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To all whom it may concern:

Be it known that I, Winrrep T. PowsLr,
o citizen of the United States, residing at
Rochester; in the county of Monroe and
State of New York, have invented certain
new and useful Improvements in Automatic
Telephone Systems, of which the following
is a full, clear, concise and exact descrip-
tion. , -

This invention relates to telephone sys-
tems, and more particularly to telephone
svstems employing ‘automatic switches in
completing some portion of a telephone con-
nection. e ‘

Tn manual telephone systems, it becomes
desirable, either from commercial or oper-
ating veasons to replace certain portions of
the manual equipment by automatic switches
while still retaining certain of the offices of
the system on a manual basis of operation.
Iven those offices in which antomatic gwitch-
es ave installed, it is somtimes desirable to
yetain the manual line equipmient such as
the line and cut-off relays, to cooperate with
{he velays of the automatic switches. -

One of the features of the present inven-
tion is the novel arrangement by which-auto-
matic offices -and ‘manual offices of a tele-
phone ‘exchange are arranged to -cooperate.

Another feature of the invention is the
novel arrangement by which the numerically
directed switches of the.system may be se-
lectively operated. ’ .

" Other features of the invention will appear
from the detailed deseription and appended
claims. : :

The drawings with Figs. 1, 2, 3, and 4
arranged in the order named diagrammatic-
ally represent a portion of a telephone sys-
tem including the above mentioned features.
At the left of the dotted line in Fig. 1 there
are represented substations and lines of two
subscribers which lines terminate in -the
brushes of a non-numerical line switch. Tt
will be scen that the line and cut-off relays

as well as the calling jacks of the lines of-

_sub-station A and C is equipment which has

50

been
were used in a manual office.

sented sn odd secondary line switch and an

even secondary line switeh, At the left of’

Tig. 2 there is represented the operating cir
a primavy numerical selector gwitch,

o {
w2
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s
o

retained from the time when these lines :
At the right -
of the dotted line of Fig. 1 there 1s repre- -

while at the right of the dotted line of Fig.
9 there is shown a secondary selector switch
which is entirely non-numerical in operation.
Above the dotted line of Fig. 8 there is dia-
grammatically shown a so-called repeater ar-
rangement for repeating impulses from a
dial sender, such as that at substation A to a
distant automatic office such as shown in Fig.
4. In the lower left hand corner of Fig. 3

there is shown & so-called repeater arrange-.

ment, which cooperates in extending a tele-
phone connéction from ' an automatic tele-
phone line such as that leading from substa-
tion A to a telephone line terminating at o

distant manual office, such as that represent-

ed in the lower right hand corner of Fig. 3.
Fig. 4 diagrammatically discloses the operat-
ing cireunits of a so-called connector switch as
well as one of the lines and its sub-station
B which terminates in this switch.

The line switches of this disclosure as well
‘as the primary and . secondary selector
switches may be of the type substantially
similar to that disclosed in the patent to
Clement No. 1,107,158, granted August 11,
1914. The connector switch may be of the

60
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type somewhat similar to that disclosed in -

the patent to Keith, Erickson & Erickson
No. 815,176, granted March 18, 1906. The
present connector switch differs. from that

disclosed in the mentioned patent by being:

arranged to operate in a so-called two-wire
system, ‘also the terminals of the connector
bank instead of being arranged in ten levels
with ten sets of contacts in each level are
modified by being arranged in twenty levels
with five sets of contacts in each level. ~Also
the switch, instead of being provided with
a single set of three brushes, is provided with
four sets of brushes with three brushes in
each set. ‘ ;

Tt is believed that the invention will best
be understood by describing the method of

establishing a telephone connection from a

substation such as A to a wanted subscriber
at a distant automatic office and by describ-

ing subsequently a connection to a subseriber :

at a distant manual office.

When the subscriber at A removes his
“completed for the line relay: &
“grounded battery, winding of this
Sroiature and back contact of  the
‘Yelay 6, over the lower side of the.e

