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The present invention relates. to signaling ap-

paratus and, more specifically, to. improvements:

in apparatus for secretly observing all calls han-

dled at any selected substation of an automatic.

telephone system.

In the usual wire tazpping or call’ observing
arrangement, jumper connections are made tathe
conductors of the line extending to the substa-
tion which is to he observed. Such jumper con-
nections may be made either at the: line termi-
nals of the main frame in: the terminating: office,
at some point along ‘the: line extending. to the

substation under observation, or on: the premises

where the substation under observation is lo-
cated. This. arrangement has the disadvantage
that the equipment must be moved from place to
place and the wiring connections must be
changed, in- order operatively o associate the
chserving equipment with different substations:of
the: sy.stem

It i3 an object of the present invention, there-
fore; to. provide improved' apparatus of the char-
acter described, which is so arranged: that any
desired substation of an automatic system may
be brought under observation from a: particular
station or point of observation, without chang~
ing the wiring: of-the-apparatus and without run-

ning jumper connections to the conductors. of
the line extending to the substation. which: it.is

desired to observe.
According to another object of the: invention,

the subscriber controlled automatic. switehing

apparatus of the system. is used for  selectively:
associating the observing equipment with any
desirad: substation of the system.

Tn accordance with a further object of the
invention, the subscriber: controiled automatic
switehing apparatus of the system is: utilized: to.
prevent the substation under observation: from
receiving incoming calls and to forcer all calls
originating at the substation under observation
to be. first routed to the observation: point, and
facilities are provided at this. point. for routing
the calls to their desired destinations:

According to still another object: of the:inven=
tion; facilities are provided at the point of ob~
servationn for transmitting to. the substation
under chservation appropriate signals: as. to the
progress of a call initiated at this. substation..

In the illustrated embodiments of the inven-
tion, the observing equipment is. operatively: as-
sociated with a desired substation by first: rout-
ing a connection from the point of observation
through the automatic switching apparatus .of
the system to the desired substation: The cone
nection is then held from the- observation point
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after it is released. .at the substation and, as
finally - completed; -includes: a reactive talking
bridge-at the final switching stage thereof. This
talking bridge: has the: effect of preventing dial
impulses from: being transmitted: from the sub--
station to- the point of. observation. More spe-
cifically, with. the:-bridge included in the connec-
tion,. operations: of the  substation: calling device
and of the hook switech provided at: the substa-
tion. under. -observation. manifest. themeslves: as
electrical voltage -transients: at: the: observed end
of ‘the .connection. Moreover; the opening and
closing. of .the signaling ecircuit at the-substation
end- thereof, incident: to: the initiation of a call
at. the substation, canses. corresponding changes
in. the- impedance -of the: signaling circuit as
measured at the .observed. end thereof.

It is-ancther object.of the invention to provide
in.a switching and signaling system: of the char-
acter deseribed, an-improved -arrangement for
utilizing  the- transients. produced on the signal-
ing circuit. for effecting the extension of a con-
nection. from. the: sighaling circuit: to another
line..

According; to..another object of the invention,
facilities. controlled: by certain of the transients
appearing ‘on:the signaling circuit are: provided
for- transmitting a. signal of limited duration
back.over this circuit.

According. to- still. another object of the in-
vention, those. faeilities: which are provided in
the apparatus. to. respond to transients appear-
ing on the-signaling circuit, are: arranged in an
improved. manner to. discriminate between a
transient produced. by..opening. the signaling cir-
cuit and. a. transient produced by closing of the
signaling. circuit.

It is. another objeet of the invention to pro-
vide. in. 2 signaling and switching arrangement
of the character described, improved apparatus
for transmitting impulses. to automatic switch-
ing equipment, which. apparatus. is arranged to
be controlled. by the changes in impedance of
the signaling. circuit, as. measured at one end
thereof; which. result. from. the opening and. clos-
ing-of the .cireuit at the other end thereof.

According to.still another object of the inven-
tion, provisions, are. made in the. apparatus for
preventing the impulse transmitting equipment,
and that. apparatus. which responds. to the tran-
sients. appearing. on. the. signaling. circuit, from
falsely. responding: to. the: signal and. transient
voltages: which: are-impressed.-on the circuit inci-
dent to ‘the- operation:-of ‘the. automatc switch-
ing. equipment teo: extend a connection from. the
signaling: circuit:
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The invention, both as to its organization and
method of operation, together with further ob-
jects and advantages thereof, will best be under-
stood by reference to the specification taken in
connection with the accompanying drawings in
which Figs. 1, 2 and 3, when laid side by side in
the order named and combined with Fig. 4, illus-
trate an improved system characterized by the
features of the invention briefly outlined above;
and Figs. 5, 6 and 7, when laid side by side in the
order named and combined with Fig. 4, illustrate
a modified arrangement of the system, also char-
acterized by the features of the present invention.

Referring now more particularly to Figs. 1 to

4, inclusive, of the drawings, the improved ob-
serving apparatus is illustrated in its cireuit re-
lationship to the lines and automatic switching
equipment of a thousan‘,d line automatic tele-
phone system. More spéeifically, the call observ-
ing equipment, as provided at a particular point
of observation, and illustrated in Figs. 1, 2 and 3
of the.drawings, is connected to the automatic
switching apparatus of the system as schemati-
cally shown in Fig. 4 of the drawings, by means
of two lines {8 and {1 which respectively termi-
nate in the exchange of the system in line
switches 14 and 5. Two additional subscriber
lines 8 and 9 are shown in ‘the drawings as ex-
tending to the substations A and B, réspectively.

These lines also terminate in the exchange in line 3

switches- 12 and 13, respectively, through which
access -is gained to the impulse-controlled nu-
merical switches of the exchange. More specifi-

10

15

cally, the impulse-controlled switching equipment - :

of the exchange comprises a plurality of selectors
18, 11, etc., which are accessible to the line
switches individual to the various lines and have
aecess, in turn, to ten groups of connectors, two

w2
Tt

of which respectively include the connectors 18

and 19. Each group of corinectors has access; in
turn, to a particular group of one hundred lines.

It will be understood that the line switches 12,
13, 14 and 16 and the other similar switches of

the system are non-numerical switches in the +*

sense that they are ineffective to perform any
line selecting function other than that of select-
ing an idle one of the selector switches. - The
selector and connector switches, on the other

4

@

hand, are commonly known as numerical switches ¥

in that they are operative to perform particular
line selecting functions in response to impulses
transmitted thereto. Each of the line switches
12, 13, 14, 1§, etc., is preferably of the well known

50

rotary type, of which there are several commier-

cial embodiments. “Each of the'selector and con-
nector switches is preferably of ‘the well known
Strowger type having embodied therein a wiper
carriage structure which is'adapted to be trans-

=
<t

lated vertically to bring the wipers thereof to a -

posmon opposite a particular level of bank con-
tacts, and to then be rotated to bring the wipers
into engagement with a particular set of bank
contacts in a selected level; vertical, rotary and

60

release magnets and control relays suitably con~ «~

nected and arranged to control the energization
of the various magnets and the life switching in
accordance with the particular functions of the
partlcular switch.

65

In order more easily to explain the operation

of the circuits to which the present invention
pertains, a portion of the equipment embodied in
the connector 19 has been shown in detail.: This
connector is- prov1ded with ‘a reactive ‘talking
bridge which, in’" the illustrated arrangement,
comprises the two condensers:28a and 28b.

70
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These two condensers have the function of sepa-
rating the calling and answering loop circuits
included in a connection set up through the con-
nector 18 in so far as direct currents are con-
cerned, while at the same time providing a signal
current channel through which signal currents
may be transmitted befween the two loop cir-
cuits. The connector 19 further conventionally
comprises a line relay 27 having its windings
bridged in series with the exchange battery across
the talking conductors of the trunk incoming to
the connector, and a back-bridge relay 28 having
its windings adapted to be bridged in series with
the exchange battery across the talking wipers
of the connector. As thus connected, the wind-
ings of the two relays 27 and 29 are respectively
included in the calling and answering loop cir-
cuits of a connection completed through the con-
nector 19 between two lines of the system.

The substations served by the system are of
the well known common battery type. Only a
portion of this equipment as provided at the il-
lustrated substations A and B is shown in the
drawings. In brief, this equipment, as provided
at'each of the two substations, comprises a trans-
mitter 21, a receiver 22, a calling device 28 of the
dial-operated type, and a hook or cradle switch
23. Tt will be understood that each of the sub-
stations also includes a ringer bridged across the
conductors of the associated line in series with
a condenser, and an induction coil suitably con-
nected in the circuit to provide the well known
anti-side tone type of voice current transmission.
In the interests of simplifying the disclosure,
these elements have been omitted from the
drawings.

In general, the call observing equipment as
shown in Figs. 1, 2 and 3 of the drawings com-
prises a calling device 24 through operation of
which calls may be routed from the point of
observation through the automatic switching
equipment to any desired substation of the sys-
tem, an operator’s headset 25 which conven-
tionally includes a transmitter and receiver, and
a dial and talk key 26 which may be used selec-
tively to connect the calling device 24 and the
headset 25 to the line 0. The equipment fur-
ther comprises a signal current repeater 30 which
may be connected between the two lines I8 and
{1 through operation of the keys 27 and 28 and
is operative to transmit signal currents between
these two lines in either direction. Briefly con-
sidered, this repeater comprises terminal hybrid
systems which respectively include the two hybrid
coils 3{ and 33 and two associated halancing net-
works 32 and 34. These hybrid systems are con-
nected by an east-west signal current transmis-
sion channel which includes the schematically
llustrated vacuum tube amplifier 35, and by a
west-east signal current transmlsswn channel
which - includes. the schematically illustrated
vacuum tube amplifier 38. It will be understood

in this regard that the amplifier 35 as provided

in the east-west channel between the two hybrid
coils 3! and 33 is utilized to transmit signal cur-
rents from the line 10 to the line 11, and that
the amplifier 36 as provided in the west-east
channel connecting the hybrid coils 33 and 3
is utilized to transmit signal currents in the
reverse direction, i. e., from the line fi to the
line 10. :

. In order to extend a connection from the ob-
serving point to a desired substation under the
control of the calling device provided at a sub-
station under: observation, the .control equip-
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“ment “illustrated “in ‘the -upper -portion ~of “Figs.
1,°2-and 3-of the-drawings:is- -provided. : In-gen-
-eral, this equipment -comprises a “transient- de-
“tector-40- of ‘the thermionic:type, -an-impedance
‘detector <60 -also-of the thermionic type, and-a
-group -of - control-relays <15, I1,.79,781 -85, 81, 89
and 92, - Of the enumerated relays, those identi-
fied-by ‘the referencenumeralsi15,.81,785,89 and
.92 -are -of ‘the-conventional single :winding, fast-
acting type. 'The -double wound relay T19,-on
.the-other hand, ‘is-of the wéllknown -differential
‘type; such that:it will-operate and remain:oper-
‘gted vwhen -either -of -itsvtwo windings' is-ener-
‘gized but will ‘restore when both .of ‘ibswindings
:are ‘concurrently -energized. Finally,  the .itwo
relays 17 andi87 are:previded: with:bothyoperating
:and ‘holding -windings. “More .specifically, ithe
lower winding of:each:of-these relays:may.bepre-
.ensrgized without . causing:the relay: to;operate.

