wide range of amplitudes, one oscillator having
a control input controlled by the waves from said
source in such manner as to tend to make said
oscillator produce an output of appreciable power
for wave inputs of all amplitudes up to a given
limiting value within said range, and substan-
tially no output for wave inputs of higher am-
plitudes, a second oscillator having a control in-
put controlled by the waves from said source in
such manner as to make said second oscillator
produce an output of appreciable power for wave
inputs of all amplitudes up to a second limiting
value lower than that of said given value, and
substantially no output for wave inputs of higher
amplitudes, means to apply the output of said
second oscillator to the control input of saig one
oscillator in such manner as to bias the latter
oscillator to cut-off while wave inputs of ampli-
tudes up to said lower limiting value are being
applied thereto from said source, thus providing
a wave output for said one oscillator of appre-
ciable power for wave inputs applied to said con-
trol device from said source over the amplitude
range between said lower and higher limiting
values, and substantially no output for wave in-
puts of amplitudes above and below said range.

13. A control device comprising an output cir-
cuit, an input circuit supplied with alternating
current of a wide range of amplitude levels, a
rectifier for rectifying said current, two oscil-
lators each having a biasing input circuit, the
output of one of said oscillators being coupled
to said output circuit, a pair of potentiometers,
the output of said rectifier being applied to the
biasing input circuit of each of said oscillators
through a different one of said potentiometers
so as to bias the oscillator in accordance with
the voltage drop produced in the associated po-
tentiometer by the rectifier output current, the
resistance values of said potentiometers and their
settings being selected so that said one_oscillator
tends to produce an output of substantially con-
stant power for all amplitude level values of the
current supplied to said input circuit up to a
given higher limiting value, and then cuts off so
as to produce substantially no output for higher
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amplitude level values of the input current, and
the other oscillator produces an ocutput of appre-
cighle power for all amplitude level values of the
current supplied to said input circuit up to a
limiting value lower than said higher value, and
then cuts off so as to produce substantially no
output for higher amplitude level values of input
current and means to apply the output of said
other oscillator to the biasing input of said one

oscillator in such manner that the latter oscil- 10

lator is biased to cut-off during periods in which
the amplitude level of the current supplied to
said input circuit is below said lower limiting
value, thus producing in said output circuit an
appreciable output for current inputs to said in-
put circuit of amplitude levels ranging between
said lower and said higher limiting values, and
substantially no output for current inputs.of am- .
plitude levels below and above said range. -

' BIRNEY DYSART.