~from

90

[Soe)
ot

100

receiver from its switch- hook a-cireuit is -
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line and substation civeuits in series, over
the upper side of the calling line, inner back
contact and armature of relay 6 to ground.
The line relay 5 is emergized in this circuit
and completes an operating circuit for the
reiny 7 from grounded battery, winding of
this relay, contact and armatire of relay 5,
to ground. The relay 7 on operation closes
an actuating circuit for the motor magnet
8 traceable from grounded baitery, resis-
armature and front contact of
relay 7, winding, back contact and armature
£

or motor magnet 8, outer front contact and
armaturs o

{ relay 7, lower back contact and
armature of switching relay § to ground.
Under the control of this cireuit the motor
magnet of the primary line switeh advances
wshes 10, 11,12, 18, 14, 15, and 16 until
primary trunls is Tocated,
1 condition is indicated by the presence
round potential on a test terminal such
7 individual to such pair of trunks.
n such an idle test terminal is Jocated,
‘ t is ¢losed from greund ot the armas
cure and back contact of relay 18, test termi-
nal 17, test brash 13, Jow resistance winding
of relay 9, conductor 19, inner front contact
and armature of veluy 7, vesistance, to
grounded battery. It will be noted that the
motor meagnet 8 is short circuited by the
completion of this circuit while the relay 9
is. operated to extend the calling line
tiivough its upper armatures and front con-
tocts and the brushes 10 and 11 of the j
mary line switch to the selected primary
tronk.  The slow releasing relay 20 of the
odd secondary line switch thus has a civeuit
ciosed fvom grounded battery, winding of
this relay armature and back contact of
relay 21, over the lower side of the selected
over the lower side of the
i substation cireuits in series,
the upper side of the calling line to
the Inner buack contact and arma-

{
n
(2

Lk

33

£ Helay 20 when thus ener-
gl operating cirenit for th
ir f the odd secondary line

from grounded Dattery,
¢ armature and front

uw

motor magnet 23, outer-

ot and armature of relay 20,
wd armature of velay
v the contrel ef this

wagmnet 22 advances the
. and 28 of the cdd see-

Yy itch until the test tevminal of
an idle secondary trunk is loeated, which
condition is indicated by the presc if

ground potential thercon.
- Let 1t be assumed that the
ondary trunk tested iz that

Figs. 1 and 2. Under this

e
appearing 1in
assumption a
eircnit is closed from ground at the arma-
ture and bacl cortact of relay 30, outer back

] .
first i
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contaet and armature of relay 31, conductor
142, test terminal 29, test brush 28, low
resistance winding of relay 24, inner front
contact and the armature of relay 20 to
grounded battery. This short circuits the
motor magnet 23 to stop the brushes 25 to
28 inclusive of the odd secondary line switch
in éngagement with the terminals of the idle
trunk. This circuit also effects the energiz-
ation of the switching relay 24, which relay
ab its upper armatures and front contacts
extends the calling line to the brushes 23
and 26 of the secondary line switeh and
through the upper armatures and back con-
tacts of velay 32 Iig. 2 to greunded battery
and ground respectively through the svind-
ings of impulse relay 33. Relay 83 there-
upen - gperates and closes a cireunit from
ground at its inner armature and frent con-
tact for actuating slow releasing relay 31,
and this last mentioned relay at its ouler
armature and front contact closes a holding
circuit from grounded battery, resistance,
conductor 142, test terminal 99, test brush
28, high-resistance winding, front contact
and armature of velay 24 to ground. The
seizure of the odd secondary trunk as well
as the energizing of the switching relay 94
completes an operating circuit for the relay
21 from ground, winding of this relay, inner
upper armature and front contact of velay
24, brush 27, conductor 84, resistance to
grounded battery. At this time the cut-off
relay 6 is also energized in multiple with
this last described circuit through the inner
upper armature and front contact of relay
9 and primary line switch brush 12.

Let it be assumed that the wanted line,
designated “#102” terminates at a distant
automatic. office; under which assumption
the calling subscriber operates his dial
sender to transmit impulses by which the
primary selector is advanced to select an
outgoing trunk over which the wanted auto-
matic line may be reached. When the im-
pulse velay 33 is thus energized on the seiz-
ure of its trunk cirveunit, the motor magnet
35 of the primary selector is operated from
grounded battery, winding, armature and
back contact of this magnet, brush 36 of
the primary selector in its first position, back
contact and continuity spring of relay 30,
primary selector brush 37, outer front con-
tact and armature of impulse relay 83 to
ground. The motor magnet 35 on energiza-
tion interrupts its cwn circuit and advances
the brushes 86, 37, 38, 89, 40, and 41 of the
primary selector one step. The primary se-
lector is now in readiness to receive the first
series of directive impulses from the dial
sender at sub-station A, Tn response to each
of there dial interruptions the impulse re-
lay 83 retracts and attracts its armatures.
On the first retraction of its armature a cir-
cuit 1s closed from ground, sutér armature
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and back contact of impulse relay 33, se-