“When, however, the:uppar operating .winding:of -

-either -of :these. relays:is. subsequently -energized
-to-cause the operation: thereof, normal:zated;cur-
rent flow.through:the lower :winding:of ‘the relay
will.serve to hold the relay:in,its.operated posi-
tion after.the .upper.winding:of the .relay is.de-
-energized, A key 88:is provided .in :the .equip-
:ment 1o .control thepreenergization of the hold-
Ang-windings:Hor the ‘two relays T1.and (87 :and
:to provide:a.locking circnit.for:the relay 89.

As will -he ;apparent from: the following de-
“tailed. consideration :of the-disclosed circuits, the
.operation of the apparatus requires ;that the
_relay 19 -be released:.a:predetermined time .in-
“tervaliafter it-is-initially.operated. For the pur-
pose-of -measuring thisctimeinterval, a time delay
.device is provided. This :device comprises <&
thermionic -diode §5 :having an :output circuif
.which includes the -lower :winding of the dif-
‘ferential :relay 18:and .a-source of anode poten-
tial-98, and a cathode heating circuit :which.in-
cludes the . current .souree 87 .and an .adjustable
eurrent . limiting -rheostat -86. -For the purpose
of disassociating the illustrated .control equip-
ment.from-a. connection-set. up through the point
of observation, after the functions, assigned. to
this -equipment .have .heen :discharged -thereby,-a
key 14 .of the .well known locking type and hav-
-ing .two operating positions is. provided.

Referring -now. more particularly .to. the tran-
_sient detector-48, it .will be noted that this detector.
is arranged .to control the relay 15.and that.ifs
input terminals are coupled to the.output termi-
nals.of the.channel amplifier 35.by means-of the
coupling condenser -48. - This.detector comprises

.8 three-electrode .transient amplifier tube 44 of.

the indirectly heated cathcde type; .a three-elec-
trode controlitube 42, .also-of the indirectly heated
-catnode-type; and.a.full wave copper,oxide recti-
fier .43 having. its input. terminals coupled.to.the
output .electrodes .of .the tube 42 through.a cou-
pling . fransformer 44 and its output .terminals
Dbridged by a condenser 45 having the function of
_controlling the.operate and release periods.of the
relay 15. ‘More specifieally considered, the input
glectrodes 4ig-and -4ic.are coupled to the output
" terminals of the amplifier 35 through. a..resist-
ance-capacitance coupling network .which includes
the. resistor 87 and the condenser-48. A cathode
biasing.circuit 46.comprising the shunt-connected
. resistor 46a.and condenser 48c is included. in the
output circuit .of the tube 41 to .provide the re-
quired normal bias voltage between the input.elec-
trodes -Atc and Alg.-of the tube:4i. The.output
:elentrodes. & a.and.4{c;of the. amplifier tube 41.are
.eoupled to the .input.electrodes 42g.and:-42¢ of the

-g0 :threugh /the:by-pass scondenser 68.

50 is @ -tuned :

85 the two:tubes.

<
6

-control tihe#2through :a resistance<capasitance
-petwork:which:includes the resistors:8 (~and §2-and
‘the condenser:49. " The normalbias between the
input.electrodes-of-the‘tube 2 is providedby-a-C
5 botteryiBbiuvhich is:connectedbetween these-elec-
strodes in-series withthe two-: resistors 51 and 52,
This'biasvoltage-may beiinereased underthe con-
-troliof the relay:8 by shunting the resistor &1 by
an additional’C battery ‘53-havingits: termingls
10 so poled that the voltage thereof is added to the
-voltage:of the battery'50. Anode voltageforithe
“Hwotubes$1-andid? is-supplied by a-current-source
:54 rhaving 'its ‘positive terminal connected to the
.angde o42q ‘through ithe primary »winding-of -the
15 -coupling transformer 44 and to the anode #la

ithroughithe inductance elements.
Thetimpedance detector df, as-shown'in the-up-
<per. portion.of *Fig. 3-0f the-drawings, comprises
s thermionic audiosfrequency oscillator-employing
90 -the five-electrode +ostillator -tube 61, -2 weetifier
iwhich .ineludes:the .three-electrods ‘vacuum-tube
68, -andsa pulsing relay 92:-having its winding'in-
-cludedin the:cutput circuit of the rectifiertube
88, More specifically;ithe: osciliator-sectionof-the

o5 -detector:88 comprises.a. condenser 53 and the-see-

sondary winding:84b:of a coupling.transformerifa,

which: are:shunt.connected toform:g frequency
determining tank-cireuit. Thistank circult iscou-
pleditdo the: grid-8 tp and eathode'd le-of: theitube B
“The screen
selectrode:8 tg. acts -as the:control grid-of the-oscil-
Jatersand. a sportion of the:oscillatory:voltage-de~
veélopedsacross:the tuneditank circuitiis impressed
.on thisigrid-through-the:condenser:8§-and the:in-

g5 ber-electrade capacitance between this -electrede

-and:the :grid :64p. The potential difference be-
sween (the control:grid:6ig and the cathode fic
sefithe tube, i.;e.thebiason the:gridiflyg, is'deter-
mined:by:the leak resistor T3 connected between
40 these twoelements. The cutput electrodes-cf the
-oscillator-tuhe 81 ;are . coupled :to the inpit elec~
strodestof-the rectifierstube -88 by means:gf-a’cou~
pling transformer:87.  More particularly, the elec-
dron:stream within ithe tube 18 and .specifically
45 thatwhich:iextendsibo the anode 8ia,as modulated
sbyrehanges:dn the.netentidl onithe gridiBly,is used
to-couple the:primary:winding.of the transformer
&1 with the joscillatory portion of the tube: cir-
reuit. - Effectively, the arrangement just described
nlate circuit.ceseillator, with the:grid
“84p actingras-the:anode and the:screen electrode
-1 acting as the.control grid:toiindivectly. produce
changes:in the-electron streams:in response £0.po~
~tential changesithereon. Thisiarrangement, while
55 capable of producing the:requisite output voltage
.across-the:primary winding of the-coupling trans-
former 87,is not capable:of handling.any substan-
tialdoad. -Accomd‘ingly; when:the impedance across
Cits input terminals 69 is.altered to effectively in-
60 crease the load.imposed -thereon, the oscﬂla.tor
immediately ceases.to.operate.
-Anode ‘potential for:the two tubes: &1 and 8%-is
supplied by a.direct current source 12, the negative
terminal. of -which:is-connected . te the cathoedesiof
The.positive terminal of thissource
is:connected to the.ancde of the:tube 68 through
~the winding of the relay 92:and:to the anode 4o
through the primary winding-of .the transformer
81, Tt is-also connected. to-the-electrode Gip.of the
7o tube B through the -secondary -winding of the
-eoupling transformer 64. The rectifier tube 58 is
normally biased slightly heyond cut-off by :the
voltage .of .2 C battery -T1,; which voltage isnega-
tively -applied to:the control-grid of the tube 83
75:through the :secondary :winding :of “the coupling
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transfotmer 61. Current for energizing the re-
spective relays 11, 19, 81, 85, 87 and 89 may be de-
rived from any suitable direct current source. The
positive terminal of this source is connected to all
terminals indicated by the ground symbol while
the negative terminal thereof is connected to those
terminals identified by the negative polarity sign.
This source may also be used to energize the re-
spective cathode heaters of the four tubes 41, 42,
61 and 68.

In considering the operation of the equipment
thus far described, it may be assumed that an at-
tendant at the point of observation desires to
monitor all calls originating at the substation ‘A.

In order to condition the observing equipment for -

operation, the key 74 is operated to the position
illustrated in the drawings, and the key 94 is
actuated to its closed-circuit position to complete
- obvious circuits for energizing the respective
holding windings of the two relays 17 and 87.
After these key operations are completed, and in
order to force all calls oulgoing from the substa~
tion- A to be routed by way of the point of obser-
vation, the attendant at this point must set up a
connection to this substation. To this end the
key 26 is thrown to its dial and talk position
wherein the contacts 26a and 26b are respec-
tively closed, and the calling device 24 is actuated
in accordance with the digits of the directory

number assigned to this substation. When the.

key 26 is thrown to its dial position, a loop circuit
including the conductors of the line {0, the con-
tacts 26a and 265, and the pulsing springs of the
calling device 24 is completed for energizing the
line relay conventionally embodied in the line
switch 14. In response to this operation, the line
switch 14 functions in a well known manner to
select an idle one of the selectors to which it has
access Assuming that the selector 17 is seized by

the line switch 14, the loop circuit is extended to.

this selector to cause the line and hold relays
embodied therein to operate and complete the
usual dial tone signaling circuit, whereby a dial
tone signal is produced by the receiver of the op-

erator’s headset 25. When this signal is received,

the attendant may actuate the calling device 24
in accordance with the three digits of the direc-
tory number assigned to the desired substation A.
Incident to the off-normal movement of the dial

embodied in this device, the lower shunt springs’

thereof are closed to complete an cbvious path
for short-circuiting the operator’s headset 25 in
order to lower the resistance of the dialing circuit,
and to prevent the opening and closing of this
circuit from producing clicks in the receiver of
the headset. These springs are opened to inter-
rupt the short-circuiting path each time the dial
of the calling device is returned to normal. Dur-
ing each return movement of the dial, the upper
pulsing springs of the calling device are opened
and closed a number of times, determined by the
numerical value of the digit dialed. In this re-
gard it will be understood that the impulses of the
first digit are utilized to elevate the wipers of the
selector 17 to a position opposite the level of bank
contacts through which access is gained to the
connectors having access to the line 8. During
the inter-digit pause separating the first and sec-
ond digits, these wipers are automatically rotated
over the contacts of the selected level succes-
sively to test the connectors of the selected group
until an idle connector is found therein. Assum-
ing, for example, that the connector 18 is the first
available connector of the group, operation of the
selector 11 is arrested and the calling loop circuit
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is switched through to this connector when the
wipers of the selector are positioned on the bank
contacts terminating the conductors of the trunk
incoming to this connector. Incident to this op-
eration the windings of the line relay 27 are in-
cluded in the calling loop circuit. After the con-
nection has thus been extended to the connector
{8 and when the final digits of the directory
number assigned to the substation A are dialed,
the wipers of this connector are positioned on the
contacts terminating the conductors of the line 8.
More specifically, the second digit as dialed into
the connector 19 is utilized to elevate the wipers
of this connector to a position opposite the level
of bank contacts in which the conductors of the
line 8 are terminated, while the third and final
digit is used to rotate the connector wipers until
they engage the particuluar bank contacts to
which the conductors of the line 8 are connected.
After the line 8 is thus selected it is tested in the
connector 19 to determine the idle or busy condi-
tion thereof, and if busy the usual busy signal is
transmitted over the calling loop circuit to ener-
gize the receiver of the operator’s headset 25. If
such a signal is received the atiendant at the ob-
servation point may release the connection by re-
storing the key 28 to its normal position to open
the calling loop circuit. If the called line 8 is idle
at the time it is selected by the connector 19, the
control equipment of this connector operates in
an entirely conventional manner to transmit
ringing current thereover for the purpose of en-
ergizing the ringer provided at the substation A.
Incident to this operation, ground potential is
applied to the private wiper of the connector for
the purpose of marking the line 8 as busy to the
other connectors and thus guarding this line
against incoming calls from the other substations
of the system. The desired conversational circuit
between the observation point and the substation
A is completed when the receiver 22¢ is removed
from the supporting hook of the hook switch 23a.
More specifically, when the contacts of this hook
switch are closed, an answering loop circuit is
completed which includes the winding of the ring
cut-off relay conventionally embodied in the con-
nector 19, the conductors of the line 8, the pulsing
springs of the calling device 20a, the transmitter
21a, the receiver 22¢ and the contact springs of
the hook switch 23a. In operating, the ring cut-
off relay of the connector {8 operates to terminate
the transmission of ringing current over the line .
8 and to extend the answering loop circuit to in-
clude the windings of the back-bridge relay 29.
Following these relay operations in the connector
19 the desired talking circuit is completed.

