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1

The present invention relates to telephone sys-
tems and more particularly to automatic tele-
‘phone systems of the step-by-step type.
Step-by-step dial telephone systems comprise

the familiar subscriber’s telephone instrument

equipped with a dial together with central office
switching equipment. The switching equipment
may include either a line switeh individual to
each subscriber’s line or a line finder common
to more than one subscriber’s line, for deter-
mining the calling line, means such as an allot-
ter for designating or selecting a finder switch to
‘make the line finding operation, if line finders
are employed one oOr more selecting units for
selecting an idie one of a demred group of con-
nector units, and one or more connector units
for choosing the called line. Such a system may
also include a plurality of step swiiches which
are driven by magnets individual to each switch
and which may he controlled directly by pulses
of voltage sent out from the calling subscriber’s
-station in response to the operation of the sub-
seriber’s dial. After the individual line switch
has operated to select an idle first selector or
after an idle line finder has operated to find the
calling subscribei’s line and thereby connect him
through to an associated idle first selector, dial
tone is received and the subscriber proceeds
to dial the wanted number. The first digit dialed
.sets the wipers of the first selector opposite the
Jevel corresponding to the digit dialed, where-
upon a hunting action takes place to select a
trunk to an idle second selector or to the next
switehing unit in :the switeh train. Now,. the
second digit is .dialed and the wipers of the
Second selector or the next switching unit,.as the

-case may be, are set opposite the level correspond-

ing to the digit dialed and a hunting action again
. takes place in exactly the same manner as in
‘the case of the first selector. The procedure.is
repeated until all of the selections are made. ex-
cepting that to the individual subscriber’s line
~and his particular ringing frequency or code, 1f
The is one of several on a party line. In the case
~of a single party line, the two remaining digits
. of the called.subseriber’s number are dialed and
the wipers of the connector switch are set, suc-
cessively, opposite the level corresponding to the
tens digit of the called line and then on the
contacts corresponding to the units digit of the
ealled line, whereupon ringing of the called line
takes place. In fthe event that the .called sub-
seriber is one of several persons on a- party
line, a final frequency or.code selecting digit is
.dialed by the calling subseriber and.an additional
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- the control of the calling subscriber’s dial.

2

selector switeh associated with the connector is

operated to select the desired means of ringing

the bell at the called station.
Tt can be seen from the foregoing that each
“rank selection” is sufficient unto itself, thab

is, the subscriber dials a digit and the entire en-

‘suing operation is performed completely within
the switching circuit in question.

A series of

relays, associated with that switch, pela,te and
in turn transmit the impulses received from the
calling subscriber’s dial to. the stepping magnets
of the switch which, In turn, set the wipers .op-
posite the level corresponding to the digit dialed.
In the case of the connector, similar operations
take place except that, unlike the “rank selec-

tion” switches, the wipers of the connector are
‘set on the particular contact dmled complete-

ly under the control of the callmg subscrlber S
dial, there being no huntmg action over the con-

-tacts of the partlcular level selected.

The line finder is a non-numerical switch,
that is, it performs neither a level-selectmg op-

er&tlon nor a contact-selecting operatlon under
This

switeh is started by the removal of the handset

" of the telephone at the calling subscriber’s sta-
tion, and the wipers are operated to connect to

the calling line without that subscrlber S mter-
vention. Line switches perform in a simijlar man-
ner, except that they are individual to the call-
ing line rather than common to a group of call-

ing lines.
It is an object of my invention to prov1de Q

new and improved sutomatic telephone system of

the foregoing type which is economical not only
in

first cost but also with respect to maintenance
charges, which is relatively trouble free in oper-

-ation, and ‘which conta,ms new and improved

features.

Another object of my invention is to promde
an automatic telephone system employing new
and improved methods and apparatus for han-
dling trunk calls on a different basis than calls
originating with suhbscribers’ lines. In accom-
plishing this object of my invention, there are
provided separate line and trunk start leads to
an allotter and the finding and seizing of calling
trunks requires movement of the finder switches
in. one direction of movement only.