lector brush 87 in its second position, con-
tinuity spring and back contact of change-
over relay 30, selector brush 36, back con-
tact, armature and winding -of motor mag-
net 35 to grounded battery. The motor mag-
net is thus operated to advance the brushes
of the primary selector into their third po-
sition. The change-over relay 80 energizes
in multiple with the last-described ciretiit
and on the attraction of its armatures cloges
a locking circuit for itself through its ar-
mature and continuity spring, selector brush
37, back contact and armature of relay 33
to ground. With the sclector in its third
position, a cireuit is closed from ground,
outer armature and front contact of impulse
relay 83, brush 37, continuity spring and ar-
mature of relay 80, back contact, armature
and winding of motor magnet 85 to
grounded battery. -'The motor magnet 35 is
thus again energized and advances the pri-
mary . selector brushes into their fourth po-
sition twhere it is in readiness to be operated

in respense to the next interruption .of this

series. It will be noted that in response to
each dial interruption the primary selector
advances its brushes two steps.

Teet it be assumed that the primary selector
brushes 38, 39 and 40 have been advanced to
the terminals of conductors 42, 43, and 44
of a trunk leading to the brushes 45, 46, and
47 of the secondary selector of Fig. 2.

At the close of the first series of interrup-
tions, impulse relay 33 holds its armatures
attracted for a long enough period to.per-
mit the change-over relay 30 to deenergize,
wlereupon the relay 51 is actuated in a cir-
cuit closed from ground at the armature and
back contact of relay 80, inner lower arma-

ture and back contact of relay 32, winding

of relay 51, primary selector brush 36, back
contact, armature and winding of the motor
magnet 385 to grounded battery. - This motor
magnet is marginal and will not operate in
series with velay 51, but this last named
relay is energized to complete 2 circuit from
grounded battery, resistance, front contact
and armature of relay 51, lowermost back
contact and armature of relay 82, conductor
53, primary selector brush 41, winding
armature, and back contact of the motor

magnet 52 to ground. Under the control

of this circuit the motor magnet 52 of the
secondary selector advances its brushes 45
to 50 inclusive to locate an idle trunk in
the group selected by the primary selector.
The motor magnet 52 continues to operate
antil the test brush 47 encounters an idle
test terminal such as 54 which is character-
ized by the presence of ground potential to
indicate its idle condition. , .
Let it be assumed that the first idle trunk
located is that shown. in the upper right
hand corner of Fig. 2 and in the upper pot-

tion of Fig. 8. When this trunk is tested,
a cireuit is closed from ground, back con-

tact and armature 106 of relay 56, conductor

57, test terminal 54, test brush 47, conductor:

44, test brush 40, low resistance winding of
relay 82, front- contacts and armature of
relay 51, resistance to grounded - battery.

This cireuit is effective to short circuit the

1motor magnet 52, to stop the operation of the

secondary selector, and it is also effective to
actuate (he relay 32 whereupon the calling
line is extended through the primary selector

8
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brushes 38 and 39 and the secondary selector - -

brushes 45 and 46 to the conductors 58 and
59. Conductor 58 is then extended through

the inner continuity spring and back con-

tact of relay 60, conductor 62, lower wind-
ing of the impulse relay 63 to ground.  Con-
ductor 59 is extended through the upper

" continuity spring and back contact of relay

60, conductor 64, upper winding -of the
impulse relay 68 to grounded battery. The
impulse relay ‘is thus energized to attract
its armatures and at its inner armatuve and
front contact extends a cireuit from ground,
through the winding of slow releasing relay
56 to grounded battery. - The relay 56 is thus
operated and closes a holding circuit for
relay 82 from grounded battery, resistarnce,:
front contact and armature 106, conductor
57, test terminal 54, test brush 47, conductor
44, primary selector test brush 40, high re-
sistance winding, front contact and arma-
ture of the switching relay 82, back contact
and armature of change-over relay 30 to
ground. : S
‘The subscriber at A thereupon transmits
a second series of dial interruptions cor-
responding to the second digit of the wwanted
number.  The repeater circuit shown in
the upper portion of Fig. 3 located in the
first office, operates to repeat this series of
interruptions to the numerieal switches
located at a second office. For purposes
of this description, a single numerical switch
which is a connector, has been shown, but
it will be understood that one or more of
the so-called selectors of the well-known
type inay be interposed between the repeater

and the connector switch of Fig. 4. 1t will

also be understood that other types of con-
nector switches instead of that of Fig. 4 will
cooperate with the remainder of the system.