It will be understood that the attendant at the
observation point must have a reasonable pretext
for calling the substation A in order to prevent
the answering party at this substation from sus-
pecting the nature of the call. At the conclusion
of the conversation, the attendant maintains the
calling loop circuit closed in order to prevent the
release of the operated switch train through
which the connection extends. In this regard it
is pointed out that the connector 19 is either of
the last-party release or of the calling-party re-
lease type. With either type of connector the
only operation resulting from the opening of the
answering loop circuit at the substation A is that
of deenergizing the back-bridge relay 29. Thus,
following the release of the connection at the
substation A, the line 8 extending thereto re-
mains guarded against incoming calls and all
calls initiated at this substation can only be
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extended. over. a route -which includes.the coms-
pleted connection to the.point. of observation..

After the connection is thus seb.up-between.
the observing point. and the substation. A, the:
attendant may operate the. keys 31. and: 38 to.
their closed-circuit positions, thereby: to.connect.

the conductors: of the lines .i0.and {1 to the ter-

minals of the hybrid coils. 31.and. 33, respectively,.
and operatively. to. associate-the .control eq@ip~-

ment with these lines. Affer the.key.31.is oper-

ated to its closed-circuit position, two parallel

direet current paths are bridged across the con-
ductors of the line i3, one of these paths includ-

ing the contacts 74¢ and 81 and the series-con-

nected windings of the hybrid coil 31, and the
other including the contacts T4a and the primary
winding Béa. of the coupling transformer. 64. It
will be appreciated that after these paths are
closed, the dial and talk key 26 may be restored
to normal without relea:ing the connection.as set

o through the switches 14, 1T and (9 fo. the
line 8.

At this point, it is in.order to comment briefly
on the factors which are utilized in the control
apparatus at the observation point. to effect. the
extension of a connection to the desired substa-
tion. Briefly, these factors are the change in
impedance produced. across the input terminals

%9 of the impedance detector 69 incident to the

opening and closing of the answering loop circuit
exitending between the connector 18 and the sub-

station A, and the transient voltages which are:

produced across the conductors of the line 18.in
response to the opening and..closing of the an-
swering loop circuit. In. this regard it. will be
understood. that when the- contacts of the hook
switeh 28q.or the pulsing contacts of the calling,
device 28a are closed to.complete the answering,
loop . circuit, a. voltage transient is produced
across the conductors of.the line 19 and .appears
across the line terminals. of the hybrid coil 31,
the terminals 89, and the termina's of the: re-
ceiver in the operator’s-headset 25. This tran-
sient manifests itself as a click in- the receiver
of the. operator’s headset. Also incident to the
closing of the answering loop.circuit, the imped-
ance of the overall signaling. circuit as measured:
at the line terminals of the hybrid coil 3i and
the input terminals 88.0f.the impedance-detector

5815 substantially changed,. assuming that the 5

lines-§-and. 18 are-not unduly long. . More -speeifi~
cally, this signaling circuit effectively comprises.
two links which are- rather closely coupled
through the condensers 28a. and 28b. of the con-
nector talking bridge:
these links, i. e., that comprising:the answering
loop.circuit; is effectively short-circuited through
the substation eguipment at the substation A,
the impedance of the circuit as measured at the
far: end of the: other link, i. e, across the line
terming's of the hybrid coil 31 and the:terminals,
68, is- substantially deereased. Each time  the
answering loop circuit as completed: between the
connector {9 and the substation A-is opened,
either at-the: contact springs of the heck switch
23a or at the pulsing contacts of the calling de=
vice 28a, a: voltage transient is:produced aeross
the conductors of the:line 8 which: is-substan-
tislly -greater in amplitude than: that: produced
when: the answering loon: circuit- is-closed: In
this case the counter electromotive:force-devel-
oped in the windings of the back-bridge-relay- 29
is. additively combined with. the. voltage of the
exchange: battery: and impressed: through: the
condensers: 28« and: 28b-across

Accordingly, when oneof ¢
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- relay. 11+ closes:
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the ine:10.and hence.across.the.terminals.of - the:
hybrid-coil .31 .and. the input.terminals .69: of. the
impedance detector 60.. Also,;when the answers
ing.loop cireuit.is-opened,;the impedance-of.this;
loop, circuit.as reflected.into-the-calling loop.cir-
cuit-is substantially:. increased, whereby: the-effec-.
tive- impedance:of. the. overall. signaling. cireuit
as: measured.at.the:line: terminals-of -the hybrid:
coil 34 -and.the-input terminals:63.o0f the: deteetor:
§9-is increasedi. So:long;:as:.the:-line: windings:
of-the-hybrid.coil. 3l are connected.in.shunt. with:
the, terminals. 69. through. the. contacts 84, the.
low- - impedance: of: these: windings . sufficiently:
loads the oscillator section of;the-detector:60: to

‘prevent:oscillation.thereof.. When, however,, the

contacts. &t are.opened.to disconneet these:winds:
ings-from .actess.the terminals-68; the-operation:
of . the: oscillator: cireuit is-controlled, in.-accords
anece with.the. loading afforded.by the impedance.
of.the.connection as measured at, the-terminals:
88:. Thus;; the:: oscillater portion of:theimpeds
ance-detector:§0 is~only lightly;loaded.and;hence.
rendered:-capable of-oseillating: -during:those-pe=
riods :when: the answering.:loop circuit.extending
to: the-substation . As isopened,;but is rendered
incapabple- of oscillating:; 1mmed1ate1y the- loop:
circuit conneeting:the:. substa,txon A.-with the con=
nector: 18; is..reclosed ;due:-to.-the: increased. load:
imposedithereons:..

From the above explanatlon it will: ber-unders
stood that.when: a:calkiis:subseguently: initiated
at; the:substation A, & transient “voltage-appears:
between: the: conductoxs ofithe-line. iy which:is
impressed. upon the:linestepminals ofs the-hybrid
coil. 31:. 'This: transient: is.transmitted: through
the w1ndmgs of:the:hybrid.coil 3 ;. amplified oy
the :channel amplifier.35,-and; impressed upon-ther
input;electrodes.of;the.amplifier:tube: &4 threugh
the: condenserr 4 The:transient; voltage:is furs
ther: amplified throngh-thetube-4d and impressed
across-the input-electrodessof.the.control-tube: 42
through: thescondenser: 49-. The :resulting tran-
sient. current . flow dns. the:output . cireguits of.the
tube 42-causes: ansinduced-alternating;voltage.of
two oppositely poled: half-cyeles to:-be. developed
in:the.secondary: winding of the:. ceupling:trans=
former- 44 -which:is impressed:upon the input:ters
minals. of..the.full: waves rectifier; 43. This;volt-
age-is-rectified. by:therrectifier:43 .ands impressed
across ‘the winding of the relay 15 through:ithe:
contacts 86:

When:thus: momentarlly energized; the.relay. 18
closesits-contacts:T6.:to,complete an: .obwviouss cire
cuit for energizing:the relay:17.. In.operating;the
. its: contacts::18 -to complete: an
obvieus- circuit for: energizing: the- parallel-con-
neeted. windings:of; the three:relays: 18, 81-and.85:
It-isrnoted that:following; the:operation: of: the
relay- 11, the curreni .traversing. the: lower; or
helding:winding of this:relay.is;suflicientibor main-
tain the relay:in:itsioperated: esition-after the
relay 15 releases:todeenergizesitssupper: swinding;
It may be:neted:-further that:the.condenser: A5.as
bridged acress:the:outpub terminals of thesreeti-
fier. 43+is; utilized: tosustain; the: -enexgization:of
the-relay: 15-until the:four-relays-11:. 19: 84:.and
85-have.completed-their eperation.

The.relay -18; upon:.operating;. opens:its: con~
tacts. 80.to. deenergize. thresrelay 15 and:thus: pre-
vent-thelatter relay :froms responding: to sfupther
fransient: veltages: appearing. across: the.  conr
ductors: of* the: lines L0 until such: time: as. the
relay: 19:is. deenergized;.. The:relay 84y upon.opes=
ating; closes: itsx contacts: 82 to- conneet . the: C
battery 53:n: shuntwith: themesistor 5h:and:theres
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by increase the negative bias on the control grid
42g of the tube 42 to a value substantially beyond
the point of anode current cut-off. Thus the
transient detector 40 is prevented fromn passing
transient voltages of small amplitude that may
appear across the conductors of the line 16, More
specifically, the magnitude of the bias voltage
impressed between the input electrodes of the
tube 42 is, following operation of the relay 81,
sufficient. to prevent the transient detector from
transmitting any transient voltage except one
equal to or greater than that produced by open-
ing the loop ¢ircuit which connects the connector
{9 with the substation A.

In operating, the relay 81 also closes its con-
tacts 84 to complete a loop circuit between the
point of observation and the line switch 15. This
circuif includes the conductors of the line |1, the
contacts of the key 38, the series-connected line
windihgs of the hybrid coil 33, and the contacts
93, 84 and T4c. In operating, the relay 81 also
closes its contacts 83 to prepare a circuit for ener-
gizing the parallel-connected windings of the

10

15

20

relays 87 and 89. It is noted in this regard that -

the relay 81 is so adjusted that the contacts 83

thereof are the last to close and are only engaged-

after the relay 75 has released to open its con-
tacts 76. "Thus the relays 87 and 89 are prevented
from operating in response o the initial opera-
tion of the relay 719.

When the.above-described loop circuit is com-
pleted by way of the line 1 to the line switch 185,
this line switch operates to extend the circuit to
the first idle selector to which it has access.
Assuming that the selector 16 is seized through
the line switch (5, the calling loop circuit is ex-
tended thereto and the control equipment of this
selector is operated to complete the usual dial
tone signaling circuit. ‘The signal voltage thus
impressed across the conductors of the line 11 is
transmitted through the hybrid coil 33, amplified
by the west-east channel amplifier 36, and trans-
mitted through the hybrid coil 31 to be impressed

upon the conductors of the line 10. From this

point the signal current is transmitted over the
connection established between the observing
point and the substation A to energize the
receiver 22a¢ and thus inform the calling party at
this substation that the dialing operation may
be started.

Incident to the extension of the connection from
the observation point through the line switch 15
to the selector 16; at least two line switching
operanons are performed in these two switches;
which result ‘in transient voltages appearing
across the conductors of the line fiI. Such volt-
ages together with the dial tone signal voltage are
transmitted through the hybrid coil 33 and the
amplifier 36 to the hybrid coil 31. If the imped-
ance of the balancing network 32 exactly matches
the line impedance as measured between’ the line
terminals of the hybrid coil 31, these voltages are
not impressed upon the input terminals of the
amplifier 35. ‘In practice, hOWeVeI’, ‘a “precise
matching of the two indicated ‘impedances™ is
seldom If ever obtained, with the result that a
cerfain amount of unbalance of the hybrid sys-
tem, representing-a certain amount of coupling
between the west-east channel and the east-west
channel, obtains. Accordingly, -portions of the
above-noted transient and signal voltages are
transmitted through the hybrid coil 31, amplified
by the amplifier 35 and impressed upon the input
electrodes of the transient detector 40. Since,

however, the relay 19 is operated during the in-~
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terval required to extend the connection from
the observation point over the line {{ to the
selector 16 In the manner just explained, it will
be understood that if the transient voltages pro-
duced incident to the extension of the connection
and transmitted to the input side of the transient
detector 40 are passed through this detector, the
relay 15 is prevented from operating. 'Thus, so
long as the relay 79 is operated the operating
circuit for the relay 715 is held open at the con-
tacts 80.

After a predetermined time interval just ex-
ceeding that required to extend the connection to
the selector 18, the relay 79 is caused to release
to reprepare the circuit for energizing the relay
T8.  Thus, when the relay 85 opsrates in the man-
ner explained above, it closes ifs contacts 88 to
complete a circuit including the battery 87 and
the encircuited resistance of the rheostat 86 for
energizing the cathode of the diode 9%. After
a short time interval required for the cathode
of this tube to be heated to its electron emitting
temperature, current derived from the source 98
is passed through the space current path of this
tube to energize the lower winding of the relay
78. When both of its windings are thus ener-
gized, this reiay releases and closes its contacts
808 to reprepare the circuit for energizing the re-
lay 15. It will be understood from the above
explanation that the time interval during which
the relay 79 is operated is determined- entirely
by the setting of the rheostat 98 to fix the period
required for the cathode of the diode 85 to be
heated to: its electron emitting temperature.
Preferably, this rheostat is so adjusted that the
indicated time interval only slightly exceeds thatb
period which is required for a connection to he
extended through a line switch to a selector. This

-period may be of the order of one or two seconds.

After the relay 79 releases, the relay 15 is ren-
dered responsive to any transient or signal volt~
age that may be incidentally transmitted through
the detector 49. The purpose of utilizing the
relay 81 to increase the negative bias voltage
upon the control grid 42%g of the control tube 42
in the manner explained above now becomes ap-
parent. Thus by increasing this voltage the
transient detector 40 is rendered incapable of
passing the dial tone signal voltage and such in-
cidental transient voltages as may be impressed
upon the input terminals thereof. Accordingly,
false gperation of the relay 15 is prevented. The
above-noted transient and sighal voltages pro-
duced across the line terminals of the hybrid
coil 3! incident to the extension of a connection
from the cbservation point to the selector 16, are
also directly impressed across the input terminals
69 of the impedance detector §8. As previously
stated, however, with the line windings of the
hybrid coil 3{ bridged across these terminals, the
oscillator portion of the impedance detector 69 is
prevented from operating. Accordingly, the
transient and signal voltages appearing across the
input terminals 83 of this detector are prevented
from causing false operation of the puising re-
lay 92.

When the dial tone signal is received at the
substation A, the calling party may actuate the
dial of the calling device 20a in accordance with
the digits of the directory number designating
the desired substation. For purposes of explana-
tion it may be assumed that the substation B is
desired by the calling party. When the dial of
the calling device 28a is moved off normal at the
start of each dialing operation, the lower shunt
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springs of’ thig:deviée are-closed 'to-complete an
obvious path for shert-eircuiting the:transmitter
21q- and the -receiver 225; thereby: to:lower- the:
resistance of the loop-citcuit .connecting.the sub-

station A.with: the conneetor I8, and to.prevent -

the transmitted:impulses from being: reproduced
as-clicks by-the veceiver-22a.. These shunt:springs
are-obviously: opened ito:interrupt: the short-cir-
cuiting- path: each time-the: dial- of the:calling
device- 28¢ . is: returned’ to: its. normal’ position.
During each:return: movement of this. dial,. the
upper - pulsing: springs..of: the: calling” device: 28a
are.opened and closed a:number.of timesto trans-
mit aicorresponding number of:impulses over: the
line 8. These impulses are followed by the back=
bridge relay.:29:. In:this regard: it will:be under-
stood that each time the impulsing .springs of the
calling-device: 20a. are :opened, a transient voltage
of rather. large: amplitude: is: produced: between
the conductorssof-the:line: {0, and the impedance
of: the: connection: as- set up- between. the: sub-~
station: A and: the  observation- peoint, and:. as
measured across.the input: terminals 68 of the
impedance.detector §9; is-substantially increased.
It- will. also.be understood: that: eachs time: the
pulsing springs ofithe-calling device:20a. are closed
at.the:end -of:the-open-circuit: period of ‘an im-
pulse; a transient voltage of lesser-magnitude is
produced. across the conductors -of ‘the:line {9
and the impedance-between-the input.terminals
89 of the-impedance: detector: 60:is substantially:
decreased.

The: transient. voltage  produced: between the
conductors- of - the line: 18- at. the: beginning of
the open-circuit. period -of: the- first: impulse: of
the first digit:dialed.at the substation A, is trans-
mitted through the hybrid-coil. 31, amplified by
the-channel - amplifier: 35: and  impressed - across
the input. electrodes: of- the amplifier: tube &1,
This- voltage as amplified: through: the- tube 4
is-impressed between the:input electrodes:. of the
contro! tube 42 and is of. sufficient amplitude:to.
overcome the negative bias.-afforded by the bias
batteries 58 and 53. Thusthe-transient is passed

to the output circuit of the tube 42.and transmits- 4

ted through the rectifier 43-to cause-thereopera~
tion.of the relay 15. Upon operating: the second
time, the relay 75 .closes.its:contacts 75.t0; agaimm
energize the upper winding:of the-relay: 11 and.to
complete a circuit through the contacts-83: for
energizing the parallel-connected windings-of.the
two relays 87T and 89. The relay 83; upen .operai-
ing, locks up in g circuit which includes- the. con-
tacts 82. and. the contacts. of the switch-94.. At
its .contacts 91, the relay 89 opens the. path.over
which the line.windings of .the hybrid.coil. 34 are
bridged across the conductors of the.line 10-and
across the input. terminals 89 of. the-impedance
detector. 60. It will. be.observed: that. after this
path is opened the transient or signal voltages
thereafter appearing across.the conductors.of. the
line 10 cannot e transmitted through the hybrid
coil 31 and the amplifier 35 to.the input terminals
of tHe transient detector 48. Moreover, with.this
path. opened; the low impedance presented. by,
the line windings of the hybrid coil 31 isno Ionger
connected in shunt with the input terminals 6§
of the.impedance déetector 69 to. interfere with
t¥e response of’this detector to changes in. the
impedance of the. signaling. circuit. afforded. By
tHe. continued operation. of the pulsing springs
in the calling device 20a.

After the relay 87 is operated, it. will, by virtue
of the continued energization of:its:lower.winds
ing, remain.operated. after its.upper. winding:is
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deenergized. 'This relay, in operating, closes its’
contacts 88 to complete a path through the con-
tacts- 14e-for:short-eircuiting ‘the input terminals
of the west-east channel amplifier 35. The short--
circuiting of these terminals prevents transient
voltages appearing across the conductors of the
line- 14, and procduced incident to the exbension
of the: connection to the desired substation B,
from peing transmitted through the hybrid coil
33, the amplifier 38; the unbalanced hybrid sys-
tem including the hybrid coil 31 and the ampli-~-
fiar- 35 to-the input: terminals of the. iransient
detector 40 Thus this-detector is prevented from
falsely: responding to- those transient voltages
produced on the lihe {4 incident to the extension
of 'the connection. More generally considered, it
will be noted that following the operation of: the
two relays 8T and.89; the signal current repeater
30 is- rendered completely- inactive to transmit
signal’ and. transient. voltages therethrough. in
either direction. Thus, the transient detector 40
is: rendered completely: inactive and the dial tone
signal transmitted: through the repeater 30 in
response to the first-operation of the relay 15 is.
terminated.

When the impedance across the terminals. 82
is: iicreased’ in' the manner just explained, op-
eration of the oscillator section .of the impedance
detector- 68 is initiated. The osciliatory voltage
produced: aeross the cutput.circuit: of the tube 61
is transmitted. to the input civeuit of the rectifier
tube: 68 and: alternate half-cycles thereof are
passed-through the: winding of the pulsing relay
92: This current is smoothed through the aciion
of the: condenser:10 so that the relay 82 is effec-
tively energized by: o uni-directional current. Im-
mediately this:relay is energized it opens its con-
tacts 83 1o interrupt the loop circuit as extended
by ‘way of: the line i and the line switch 18 to
the selector: 18

At.the end of the open-circuit pericd of the
first impulse dialed at the substation A, the im-
pedance-across the input terminals §8 of the Im-
pedance: detector 89 is: substantially decreased
with-the result that the oscillator section of the
impedance detector: 88 stops oscillating to terini-
nate-the-current:8ow through ths winding of the
pulsing relay 2. This relay, in releasing, re-
closes-its: contacts: 83 te. recomplete the loop cir-—
cuit extending to the selector 18 and thus com-
plete. the- irapulse. transmitied. to. this selector.
The response-of the impedance detector §¢ to the
other impuises . transmitted to the observation
point. through continued. operation of the calling
device 20a:is exactly. the same as just explained.
In. this. regard it will ke understeod that the im-
pulses.of the first.digit as repeated to the selector
{6.are utilizedsin: th tor to extend the con-
nection.tc.a.connecior, such, for example, as the
connector 18 having, access to.the desived line 8.
Following the switch-through operation of the
selector. 16 and. during the inter-digit pause. be-
tween.the. first.and second. digits, the connecior
18, £6r example, is seized and.conditioned for op-

- eration.. The. impulses. of the szcond and third

digits, as: repeated to the connector 18 threugh
operation of thHe impsdance detector 83 and the
pulsing reiay 82, are utilized'to position the wipers
of this connector on.the contacts terminating the
conduetors-of .the line 8. After this line is selected
it is tested in the usuval manner to:.determine the
idle or-busy condition theresi, and, if busy, the
usual busy signal is returned over the line It
On:-the-other-hand; if the line-& tests idle, ringing
current is: transmitted. thereover to. energize:the
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ringer provided at the substation B and the usual
ring~back tone signal is returned over the Line #1.