Tn response to each of the inferruptions
of the second series transmitted from the
dial sender at substation A, the impulse
relay 63 vibrates its armatures and on the
first retraction of its armature a cireuit is
closed ffom ground, its inner armaturc

and back contact, lowermost front contact =

and armature of relay 56, winding of relay
65 to grounded battery, which causes the

velay 65 to attract its armatures. With the

relay 65 energized and when impulse relav
63 attracts its armatures in response to
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cach impulse, the impulse relay 66 of F ig.
4 18 energized in a circuit traceable from
grounded battery, right hand winding of
relay 66, outer back contact and continuity
pring of relay 67, conductor 68, armature

B
and front contact of relay 56, left hand
armature and front contact of relay 65, con-

ductors 69 and 70, uppermost armatire and
front, contact of relay 63, conductor 71,
innermost continuity spring and back con-
tact of relay 67, left hand winding of relay
66 to ground. On the first energization of
reloy 68, slow releasing relay 72 is operated
In & cireuit closed at the left hand front
contact and armature of the relay 66. _

In vesponse to the first interruption of the
tens serles, relay 66 retracts its armatures,
whereupon a circuit is5 eompleted from
ground at the armature and front contact
of relay 72, right hand baek contact and
arimatuve of relay 66, winding of relay 74,
sice switeh wiper 75 to grounded battery.
The relay 74 is thus actuated and effects the
operation of slow releasing relays 76, and

relay in turn operates t{he escape
magnet 7. At the left hand armature and
tack contact of relay 66, a civeuit is closed
fi wnd through the left hand arma-

from ov

ture and front contact ot relay 72, left hand

afmature and back- contaet of relay 79,
vinding of relay 78, left hand winding of
mavginal relay 79 ‘to grounded batfery.
relay 78 is opevated in this ecircuit
but marginal relay 79 is not operated at this
time.  Asscon as relay 78 attracts its arma-
tures it completes an energizing circuit for
the primary motor magnet 80 fiom grounded
battery, winding of this magnet, side switch
wiper 81, in its first position, middle arma-
ture and front contact of relay 78, front con-
tact and armature of relay 76'to ground.

The energization of relay 78 also closes
a second cireuit from grounded hattery, left
hand winding of relay 79, winding of relay
78, vight hand winding of relay 79, inner-
most armature and front contact of relay
¥8, front contact and armature of relay 76
to grouad. The right hand winding of
relay 79 is short cireuited by ground at
the left hand armature and back contact of
relay 66, until this relay is energized. At

the close of this line interruption when im-

pulse relay 66 vemoves this short cirenit,
relay 78 is held operated and the relay 79
is operated in the circuit last described. If
this series of interruptions consists of only
one interruption, the impulse relay 66 is
now held operated for a relatively long

interval to effect the deenergization” of ve.
lays 74 and 76. In the interval, however,
hetiveen the deenergization of relays T4 and
76 the relay 85 is operatéd from grounded
battery, its winding, eonductor 130, side
switch wiper 148, outermost armature and

frofit contact of telay 78, back contact and

"1 lorss ELIN
tay 12, lefi

1,579,837

armature of relay 74 to.ground. Relay 83
on operation closes a locking circuit for it-
self through its innermost front contact and
armature to ground at the off-normal con-
tacts 97. The release of relay 76 causes
the escape magnet 77 to move the side-
switch wipers into their sécond position,
whereupon the units series of dial inter-
ruptions is transmitted to operate the sec-
ondary motor magnet 131.

TE, Liowever, the tens series of interrup-
tions contains two interruptions, at the close
of the first interruption of the series, the
relays 78 and 79 are both energized. In
response to the second interruption of this
series a circuit is closed from ground at
the left hand armature and back contact of
relay 86, armature and front contact of re-
hand armature, front contack
g of relay 79 to grounded bat-
The relay 79 is held operated in this
cireuit, but the relay 78 is short circuited
and releases its armatures. Tt wiil be noted,
however, thet the operating eircuit of the
primary motor magnet 80 is at this time
closéd through the right hand armature and
front contact of relay 79. At the elose of
the second interruption of this series, the
impulse relay ‘66 is again operated, and
opens the locking cirenit just described for
the velay 79. Tf these are the only two
interruptions in the series, relays 74 and
76 deemergize as a result of the repeated
operation ¢of relay 66 in the manner already
deseribed. In this instance, however, no op-
erating circuit is completed for the relay 85,
due to the fact that the outermost armsture
and front contact of the relay 78 is opened.