The attendant at the point of observation may,
by retaining the key 2§ in its dial and talk posi-
tion, monitor the dialing operation to determine
when this operation is completed. In this regard
it will be understood that each impulse transmit-
ted by the calling device 28c¢ produces two tran-
sient voltages across the conductors of the line 18,
which are reproduced as clicks by the receiver
of the operator’s headset 25. Accordingly the

attendant, upon observing that the clicks have-

stopped, is informed that the dialing operation is
completed. Immediately after the dialing opera-=
tion is completed, the key 74 may be actuated from
its illustrated normal position to an off-normal
position wherein the contacts 748a, T4c and 18e
thereof are respectively disengaged, and the con-
tacts 185, 78d and T&f are respectively engaged.
At the contacts T4a, the path for bridging the in-
put terminals 89 of the impedance detector 68
across the conductors of the line {8 is opened,
thereby to render this detector wholly inactive.
At the contacts 74b, the line windings of the
hybrid coil 3{ are again bridged across the con-
ductors of the line 8. At the contacts Tde and
T4d, the loop circuit extending from the point of
observation to the connector {8 is rearranged so
that the relay contacts 84 and 93 are excluded
therefrom. At the contacts T4e, the path short-
circuiting the input terminals of the amplifier 85
is opened, thereby to render the signal current re-
peater 38 operative to transmit signal voltages
from the line i1 to the line 16. At the contacts
747, the output terminals of the other channel
amplifier 35 are bridged across the transmitting
winding 32a¢ of the hybrid coil 38, thereby to
render the signal current repeater 38 operative
to transmit signal voltages from the line 18 to the
line {i{. Incident to the last-mentioned opera-
tion, the transmitting winding 83a of the hybrid
coil 33 is effectively shunted across the input ter-
minals of the transient detector 40, thereby to
render this detector substantially non-responsive
to signal and transient voltages appearing across
the output terminals of the amplifier 35. Follow-
ing the operations just described, the connection
as set up between the subetation A and the con-

nector 18 is fully conditioned to transmit signal v

ang voice frequency currents in either direction.
Thus the busy or ring-back tone signal voltage
impressed upon the line 1 in the connector 18,
incident to the operation of this connector to
test the line 8, is returned over the line { | through

the repeater 30 and over the connection set up °

between the observation point and the substation
A to energize the receiver 22a, whereby the call-
ing party Is informed either that the desired line
is busy or that the called substation is being rung.
The attendant at the observation point also re-
ceives this information, assuming that the key
26 is retained in its dial and talk position wherein
the operator’s headset 25 is bridged across the
conductors of the line 18. :

If the call is answered at the called substation
B the contro! equipment of the connector I8
operates in an entirely conventional manner to
arrest the ringing operation and to complete a
talking circuit between the lines 8 and 1§ and,
hence, between the substations A and B. In this
regard it will be understood that signal currents
produced through operation of the transmitter
2{b are transmitted to the receiver 22¢ over a
‘channel which includes the line 9, the connector
18, the selector 18, the line switch (5, the line ii,
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the hybrid coil 83, the west-east amplifier 36, the
hybrid coil &{, the line 10, the line switch 14, the
selector (1, the connector 18, and the line 8.
Signal currents produced  through operation of
he transmitter 21a, on the other hand, are trans-
mitted to the receiver 22b over a circuit which in-
cludes the line 8, the connector 18, the selector
{7, the line switch (4, the line {9, the hybrid coil
31, the east-west amplifier 35, the hybrid coil 32,
the line {1, the line switch 19, the selector 16,
the connector 18, and the line 9. So long as the
operator’s headset 25 is bridged across the con-
ductors of the line 18, the attendant at the ob-
servation point may, of course, monitor or listen
in on the conversation held between the calling
party at the substation A and the called party
at the substation B.

“After the conversation is terminated and the
connection is released at both the calling and
called ends thereof, the attendant may release
the switch train through which the connection
is extended to the substation B by actuating the
key 38 to its open-circuit position to interrupt
the loop circuit as set up between the point of ob-
servation and the connector 16. When this loop
circuit is opened the connector {8, the selector
18 and the line swifch {5 are restored to normal
in a manner well understood in the art. In this
regard it will be understood that if the attendant
at the point of observation desires to release the
cennection as set up to the substation A under ob-
servation, the key 26 may be returned to normal
and the key 37 operated to its open-circuit posi-
tion, thereby to interrupt the loop circuit as set
up between the observing equipment and the con-
nector £8. When this loop circuit is opened the
connector 9, the selector 171 and the line switch
{4 are successively released in the usual manner.
Incident to the release of the connector {8, the
private conductor of the line 8 is disconnected
from ground to render this line accessible to the
other connectors of the system.

In the event the call as initiated at the sub-
station A is abandoned at this substation before

2 it Is fully extended to the desired substation B,

the signal voltage produced through operation
of the oscillator section of the impedance detector
60 is transmitted to the receiver of the operator’s
headset 25 to inform the attendant of the aban-
donment of the call. 'Thus when the calling party
restores the receiver 22¢ to the supporting hook
of the hook switch 23a to open the loop circuib
extending between the substation A and the
connector {8, operation of the oscillator section
of the impedance detector 69 is initiated in the
manner explained above. A portion of the oscil-
latory voltage appearing across the tuned tank
circuit of this device is transmitted through the
transformer windings 64a, the contacts T4a, and
the contacts of the two keys 27 and 26 to the
receiver of the operator’s headset 25. 'This signal
is of audio frequency and, as reproduced by the
receiver of the operator’s headset, produces a
distinctive signal which indicates that the initiat-
ed call has been abandoned. Upon receiving this
signal, the operator may release the connection as
extended over the line i{ by operating the key
38 to interrupt the loop circuit established by way
of this line. The manner in which the switches
occupied with the call are released when this
loop circuit is broken will be clearly apparent
from the above explanation.

In order to condition the observing equipment
for use in handling another call after a connec-~
tion has been partially or completely extended
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from this equipment to & called substation and
then released, the key 38 is returned to its closed-
circuit position, the key 14 is returned to the
illustrated normal position thereof, and the key
84. is momentarily operated to. its open-circuit
position. In response tothe latter operation the
parallel-connected windings of the three relays
71,87 and 89 are deenergized, causing all three of
these relays to restore. In releasing, the relay
11 opens its contacts 18 to deenergize the two
relays 81 and 85 and the upper winding of the
relay 718, thus causing the latter relay momen-
tarily to reoperate. The relay 85, upon restoring,
opens its contacts 86 to deenergize the cathode of
the diode 95. When this cathode has cooled for
a short time interval, space current flow there-
through is arrested to deenergize the lower wind-
ing of the relay 19, causing this relay to restore.
-After the relays 15, 87 and 89 have released, the
key 94 may be returned to its closed-circuit posi-
tion in order to again energize the holding wind-
ings of the two relays 77 and 871. Following the
‘operations just described the observing.equipment
1is fully restored to normal and is conditioned to
handle another call originating at the .obsérved
substation A or at another substation which may
be placed under observation in the manner
explained above.

_ Referring now more particularly to Figs. 5,6
and 7 of the drawings, the call observing equip-
ment there illustrated is substantially similar in
circuit arrangement to that shown in Figs. 1, 2
and 3 of the drawings and described above. Ac-
cordingly, corresponding parts of the two differ-
‘ent circuit arrangements have been identified by
reference numerals differing only in the hundreds
digit thereof. For convenience in describing the
circuits involved, the obsetving equipment as illus-
trated in Pigs. 5, 6 and 7 of the drawings is shown
as being connected to the two lines- 10 and 11
which may extend to the line switches {4 and 15
of the automatic switching apparatus shown-in
Fig. 4 of the drawings. In general, this equip-
ment differs from that shown in Figs. 1, 2-and 3
in the ‘provision of -a repeating coil 222 which is
‘inserted in the-channel connecting the conductors
‘of the line 10 with the-input sides of the impedance
detector 160 and the transient detector 140. A
balaneing network comprising the condenser 224
and the resistor 228 is connected across one. set
-of terminals of this coil in order to balance the
impedance of a connection extending to the lirie
terminals of the coil. Facilities are also provided
in the modified arrangement fortransmitting dial
{one signaling current through the repeating-coil
222 to the line 19, and-thence to a substation that
has been placed under observation. These facili-
ties include a dial tone current source 217 having
its output terminals coupled to the dial totie sig-
naling cireuit. ~This sighaling circuit is arranged
to be directly controlled by the relays (81 and 189
of the control relay network, in a mannér such
that the dial tone signal is only transmitted after
g, connection has been extended from the observ-
ing equipment to the first selector of a switch
train. The purpose. of this arrangement is to
provide more positive control of the dial tone
signal transmission and to prevent the.signal volt-
age from producing false operation of the im-
pedance detector (68 or the transient detector 140,
A further change which has been incorporated
in the apparatus shown in Figs. 5, 6 and:7 of the
drawings pertains to the wiring of the keys 137
and 174. It will be noted that the -contacts -of
these keys are so wired that the conductors of
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the line 10 may be connected either to the input
terminals of the repeating coil 222 or the input
terminals to the hybrid eoil 131 but not to both
sets of terminals at the same time. By virtue of
these changes, it is unnecessary to previde faeili-
ties for preventing the transmission of transient
and signal voitages to the transient detector 140
and the impedance detector 18§ during the exten-
sion: of a connection from the apparatus to. &
called substation.

Another change which: has been ineorporated
in the observing equipment shown in Figs. 5, 6
and 7 of the drawings relates to the arrangement
of the transient detector 140, Briefly considered,
this detector comprises a push=push connected
amplifier stage including the two parallel-cori-
nected tubes 2084 and 202; a control stage. ih-
cluding the two parallel-connected: tubes 204 and
265 which are coupléd through thé transformer
208 to the. output electrodes of the smplifier tubes
20iand 2082; and a direct current amplifier com-
prising the two parallel-cotinected tubes 208-and
208 which are resistatice-coupled through the re-
gistors 286 and 287 to the output electrodes of
the tubes:204 and 285, A leak resistor 213 shunted
by a condenser 24 is included in the path con-
necting the eathodes and control grids of the
tubes ‘206 and 205 for the purpcse of limiting
the extent to which the grids of these tubes.-may
be ‘driven positive with respect to their réspec-
tive associated-cathodes. Theé input eleétrodes.of
the first amplifier stage are coupled to the-ter-
minals 2286 of the repeatinig coil 222 through a
coutpling transformer 208 and a pair of coupling
condensers 210 and 2l1. Abattery 242 is provided
for normally biasing the control grids of the two
tubes 204 and 262 substantially to the Poiht of
anode current cut-off. Anodeé current for the six
tubes of the detector 140 is supplied from g direct
current source 248 which is tapped at & point
216 therealong so that the required difference of
potential exists between the-cathode and control
srid of each -of the two direct current amplifier
tubes 208 and 289. In this-regard it will be roted
that the normal bias on the grids of the two tibes
248 and 208 is deterniined by the oppositely di~
reeted current How through the balanced resistors
208 and 207 :and the space curiéent pabis of the
tubes 20& -and 205. The latter tubes normally
operate with zero biag ot ‘their grids so that
substantial currents traverse the -resistors 206
and 207. These currénts are obviously in such
directions that the resulting voltage drops-&cross
the resistors 206 and 20 are negatively applied
to-the grids-of the tubes 208 and 209 in opposition
to the positive bias voltage provided by the sec-
tion 216a of thé battery 245. The ¢ircuib con-
stants are so adjusted that-the net bias voltage as
applied-to the control erid of each of the tiibes 208
-and 209 is sufficlently negative to maintain the
normal space cutrrent flow through the winditg
of the relay 115 substantially below the value re-
quired to operste this relay. Current for energiz-
ing- the relays {11, 19, 185 and 189, and the
cathode heaters of the tubes 201,202, 204,208, 208,
209, {68 and (85 may be supplied by any direct
current source of suttable voltage. e

In considering the operation of the equipment
shown in Pigs. 5, 6 and 7T of the drawings, it may
be assumed that this equipment is oberatively as-
sociated with-the automatic switéhihg appdratus
shown in Fig. ¢ of ‘the drawings; that calls
originating at-the substation A aretobe obisérved;
that the ¢alling device 124 provided at the point
.of observation is utilized 0. direct a cohnection




3467,046

19 .

through the switches 14, 17 and {9 to the sub-
station A; and that the connection is held from
the point of observation after it is released at this
‘substation. After this connection is completed,
the control portion of the apparatus may be con-
‘ditioned to extend a connection over the line {{
to a desired substation by operating the two keys
(37 and 138 to their closed-circuit positions; op-
erating the key 174 to its off-normal position
wherein the contacts {74, 174d and {74e thereof
are respectively engaged and the contacts 174q,
17146 and 174f thereof are respectively disen-
gaged; and operating the key {94 to its closed-
circuit position to prepare a locking circuit for
the relay 189 and to complete an obvious circuit
for energizing the holding winding of the relay
117. With the key 114 operated to its off-normal
position, the contacts {74a and {74c thereof are
respectively disengaged so that the line terminals
of the hybrid coil 131 are disconnected from the
conductors of the line §0. Also, with the con-
tacts 174e of this key closed, an obvious path is
completed for short-circuiting the input ter-
minals of the west-east channel amplifier 138§,
thereby to prevent the signal current repeater
130 from singing.

With the apparatus thus conditioned for opera-
tion, a transient voltage is produced between the
conductors of the line {0 when a call is subse-
quently initiated at the substation A. This volt-
age is impressed upon the input ecircuit of the
transient detector 148 over a channel which in-
cludes the contacts of the key 137, the contacts
174b and 1144, the repeating coil windings 222¢
‘and 222d, and the condensers 210 and 211, and
.appears in the secondary winding of the coupling
‘transformer 200 as an alternating voltage having
& positive half-cycle and a negative half-cycle.
After amplification through the amplifier stage
comprising the two parallel-connected tubes 201
and 202, this voltage appears as an induced volt-
age in the secondary winding of the coupling
transformer 283. During one half-cycle of the
‘amplified voltage the grid of one of the two tubes,
such, for example, as the tube 204, is driven nega-
tive with respect to its associated cathode, there-
.by to cause a sharp decrease in the magnitude of
the space current flow through the resistor 206
and, hence, in the voltage drop across this re-
sistor. Thus the negative bias applied to the con-
trol grid of the direct current amplifier tube 208
is sharply decreased to produce a substantia] in-
crease in the space current flow through this tube
and, hence, through the winding of the relay {75.
Coincident with the current changes just de-
scribed, and during the same half-cycle of the
voltage induced in the secondary winding of the
transformer 203, the control grid of the tube 205
is driven positive with respect to its associated
cathode, to produce an increase in the current
flow through the coupling resistor 207. The ex-
tent to ‘which the control grid of the tube 205 is
driven positive with respect to its associated eath-
ode is limited by the action of the leak resistor
213 in a well known manner. Accordingly, the
increase in space current flow through the tube
205 is limited not to exceed a predetermined value.
It will be understood, moreover, that since the
change in space current flow through this tube is
manifested at a point along the upper flat por-
tion of the tube characteristic, only a small in-
crease in current flow through this tube, and
hence in the bias voltage across the coupling re-
sistor 2071, is produced. This small increase in
bias voltage across the resistor 207 is manifested

20

‘as a decrease in the space current flow through

the tube 209 and, hence, through the winding of
the relay 175, It is noted, however, that the sharp
increase in current flow through the tube 208 sub-
stantially exceeds the decrease in current flow
through the tube 209, and that the resulting net
increase in current flow through the winding of

- ‘the relay 175 is sufﬁment to cause the operation of
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Ang across the conductors of the line ii,

this relay.

During the other half-cycle of the alternating
voltage induced in the secondary winding of :the
coupling transformer 208 as a result of the tran-
sient voltage appearing across the conductors of
the line 18, the potentials on the grids of the tubes
284 and 205 are controlled to produce a sharp de-
crease in space current flow through the tube 205
and a relative small increase in space current flow
through the tube 204, As 3 result the space cur-
rent flow through the tube 208 .is decreased
slightly and that through the tube 2098 is sharply
increased, The net increase in current flow
through the winding of the relay #1715 is sufficient
to maintain this relay in its operated position.
It will thus be understood that the relay {15 is
held operated during both halves of the tran-

‘sient voltage appearing across the conductors of

the line 10.

In operating, the relay I'15 closes its contacts
176 to complete an obvious circuit for energizing
the operating winding of the relay 111, After the
latter relay has operated it will remain in its op-
erated position until its holding winding is de-
energized. In operating; the relay 1717 closes its
contacts: 178 to complete an obvious circuit for
energizing the upper winding of the relay 179 in
parallel with the winding of the relay 85, ‘The
relay {79, upon operating, opens its contacts 180
to deenergize the relay 175, providing the latter
relay is still in its operated position. After the
relay 475 restores, the slow-to-operate relay 185
closes its contacts 183 to prepare the operating
circuit for the relay 189, At its contacts 186, the
relay 185 completes an obvious circuit for ener-

-gizing the cathode of the diode i95.
45

In operating, the relay {85 also closes its con-
tacts- 184 to complete a loop circuit to the line
This cireuit includes the conductors
of the line {1, the contacts of the key 138, the line
windings of the hybrid coil 133, and the contacts
£93. When this loop circuit is completed, the line
switch 15 operates fo extend the connection to
the first idle selector to which it has access. As-

-suming that the selector i6 is seized through the

outlet contacts of the line switch 15, the calling
loop circuit is extended thereto and the control
equipment of this selector is conditioned to re-

‘spond to receive current impulses in the usual
.manner.

Incident to the extension of the con-
nection through the line switch 15 to the selector
16, at least two line switching operations are per-
formed which result in trans1ent voltages appear-
Such
voltages are transmitted through the hybrid coil
33 to the input terminals of the west-east chan-
nel amplifier §36. Since the input terminsls of
this amplifier are short-circuited through the
contacts 1Tée of the key 114, the transient volt-
ages are not transmitted therethrough.

-During the time interval required for the above-
described switching operations to be performed,

the cathode of the dicde 195 is energized from
‘the current source §97 though the rheostat i96.

After a short time interval required for the cath-
ode- of this tube to be heated to. its electron

emitting temperature, current derived from t_hc
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~gsource ‘198 is passed through the space -current
path of this tube to energize the relay 181 in
series with the lower winding of the relay 179.
When both of its windings are thus energized,
the relay 179 releases and closes its contacts 189
to reprepare the circuit for energizing the relay
{15. It will be understood from the above ex-
planation that the time interval during which the
relay 178 remains operated is determined entirely

‘by the setting of the rheostat 186 to fix the -

period required for the cathode of the diode to be
heated to its electron emitting temperature.
Preferably, this rheostat is-so adjusted that the
measured time interval only slightly -exceeds-the
period required for a connection to be extended
from the line i through the line switch 15 to
the selector 18.

When energized through-the space current path
of the diode 185, the relay ‘181 closes its contacts
219 to complete a circuit including the-windings
.of ‘the repeating coil 222, the contacts 174b and
1744 of the key 114, and the contacts of the key
431 for transmitting -signal current  from the
source 247 to the line 10. From this point the
dial tone signal current is transmitted over the
line I8 and -through the tandem-connected
switches 18, 17 and 18 to energize the receiver
22q provided atb the substation A and thus signal
the calling party that the dialing operabion may
be started. Tt is noted that the constants of the
balancing network comprising the condenser 224
and the vesistor 223 are proportioned substan-
tinlly to balance the impedance-of the connec-
tion as set up between the observation point-and
the -substation A.
understood from a brief analysis -.of the circuits
traversed by the signal .current, that the dial
tone signal voltage appearing across-the terminals
236 of the repeating ccil 222 is substantially neg-
ligible.
signal to the substation A is prevented from in-
~cidentally producing a voltage -across the input
terminals of the 1mpedance detector 160 and the
“transient detector 140 of sufficient magnitude to
causeé -the.false operation of either :of the ‘two
relays 115 and 182.
© Yhan the -dial tone signal is received’ at the
~$ubstation A, the calling party may actuate the
dial of the calhng device 20a in accordance with
the digits of the directory number designating
+the desired substation.  “When the calling device
20qis operated to transmit the open-circuit period
of the first impulse, a transient voltage is produced
between the conductors of the dine 11 and im-
pressed across the input terminals of the transient
detecter 143 to cause the reoperation of the relay
175 in the manner explained -above:  In reoper-
ating, the relay 175 closes its contacts (16 to
complete the prepared operating .cireuit for .the
relay 189. The latter relay, in operating, locks
up in a -circuit which includes the contacts 190
and the contacts of the'key 194. At ifs contacts
220, ‘the relay 188 short-circuits the secondary
winding of the dial tone transformer 218, thereby
to terminate the dial tone signal being transmit-
ted over the line 10. At its contacts 221, the relay
189 opens the path over which the balancing net-
work comprising the condenser 224 and the re-
-gistor 223 is bridged between the outer terminals
of ‘the repeating coil windings '222¢ and 2220,
theréby to prevent the oscillator section of the im-
-pedance detector 160 from being loaded by the
impedance through these two .circuit elements.
In this regard it -will-be ‘understood that so-long

as-the parallel-connected -elements::223 iand-224 -

With this in mind, it will be -

Thus the transmission of ‘the dial tone-
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-are -corinected in series with the windings 222a

and 222b across the primary winding of the cou-
pling transformer 184, the oscillator section .of
the detector 180 is too heawily loaded to oscillafe,
regardless of the impedance of the connection .as
set up to the substation A. Aiter the relay 189
is -energized, ‘the impedance .across the ‘input
terminals of the .coupling transformer 164 is,
however, primarily determined by the impedance
of the connection as sef up between the observa-
tion peint and the substation A. This impedance,
it, will ‘be recalled, is sharply wvaried to -corre-
spondingly vary the loading of the oscillator sec-
tion of the impedance detector 160, as the loop

_circuit extending between the connector 19 and

the substation A is'opened and closed during each
impulse transmitted through operation of ‘the
calling device 20a.