Erom the foregoing explanation, it will be
understood that in response to one interrup-
tion the primary motor magnet advances the
connector switch brush one step. It also
operates the switching relay 85 to extend
the conductors 71 and 68 of the trunk to a
particular set of connector switch brushes.
Likewise in the case of a series of two inter-
ruptions, the primary motor magnet 80 is
operated only once but at this time the
switching relay 85 is not actuated so that a
different set of connector switeh brashes is
effective. From this it will be understood
that the connector switeh is operated one
step for each odd interruption. or for each
pair of odd and even interruptions. In the
case of the odd interruptions, however, a re-
lay such as 85 distinguishes between odd and
even interruptions to rendér effective one or
another set of connector hrushes. In the
present instance it has béen assuined that
the warnted number is “102”, therefore the
tens series of interruptions are ten in number
as a result of which the primary motor mag-
het 80 Is operated in the manner already de-

and winding

tery

scribed to elevate the eomiector switch brish

five veitical steps. In vesponse to the wnity
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series of interruptions the impulse relay 66
is energized and deenergized twice with the
result that the secondary motor magnet 131
rotates the connector switch brushes one step
in their secondary movement.
stance the relay 132 is not operated due to
the tact that the units series of interrup-
tions is even in number. . : '

At the close of this last series of inter-
ruptions. the change-over rélay 76 deener-
gizes at which time the test of the called line
is made, which test is effected in a cireuit
completed from grounded battery, winding
of the escape magnet 77, continuity spring
and back contact of relay 76, winding of
test relay 82, its continuity spring and back
contact, side switch wiper 83 in its second
position, armature 84 and back contact of
relay 85, uppermost armature and back con-
tact of rvelay 132, test brush 86, test terminal
87. Tf the wanted line is idle, its test termi-
nal is characterized by full battery poten-
tial applied through the resistance 88, which
causes the escape magnet 77 to deenergize
to advance the side switch wipers into their
third position. The called party is now sig-
nalled by ringing current apphied from the
ringing generator through the inner back
contact and armature of trip relay 89, side
gwiteh wiper 90 in its third positicn, arma-
ture 91 and hack contact, back contact and

armature 92, connector brush 93, over the

lower side of the wanted line and through

“the bell at the wanted sub-station, over the

upper side of the wanted line, connector
brush 94, armature 95 and back contact, back

contact and armature 96 of relay 85, ax-

matare and back contact of trip relay 89,up-
per winding of relay 89, conductor 95, side
switch wiper 75 to grounded battery. Sig-
nalling current is applied over this eiveuit
until the subseriber at substation B responds
by removing his receiver from its switch
hook, at which time the trip relay 89 is ener-
gized to complete a locking cireuit for itself
through its lower winding, front contact and
armature, off normal contacts 97 to ground.
The trip relay on.energization also closes a
break-point in the talking circuit.

When the called party answers, talking
battery is supplied through the winding of
relay 67, causing this relay to energize with
the vesult that the current is reversed in con-
ductors 68 and 71 to cause the operation of
the polarized relay 98 of Fig. 3. It will be
remembered that a circuit is closed through
the lower winding of polarized. relay 98; as
soon as relay 56 1s operated and when the
current is reversed in conductors 1.and 68,
the upper winding of relay 98 is.energized
in such a manner as to cooperate with the
lower winding as a result of which.the arma-
tures of this relay are attracted. - The. ener-
gizing circuit of the upper winding of relay

ITn this in-.

of relay 81 to ground.

-secondary line

primary and secondary

98 is traceable from grounded battery, right
hand winding of relay 66, inner armature
and continuity spring of relay 67, conductor
71, uppermost front contact and armature
of relay 63, conductors 70 and 69, right hand
winding of relay 99, conductor 100, lowez-

most continuity spring and back contact of

relay 60, upper winding of relay 98, con-
ductor. 101, back contact and armature of
relay 65, upper front contact '
of relay 56, conductor 68, outer continuity
spring and armature of relay 67, left hand
winding of relay 66 to ground.. With the
relay 98 operated, the relay 60 is actuated

70

and armature .

in a circuit closed from grounded battery, -

its winding, innermost lower armature and
front contact of relay 98 to ground. Relay
60 on energization reverses the connection
of conductors 58 and 59 to the impulse relay
63 of Fig. 8. ‘ :

Talking battery is supplied to the calling
sqbsqriber through the windings of relay 63
of Fig. 3, while talking battery is supplied
to the called subsciiber at substation B,
through the windings of relay 67 of Fig. 4

" At the conclusion of the conversation, when
the subseriber at A replaces his receiver on
its switch hook, the relay 63 through which
tallcing battery is supplied to the calling
party, deenergizes and shortly afterwards
the slow releasing relay 56 retracts ifs arma-
fures to open the circuit including condue-

tors 68 and 71 leading to the impulse relay

66, causing this relay to decnergize. It will
be remembered that the holding cireuit for
the primary selector including conductor 57
is controlled at the armature 106.and front
contact of relay 56, so that when this relay
deenergizes the switching velay 32 retracts
its armatnres and at its lowermost armature
and front contact opens the holding circuit
of relay 31. This causes the release cireuit
of the primary selector switch to be com-
pleted from grounded battery, winding,
armature and back contact of motor magnet
35, brush 36 in any of its off-normal posi-
tions, right hand back contact and armature
Under the control
of this cirenit the primary selector is moved
info its normal position The release of re-
lay 81 als> opens the holding cireuit includ-

"ing conductor 142, which permits the switch-

ipg relay 24 of Fig. 1 to releasé and at its
lower armature and front contact opens the
cireuit for relay 18, providing that the even

switch is not in. use.  The
deenergization of relay 18 opens the holding
cireuit for the switching relay 9, which has
been completed through line switeh brush
13.  Also the deenergization of relay 24
opens the circult which has been maintain-
ing the relays 21 and 6 operated. Since the
( line switches are
of the type that remain in engagement with
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the trunk last used their circuits are now In
normal condition and in readiness to extend
another connection.

It will be remembered that the termina-
tion of the call Ly the calling. subscriber
eftected the deenergization of relay 66 of
Fig. 4, and this in turn causes the deenergi-
zation of the slow releasing relay 72 where-
upon a releasing circuit is closed from
grounded battery, winding of the release
magnet 108, off-normal contacts 109, left
hand back contacts and armatures of relays
72 and 66 to ground. The release magnet
is thus-energized and releases the connector
and its ussociated side switch into their
normal position.

1t should be mentioned at this point, that
if the subscriber at substation C originates a
call instead of the subseriber at A, the pri-
mary line switch of Fig. 1 operatés in the
manner already described, but the calling
line extending from sub-station C is instead
extended through the brushes 14, 15 and 18
to the even secondary line switch shown in
the lower right hand corner of Fig. 1. It
will also be understood that the subscribers
at sub-station A and C may simultaneously
initiate calls, In this case the primary line
switch seizes an idle pair of trunks leading
to an odd secondary line switch and to an
even secondary line switch. The line
switches operate independently to seize pri-
mary selector switches which may be oper-
ated in the manner already described.

Let it be assumed that the subscriber at
A desires to converse with a called sub-
scriber, whose line (not shown) terminates
at a distant office, such as that represented
in the lower right hand corner of Fig. 3.
Under this agsumption when the calling sub-
scriber as substation A removes his receiver
from its switch hook, his primary line switch
operates in the manner already described to
seize an idle secondary line switch which
may be the one shown in Tig. 1 and this
switch in turn operates to scize. an idle pri-
mary selector switch as shown in Fig. 2.
The calling subscriber thereupon operates
his dial sender to transmit a series of im-
pulses corvesponding to the designation of
the wanted office through which the called
subscriber may be reached. et it be assum-
ed that this designation is “2” so that the
calling subscriber gends two impulses, in
response to which the primary selector
switch advances its brushes 38, 39 and 40
into engagement with the conductors 109,
110 and 111 of a trunk through which the
called party may be reached. Thercafter
the secondary selector of Fig. @ operates to
seize an idle trunk leading to the wanted
office. It is assumed that this selector seizes
the trunk whose conductors are designated
112, 113 and 114 leading to Fig. 8. The
condition of this idle trunk is indicated by
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ground potential applied through the baclk
contact and armature of relay 116, left hand
back contact and armature of relay 117, con-
ductor 114 to terminal 115. The seizure of

this trunk circuit is effected in the manner ;

already described to extend the calling ling
to ground and grounded battery, through
the windings of relay 118. This relay is
energized and at its armature and front

contact effects the operation of velay 117,

which in turn applies the source of holding
battery to the conductor 114 to maintain the
connection. - Also with the relay 117 ener-
gized, a trunk signal at the distant manual
oflice is lighted inthe following manner. The
operation of relay 117 closes a circuit trace-
able from grounded battery, winding of re-
lay 119, armature and back contact. of relay
120, outermost front contact and armatuic

of-relay 117, conductor 121 of the selected *

trunk to the distant office, lower side of the
repeating call, left hand winding of the re-
lay 122, upper left hand winding of the ve:
peating coil, conductor 123 of the. selected
trunk, winding of relay 116 to ground. The
energization of relay 116 removes ground
from the conductor 114 to prevent seizure
of this trunk when the called portion of
the connection is majntained, even after the
calling subscriber releases. Also relay 119
is energized in this cireuit and at its arins.
ture and front contact completes an oper-
ating circuit for the relay i24. This lnst
named relay reverses the connection befireen
conductors 112 and 113 and velay 1i8. The
relay 122 is energized in the circuit deserih-
ed and lights the trunk lamp 125 in a circuit
traceable from battery, Iamp. 125, registance,
front contact and armature of relay 122,
lower armature and back contact of relay
126, resistance to ground.