The manner in which the impedance -detec-
tor 160 responds to-the impedance changes pro-
duced ‘across the input terminals thereof-inci-
dent to the operation of the calling -device 20a
is exaéily the same as explained above with ref-
erence to the operation of the impedance -de-
tector 68 shown in Fig. 3 of the drawings. From
this explanation it will be understood that the
pulsing relay 192 functions to repeat-each’impulse
dialed at the substation A to the line 1l. The
first series of impulses, i. €., those of the first
digit, are utilized in the- seized selector 16 to ex-
tend the connection from the line i{ to a con-
nector, such, for example, as the conhector 18
having access to the line desired by the calling
party. For explanatory purposes it may -again

be assumed that the substation B is desired -by

the party using the substation A. During -the
inter-digit pause between the first and -second
digits, the selector 16 operates to switch the call-
ing leop circuit through to the connector 18, -as-
suming that this connector is selected during the
trunk-hunting operation of the indicated -se-
lector. When thus seized, the connector is con-
ditioned to respond -to the impulses of the sec-
ond and third:digits of the directory number
-designating the substation B. The 1mpuIses of
these- digits are utilized to position-the wipers
of the connector {8 on theline terminals-at-which
the conductors of the line 9 are terminated.
After the line is thus selected the usual test is
performed in the connector 18 to determine the
idle or busy condition thereof, and, if busy, a

signal to that effect is returned through -the
selector 16 and the line switch 15 to the line .
On the other hand if the called line 9 tests 1d1,e,
ringing ‘current is transmitted thereover to en-
ergize the ringer provided at the substation ‘B
and the usual ring-bkack tone signal 1s transmlt-
ted back over the line 41-.

It will be understood that the attendant at-the
point of observation may, by retaining the dial
and talk key 128 in its operated poesition, monitor
the .dialing operation to determine when ‘it is
completed. In this regard it will be understood
that ‘each impulse transmitted by the calling de-
vice 20a¢ produces two transient voltages across
the conductors of the line 19 which are repro-
duced: as clicks by the receiver of the operator’s
headset 125,  Accordingly, the attendant upon
observing that the clicks have ceased, ‘is “in-
formed  that the dialing operation is completed.
Immediately after the dialing operation 'is ar-
rested, the attendant at the point of observa-
tion may actuate the key 174 to the illustrated
noermal-position thereof for the purpose of com-
-pleting 8 signal and voice current- transmission
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:¢ireuit betweeni the two lines 8 and 9. Incident
‘to this operation the contacts 1714b and {74d are
opened to disconnect the conductors of the line
i0 from the input terminals of the repeating coil
222 and thus effectively disassociate the control
.portion of the observing apparatus from the
‘connection as set up between the lines 8 and 8.
. At the contacts |T4a and (74c the conductors of
“the line §10 are connected to the line terminalg of
the hybrid coil {31, thereby to establish a two-
way transmission circuit through the signal cur-
rent repeater {30 for {ransmitting voice and sig-
nal currents between the lines {1 and 10 in either
direction. At the contacts [74e. the path short-

circuiting the input terminals of the west-east 15

-channel amplifier 138 is opened, thereby to ren-
~der this channel operative to transmit signal cur-
rents from the line {{ to the line 10. At the
contacts 174f, an obvious shunt is established
across the series-connected contacts 184 and 193,
thereby to provide a hridge for holding operated
the switch train through which the connection is
extended to the line 9, after the relay {85 is re-
leased.

Following the operations just described the
-ring-back or busy tone voltage impressed upon
the line {1l in the connector {8 is returned over
.the line I through the repeater 130 and over
.the lines {0 and 8 to energize the receiver 22q,

whereby the calling party is informed that the .

desired line is busy or that the called substa-
‘tion is being rung. Assuming that the key (26
is retained in its dial and talk position, wherein
the operator’s headset (25 is bridged across the
~conductors of the line 19, the attendant at the
robservation point also receives the transmitted
Jbusy or ring-back tone signal. If the call is an-
swered at the called substation, the control
equipment of the connector 8 operates in an
-entirely conventional manner to arrest the ring-
ing operation and to complete a talking circuit
between the lines 9 and It and, hence, between
the substations A and B. In this regard it will
be understood that signal currents produced
through operation of the transmitter 2ib are
-transmitted to the receiver 22a over a circuit
which-includes the line 9, the connector 8; the
selector 16, the line switch i5, the line {1, the
hybrid coil 133, the amplifier 186, the hybrid
.coil 131, the line 10, the line switch 14, the se-
lector 11, the connector 19, and the line 8. Sig-
nal currents originating at the substation A, on
the other hand, are transmitted to the receiver
.22b over a channel which includes the line 8,
the connector 19, the selector 117, the line switch
14, the line {8, the hybrid coil 131, the east-west
amplifier {35, the hybrid coil 133, the line (1, the
line switch 5, the selector 16, the connector 18,
and the line 9. So long as the operator’s headset
{25 is bridged across the conductors of the line
10, the attendant at the observation point may,
of course, listen in on the conversation held be-
‘tween the calling party at the substation A and
the called party at the substation B. After the
conversation is terminated and the connection is
released at both the calling and called ends there-
of, the attendant may release the switch train
through which the connection is extended to the
substation B, by actuating the key 138 o its
open-circuit position to open the outgoing loop
circuit. When this loop circuit is interrupted,
the connector 18, the selector | 6, and the line
-switeh 18 are restored to normal in the usual
manner.. In this regard it will be understood
fhat if the attendant at the point of observa-
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tion desires to release the connection as sef up
to the substation A under observation, the keys
126 and {37 may be returned to their respective
normal- positions in order to interrupt the loop

§ circuit as set up between the point of observa-

tion and the connector 19. When this loop cir-
cuit is open, the connector 18, the selector 17, and
the line switch 14 are successively released in the
usual manner. Incident to the release of the

10 - connector 19, the private conductor of the line

8§ is disconnected from ground to render this line
accessible to the other substations of the system.
In the event the call as initiated at the substa-

‘tion A is abandoned at this substation before it

is fully extended to the desired substation B, the
signal voltage produced through operation of
the oscillator section of the impedance detector
- 160 1s transmitted to the receiver of the operator’s
headset 125 to inform the attendant of the aban-

20 donment of the call. Thus when the calling

‘party restores the receiver 22a to the supporting
hook of the hook switch 23a to open the loop
circuit extending between the substation A and
the connector i9, operation of the oscillator sec-

o5 tion of the impedance detector 160 is initiated in

the manner explained above. Incident to the
operation of this device, an induced alternating
voltage is produced in the winding 164a of the
coupling transformer 164. - This voltage is trans-

30 nitted to the receiver of the operator’s headset

125 over a path which includes the line wind-
ings 222¢ and 222d of the repeating coil 222, the
contacts 174b and 174d of the key 174, and the
contacts of the two keys {87 and 126. When

35 reproduced by the receiver of the operator’s

headset 125, this signal voltage produces a dis-
tinctive signal which indicates that the initiated
call has been abandoned. Upon receiving: this
signal, the operator may release the connection

40 as partially completed over the line {1 to a de-

sired substation, by opening the key 188 to in-
terrupt the outgoing loop circuit. The manner
in which the switches occupied with the call are
released when this loop circuit is broken will be

45 clearly apparent from the foregoing explana-

tion.

In order to condition the control portion of
the observing apparatus for use in handling an-
other call after a connection has been extended

50 from the point of observation and then released,

the keys 137 and 38 are operated to their re-
spective closed-circuit positions, the key 114 is
actuated to its off-normal position, and the key
194 is momentarily operated to its open-circuit

55 position. In response to the latter operation,

the paraliel-connected windings of the two re-
lays {717 and 189 are deenergized. In releasing,
the relay 177 opens its contacts 118 to deenergize
the upper winding of the relay 179 and the wind-

60 ing of the relay 185. The relay 179 momentarily

reoperates to open its contacts 180 incident to
the deenergization of its upper winding. The
relay 185, upon restoring, opens its contacts 186
to deenergize the cathode of the diode 195. After

65 this cathode has cooled for a short time interval,

the flow of space current therethrough is ar-
rested to deenergize the lower winding of the
relay 178 and the winding of the relay 181, caus-
ing both of these relays to restore. Following

70 the release of the relays 171, (84, 185 and 189,

.the key 194 may be returned to its closed-circuit
position in order to again energize the holding
winding of the relay I71. After this operation
is performed, the observing equipment is fully

75 restored to normal and is conditioned to handie
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anather: call’ originating at the. observed: substa-
tion. A or: at. any other substation: which may be
placed; under: observation in. the manner ex-
plained’ above.

While: two. different . embodiments of the in-
vention . have: been: disclosed, it will be under-
stood: that various. modifications may be. made
therein:which.are within thetrue spirit.and scope
of the invention. .

What. is: claimed is: .

1;.Tn a telephonei system which includes sub-
seriber controlled: automatic switching apparatus
for: setting” up: connections: between the substa-

tions: thereof, an: observation point, means con-.

trollable from said observation: point for selecting
any: desired. one of .said: substations, means at
said ebservation point for controlling said switech-
ing' apparatus to force completed connections
invelvihg said one substation.to be set up over a
route which includes said observation point, and
mearns at said observation point for monitoring
connections: set- up over sald route.

2 In a:telephone system, a substation, an oh-
servation point including facilities for monitor-
ing connections extended therethrough, and
means - controllable from said point for prevent-
ing said substation from receiving incoming calls
and for forcing all calls originating at said sub-
station: to- be routed through said observation
point to their destinations.

3. In- a telephone cystem which includes sub-
seriber controlled autematic switching apparatus
for setting up connections hetween the substa-
tion' thereof, an chservation point, means con-
trollable from- said observation point for select-
ing any desired one of said’substations, means at
said ‘observation point for controlling said switch-
ing apparatus to force all calls outgoing from
said one substation to be routed to their desti-
nations over connections which extend serially
through said observation point, and means 4t said
observation point, for monitoring any connection
extended serially therethrough. S

4. Tn a telephone system which includes sub-

seriber controlled automatic switching apparatus’

for setting up connections between the substa-
tions thereof, an observation point, means at said
observation point for controlling said apparatus
to force alt calls outgoing from any selected one
of said substations to be routed to their destina-

tions over connections which extend through said”

observation point and to prevent the selected
substation from receiving incoming calls, and
means at said observation point for monitoring
any connection extended therethrough.

5. In a telephone system which includes sub-
scriber controlled automatic switching apparatus
for setting up connections between the substa-
tions thereof, an observation point, means con-
trollable from said observation point for selecting
any desired one-of said substations, means includ-
ing said switching apparatus for forcing complet-
ed connections involving said one substation to
be set-up over routes which include said observa-
tion’ point, and means at said observation point
for monitoring said connections set up over said
routes.

6. In a- telephone system which includes sub-
seriber eontrolled automatic switching apparatus
for sotting up connections between the substa-
ticns thereof, an observation point, means con-
tygliable from said ohservation point for selecting

any desired one of said substations, means in<

cluding sdaid switehing apparatus for forcing:all

calls outgoing from: said one substation to. be:
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routed:. to. their- destinations over-connections:
which extend. serially through said observation
point, and means: at said observation point. for
monitoring any connection routed serially there-
through.