The operator at the distant office on not-
ing that the lamp 125 is lighted, depresses
the listening key L. K. to connect her head
set to the extended connection and inquires
the designation of the wanted subscriber.
Theveafter the operator connects the tin of
the plug of the selected cord cirenit to the
sleeve of the jack J, leading to the wanted
substation, and the absence of a distinctive
click in the operator’s head set at this time
indicates to Ler that the wanted line is idle,
whereupon she inserts the plug P into the
jack J.” ThLig operation completes an ener-
gizing circuit for the sleeve relay 126 clored
from. grounded battery, through the Tamyp
125, winding of this" relay, through the
sleeve contacts of the plug and jack and re-
sistance to ground.  The engrgization of re-
lay 126 closes a substitute circuit for jtsolf
from grounded: battery, its lower front con-
tact and armature, armature and front con-
tact of relay 122, through the resistance and
winding of relay 126, sleeve contacts of plug
and jack, through the resistance to ground,
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seized again.
cireuit 1s prevented by the continued ener-
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Tn this way the signal 125 is extinguished.
The operator now depresses the ringing key
R.- K. to close a signaling’ circuit  from
ground through ringing generator 128, left
hand winding of the trip relay 129, contacts
of the ringing key, over the lower side of
the cord eircuit, through the ring contacts
of the plug and jack over the lower side of
the called line and its substation {not
shown), over the upper side of the called
line, tip contacts of the jack and plug, arma-
ture and front contact of relay 126 through
the ringing key contacts to ground.

Tt should be stated that although any well
known ringing arrangement may be used,
the present disclosure malkes use of a ring-
ing key R. K. which is of that design which
is docked in its depressed position by a re-

lay such as 127 until it i released by the.

When the
199 is

A

deenergization ~of sald relay.
called party responds the trip relay
operatéd and thereupon opens the holding
cireuit of the velay 127, which releases the
ringing key to close break points in the
talking conductors and to disconnect the
ringing generator from the called line.

Talking battery for the calling party 1s
supplied through the windings of relay 118,
while talking = battery Is supplied to the
called party through the right hand wind-
ings of the repeating coil. '

At the termination of a conversation when
the calling party replaces his receiver on its
switch hook, relay 118 deenergizes to effect
the velease of the slow releasing relay 117,
and this last named relay at its outer arma-
ture and front contact opens the cireuit
which has been maintaining the: relay 1922
operated. The release of relay 122 removes

the shunt which has existed during the con-.

versation about the supervisory signal 125,
wheretpon this signal is lighted to inform
the operator at the distant office to dis-estab-
lish the connection by removing the plug P
£rom the jack J. The deenergization of re-
lay 117 opens the holding conductor 114 to
permit the deenergization of the holding re-
lay 82 in the upper left hand corner of Fig.
9. This relay by deenergizing effects the re-
Jease of the automatic switches of the con-
nection in the manner.already described.
Let it be assumed that after the calling
party has released and the automatic
cwitehes of the connection are in their nor-

mal position that the operator at the dis-.

tant manual office fails to remove the plug
P from the jack J. Under this condition it

_ig necessary to prevent the trunk whose con-

112, 113, and 114
P, from being
this operator’s

ductors ave designated
and which lead to the plug
The seizure of

gization of the relay 110, which removes the
idle ground condition from test conductor

114. The relay 116 is maintained operated

‘subscriber at A is called, a plu

7

in a circuit now traceable from ground,
winding of relay 116, conductor 123, upper
winding of the repeating coll, back contact
and armature of relay 122, lower armature
and front contact of relay 126 o grounded
battery. As coon as the operator removes
hei plug P from the jack J, this circuit is
interrupted at the lower armature and frout
contact of the sleeve relay 126.

It should be pointed out that when the

g of & manual

cord. circuit (not shown) is Inserted into
the calling jack of this line, shown in the
upper left hand corner of Fig. L. This op-
eration is effective to energize the cut-off re-
lay 6 in the well known mantner which dis-
connects the line relay 5 from the called
line and thereby prevents the operation of
the primary line switch, when the subscriber
at A answers by removing his receiver from
its gwiteh hook. ‘ ‘

Attention should also be directed to the
fact that as soon as the calling line from
substation A has been connected to the re-
peater, in the lower left hand corner of Fig.
3, means are provided to prevent unneces-
sary flashing of signal lamp 125. If at
this time the subscriber at A operates his
dial sender, the impulse relay 118 operates
in the manner alveady described, so that re-
lays 117 and 120 are actuated. 1t will be
recalled that the relay-117 at its outer arma-
ture controls a cirenit including conductor
121 and while this series of impulses is be-
ing transmitted by relay 118, the relay 120
holds the circuit of relay 122 open, thus pre-
venting the lamp 125 from being flashed.

What is claimed is:— C
- L In an automatic telephone system, -an
incoming circuit, a plurality of outgoing cir-
cuits, an automatic switch for inferconnect-
ing said incoming circuit with any of said
outgoing circuits, a device for generating
impulses in said incoming cireuit, - neans
responsive to each group of impulses for
advancing said automatic switch one unit of
space, and other means controlled by the
number of impulses in a group for govern-
ing the interconnection effected by said auto-
matic switch. _ A
2. In an automatic telephone system, an
incoming circuit, a plurality of outgoing
circuits, an automatic switch -operable
through primary and secondary movements

to interconnect said incoming circuit with

any of sald outgoing circuits, & device for
generating impulses in said incoming cir-
cuit, mechanism responsive to 2 group of
impulses for advancing said automatic
switeh one unit of space in either of its
primary and secondary movements, and
other means controlled by the number of
impulses in centrain of said groups for gov-
erning the interconnection etfected by said

knutomatic switch.
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3. In an automatic telephone system, an
incoming cireuit, a plurality of outgoing
circuits, an automatic switeh for intercon.
necting said incoming circuit with any of
said outgoing cireuits, said automatic switch
having sets of brushes, a device for trans-
mitting impulses over said incoming cireuit,
means responsive to each group of impulses
for advancing sald automatic switch one
unit of space, and other means governed by
the number of impulses in a group for de-
ternmining which set of brushes of said aufo-
matic switch is to be effective in intercon-
necting said incoming circuit and a vranted
outgoing: circuit.

4. In an automatic telephone system, an
incomivg circait, a plurality of outgoing cir-
cuits, an automatic switeh for interconnect-
ing said incoming cirenit with any of said
outgoing circuits, said automatic switch be-
ing provided with four sets of brushes,
neans including a pair of relays by which the
sets of brushes of said switch ave variably
connected to said incoming cirenit, a device
for transmitting impulses over said incom-
ing circuit, mechanism responsive to each
group of impulses for advancing said auto-
matic switch one unit of space, and other
means controlled by a number of impulses
in certain of said groups for variably operat-
ing said pair of relays.

5. In an automatic telephone system, an
incoming circuit, a plurality of outgoing
circuits, an automatic switeh for intercon.
necting said' incoming circuit with any of
said outgoing circuits, an impulse relay con-
nected to said incoming cireuit arranged to
respoid to impulses transmitted over said
Incoming elreuit from a distant polnt, a
motor magnet for advancing said auntomatic
switch, a pair of relays, a cireuit for said
motor magnet independently completed at
each of said relays, means responsive to one
operation of said impulse relay for actuat-
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ing one of said relays, means responsive to
a second operation of said impulse relay for
actuating the other of =aid relays, and nleans
controlled by said pair of relays for variably
governing the interconnection effected by
said automatic switch.

6. In an automatic telephone system, an
incoming circuit, an antomatic switch for
interconnecting said incoming eiveuit with
any of said outgoing cirveuits, said automatic
switch being provided with a plurality of
sets of brushes, a group of relays for vari-
ably connecting said sets of hrushes o said
Incoming cireuit, a motor magnet, for direc.
tively sdvancing said automatic switch, an
Impulse relay connected to said lncoming
cireuit arranged to be controlled by imi-
plilses transmitted thercover, a pair of relays
a cireuit for said moter magnet completed
on the operation of either of said relays,
means responsive to a single operation of
sald impulse relay for actuating one of said
relays without actuating the other of said
pair of relays, means responsive to the se-
cond operation of said impulee relay for act-
auating the second relay of said pair while
retaining the first mentioned relay of said
pair operated, other meang responsive to a
third operation of said impulse relay for
effecting the deenergization of the first relay
and retaining the second relay of said pair
operated, means respomsive fo the fourth
operation of said impulse relay for deener-
gizing the second relay of said pair, and
means. controlled by the variable operation
of said pair of relays for controlling said
group of relays to extend said incoming cir-
cuit to one of said sets of brushes and thence
to one of said outgoing lines.

In witness whereof, I hereunto subscribe
my name this 20th day of October A. D.
1922,

WINFRED T. POWELL.
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