7. In. a telephone system: which includes sub-
seriber controlled automatic switching apparatus.
for setting up connections between the substa-
tions thereof, an observation point, means includ-.
ing said. apparatus for forcing all calls outgoing:
from any. selected one of said substations to:-be:
routed to their destinations over connections:
which extend through said observation point-and
for preventing the selected substation from re-.
ceiving incoming calls, and means at said. obser-
vation point for monitoring any connection routs:
ed therethrough, .

8. In a telephone system which includes. a:sub=.
station that is to be observed from an observation:
point; means controllable from said observation:
point for establishing o connection therefrom to:
said substaiion;, means for holding said connec-
tion after it is released at said substation, means:
controllable over said connection from said sub-
station for automatically extending said connec-
tion serially through said observation point to
another substation, and means at said observa-
tion point for monitoring said connection as set
ub serially therethrough between sald substa-
tions.

9. In & telephone system which includes sub<
seriber controlled automatic switching apparatus
for setting up connections between the substa-
tions thereof, an observation point, means con-
trollable from said observation point for estab-
lishing & connection therefrom . to any desired
one of said substations, means for holding said
connection after it is released at said one substa-.
tion, means controllable over said connection
from said one substation for automatically ex-
tending said connection serially through said.ob=
servation point and said automatic switching ap-
paratus to another substation, and means at said
observation point for monitoring said connections:
as set up serially therethrough between said two:
substations, - ‘ :

10. In a telephone system which includes sub-
seriber controlled automatic switching apparatus.
for setting up connections between the substa-
tions thereof, an observation point, means con-
trollable from said observation point: for routing”
a connection therefrom through said automatic
switching apparatus to any desired one of said
substations, means for holding said connection

“after it is released atb. said one substation, means. ’

controliable over said connection from said one:
substation for automatically extending said con-
nection serially through said observation point
and said automatic switching apparatus to an-
other substation; and means at, said: observation
point for monitoring said connection' as set up:
serially: therethrough between said two substa-
tions.

i1, Tn a telephone system which includes. sub-
seriber controlled automatic switching apparatus
for setting up. connections hetween the: substa-~
tions thereof, an observation point, means-con-:
trollable from said observation point for estab-
lishing a connection therefrom to any desired’
one of said substations, means for holding said
connection after it is released at said one sub-
station, means for transmitting a dial tone sig-

_pal over said: connection when. g call is subse-

-t
Pl

quently initiated at said one substation, means
for repeating switch eontroel signals transmitbed:
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from said one substation over said connection:
to said automatic switching apparatus, thereby to
extend said connection serially through said ob-
servation point to another of said substations,
and means at sald observation point for monitor-
ing said conection as set up serially therethrough
between said two substations.

i2. In a telephone system which includes sub-

scriber controlled automatic switching apparatus
for. setting up connections between the substa-
tions ‘thereof, an observation point, means for
establishing a connection between said obser-
vation point and any selected one of said . sub-
stations, said connection including a reactive
talking bridge which is effective to convert switch
control impulses transmitted from said one sub-
station into electrical transients at the observing
end of the connection, means for holding said
connection after it is released at said one sub-

station, means controlled in accordance with said -

transients as they appear at the observing end of
said connection for transmitting switch control
impulses to said apparatus, thereby to extend the
connection to another substation, and means at
said observation point for monitoring the connec-
tion as set up between the two substations.

13. In a telephone system which includes sub-
scriber controlled automatic switching apparatus
for setting up connections between the substa-
tions thereof, an observation point, means for es-
tablishing a connection between said observation

point and any selected one of said substations,

means for holding said connection after it is re-
leased at said one substation, means responsive to
the subsequent initiation of a call at said one sub-
station for transmitting a dial tone signal over
said connection, said connection including s reac-
tive talking bridge which is effective to convert
switch. control impulses transmitted from said
one substation into electrical transients at the
observing end of the connection, means controlled
in accordance with said transients as they ap-
pear at the observing end of said connection for

transmitting switch control impulses to said ap-

paratus, thereby to extend the connection to an~
other substation, and means at said observation
point for monitoring the. connection as set up
between the two substations.

14, In a telephone system which includes im-
bulse responsive automatic switching apparatus
for setting up connections between the substa-
tions thereof, an observation point, means fores-
tablishing a connection between said observation
point and one of said substations, means for hold-
ing said connection after it is released at said one
substation, said connection including a reactive
talking bridge which is effective to convert each
switch control impulse transmitted over said con-
. nection from said one substation into two tran-
sients of unlike character at the observing end
of the connection, means associated with said con-
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nection at the observing end thereof for dis- |

tinguishing between said transients and for trans-
mitting a switch control impulse to said switching
apparatus each time g transient of one character
occurs, thereby to extend the connection to an-
other substation when the digits of a given direc-
tory number are transmitted over said connection
i from said one substation, and means at said ob-

servation point for monitoring the connection as
set up between said two substations.

-15. In a telephone system which includes im-
pulse responsive automatic switching apparatus
. for setting up connections between the substa-
tions:thereof, an observation point, means for

70
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establishing a connection betiween said observa-..:
tion point and one of said substations, means for:;
holding said connection after it is released at said -
one substation, means responsive to .the. subse--.

quent .initiation of & call at said one substation
for transmitting a dial tone signal over said:con-

nection, said connection including . a reactive:
talking bridge which ‘is effective to convert each -
switch control impulse transmitted: over said:

connection from said one substation -into - two
transients of unlike character at the cbserving

end of the connection, means associated with said -
connection at the observing end thereof for dis-::
tinguishing between said transients and for trans-.
mitting a switch control impulse to said switch- :
ing apparatus each time a transient of one char- ..
acter occurs, thereby to extend the connection. -
to another substation when the digits of g given -
directory humber are transmitted over said con-

nection from said one substation, and means at
said observation point for monitoring the connec-
tion as set up between said two substations.

16. In a telephone system which includes im-

pulse responsive automatic switching apparatus -
for setting up connections between the substa- -

tions. therecf, an observation point, means. for

establishing a connection between said observa-
tion point and one of said substations, means for -

holding said connection after it is released af said
one substation, said connection including a reac-
tive talking bridge which is effective to convert
each switch control impulse transmitted over said

connection from said substation into two tran-:
sients of unlike character at the observing end of :
the connection and to produce a transient of one.

character at said observing end of the connection

in response to the initiation of a call at said one
substation, means responsive.to said last-men- -
tioned transient for transmitting a dial tone sig-
nal over said connection, means associated with

said connection at the observing end thereof for
distinguishing between said transients and for

transmitting a switch control impulse to said.

switching apparatus each time a transient of fhe

other character occurs, thereby to extend the con-
nection to another substation when the digits of a-
given directory number are transmitted - over

said connection from said one substation, and
means at said observation point for monitoring

the connection as set - up between said two__,

substations.

17. In a telephone system which. includes =
first substation that is to be observed from. an
observation point, means controllable from said
observation point for establishing a connection
therefrom to first said substation, means for
holding said connection after it is released at said

first substation, means controllable over said con- -

nection from said first substation for automati~
cally extending said connection serially through

said observation point to a second substation.

when a call is subsequently initiated at said first

substation, means at said ohservation point for,
monitoring said connection as set up serially.
therebetween between said first and second. sub-

stations, and means responsive to the sbandon-

ment of the eall at said first substation before said

connection is extended to said second substation
for impressing a signal voltage on
connection.

18. In a telephone system which includes im-~;
pulse responsive automatic switching apparatusg
for setting up connections between the substa-;
tions thereof, an observation point, means for.
establishing a connection between said: observah

said .
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tion point and one of said substations, means
for holding said connection after it is released at
said one substation, said connection including a
reactive talking bridege which is effective to con-
vert each switch control impulse transmitted over
said connection intc two transients of uniike
character at the observing end of said connec-
tion, means associated with said connection at
the observing end thereof for transmitting a
switch control impulse to said switching appa-
ratus each time a transient of cne character oc-
curs, thereby to extend the conneciion to another
substation when the digits of a given directory
number are transmitted over said connection
from said one substation, means at said observa-
tion point for monitoring the connection, and
means responsive to the abandonment of the call
before said connection is extended to said other
substation for impressing a signal voltage on the
connection.

19. Tn a telephone system, automatic switch-
ing apparatus including a connector, an observa-
tion point, subscriber lines, means for establish-
ing a connection including a portion of said
switching apparatus and said connector between
said observation point and any selected one of
said subscriber lines and for retaining said con-
nection to the said selected subscriber line after
the subscriber thereon has disconnected there-
from, means thereafter responsive to the exten-
sion of a connection from said selected line for
controlling said connector, means responsive to
control of said connector for corapleting a con-
nection via said retained connection and another
portion of said switching apparatus to any other
of said subscriber lines, and means at said ob-
servation point for monitoring said last-men-
tioned connection.

20. In a telephone system, automatic switching
apparatus including a connector, an observation
point, subscriber lines, means for establishing a
connection including a portion of said switching
apparatus and said connector between said ob-
servation point and any selected one of said sub-
scriber lines and for retaining said connection to
said selected subscriber line after the subscriber
thereon has disconnected therefrom, means
thereafter responsive to the extension of a con-
nection from said selected line for controlling
said connector, means disposed at said observa-
tion point and responsive to control of said con-
nector for completing a connection including a
portion of said switching apparatus between said
selected subscriber line and any other of -said
subscriber lines, and means at said observation
point for monitoring said last-mentioned con-
nection.

21. In a telephone system, automatic switch-
ing apparatus including a connector, an observa-
tion point, subscriber lines, means at said ob-
servation point for controlling a portion of said
switching apparatus and said connector to ex-
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tend a connection from said observation point
to any selected one of said subscriber lines, means
in said connector thereafter controllable from
said selected line for extending a connection from
said selected subscriber line to any other of said
subsecriber lines via said observation point and
another portion of said switching apparatus, and
means at said observation point for monitoring
said last-named connection.

22, In 3 telephone system, automatic switching
apparatus, an observation point, subscriber lines,
means for establishing a connection including a
portion of said switching apparatus from said ob-
servation point to any selected one of said lines
and for retaining said connection after the sub-
seriber on said selected line has released, an o0s-
cillator at said observation point, means included
in said connection thereafter confrollable from
said selected line for controlling said oscillator,
and means controllied by said oscillator for con-
trolling a further portion of said switching ap-
paratus to complete a connection from said se-
lected subscriber line to any other of said sub-
scriber lines, and means at said observation point
for monitoring said last-named connection.

23. In a telephone system, automatic switching
apparatus, an observation point including an os-
cillator, subscriber lines, means at said observa-
tion point including a calling device for control-
ling a portion of said switching apparatus to
complete a connection from said observation
point to any selected one of said subscriber lines,
means including a calling device at the selected
one of said subscriber lines for thereafter con-
trolling said oscillator in accordance with the di-
rectory number of any other of said subscriber
lines, means including said oscillator responsive
to said control of said oscillator for controlling
a further portion of said switching apparatus in
accordance with said directory number thereby
to complete a connection between said selected
subscriber line and said other subscriber line in-
cluding said observation point, and means at said
observation point for monitoring said connection.

BARNEY J. KUCERA.
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