Still another object of this invention 15 to
provide an automatic telephone system having

" new and improved line finding circuits in which

off-normal switch contacts are combined wij;h
eleven level contact banks in order to. provide

trunk call identification to succeeding switches,



o twenty, for eX:ample.

direct control of all-links-busy and link test

marking paths to the allotter, as well as the.

- ‘control of line restricting circuits.

Another object of my invention is to prowde
a new and improved connector circuit giving
restricted service and conversation timing, which

enables a busy test challenge to be made before '
the connector step switch. operates to the ring-

ing setting under revertive calling conditions,

which provides improved P. B. X trunk hunting

and which provides tlmmg from both ends of k!
switch train.

Still another object of my mventmn is to- -

lprov1de an automatic telephone system employmg
a new and improved ring-trip circuit. |
It is also an object of my invention 1_30 provide

2,567,650
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* is used to attach the tip and rine conductors or
leads to the calling line: to conduct a busy test

10

the process of Iine
conductors through to the connector on g metal-

to prevent cutting through metallic connections
if a connector has seized the calling line during
finding: to cut tip and ring

lic basis if the busy test is successful to recycle.

the. allotter if the line finder fails to StOp in either |
~ direction of motion of the step-by-step switch:

to provide trunk call identification to succeeding
circuits; and to provide direct control of all links

B busy and link test marking paths to the allotter.

a new and improved automatic telephone sys-
tem in which a selector is prevented from cut-

ting through on dead levels, and a dead level
tone is returned to the calling subscrlbel when---

ever a dead level is dialed.

Another ob;lect of my mventlon CONcerns the
- provision of new and improved means for dlglt_ O

absorbing or cancellmg and dlglt adding:
GENERAL DESCRIPTION |

In accordance with my anEIltIOIl there is pro-'
vided a system employing step- by-&tep switches

- for line finding, each line finder being directly
associated with a selector to form a finder-selec-
tor link or combination.

There is illustrated

20

2D

to drive the line

~The line finder may be provided with means for

discriminating restricted levels in the selectm

and timed calling levels,

- Allotter.—The dual allotter, as stated above |
serves primarily to control the operation of a

pre-selected line finder and to pre-select another
‘idle link upon completion of a line finding op-
eration. The allotter is also used to pre-impulse
- the selector aqsocmted with the idle line finder

when the allotter is energized; to drive the line

- finder in whatever direction is necessary to at-

tach the finder-selector link to the calling line:

finder in one duectmn only

- to attach the link to a calling trunk as distin-
- guished from a calling subsecriber’s line; to re-
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herein a 1000-line system and there is provided

a suitable number of finder-selector links, as

next initiated call.
of handling calls, the allotter has duplicate re-

lays for all functwns thereby constituting a dual

There is provided an allot-
- ting circuit for pre-selecting an idle link for the
In order to increase the rate

cycle if the line or trunk is not found within

~a prescribed time; to transfer functions so that

one side of the allotter can carry the entire load

- of the line group in case of trouble or in case

all links normally served by the other side be-

come busy; to operate peg count meters: and to

- return the all links busy tone when required.

allotter in which each half is normally brought

into action by half of the llnes there being, for
~ example, 50 lines assigned to each allotter. Pro-
vision is made for transferring all the lines to
one-half of the allotter under certain conditions.

4.0}

- Selector.—The purpose of the selector cireuit,
as indicated previously, is to select a group of

- connectors under the direction of the dial and
“hunt automatically for an idle trunk in that
‘group. In order to accomplish its purpose, the
selector is caused to repeat the dial pulses re-

~ ceived from the calling party in order to select
the desired group of connectors, to hunt in the

After the line finder-selector link has selected

the calling line, the selector is caused to hunt,

~upon the dialing of the first digit of the called

~ number, to select an idle connector in that group
of connectors designated by the first digit.

After.

selection of the connector, second and third dig--

. its are transmitted to cause the connector step-
by-step switch to move to a position corr espond-— -_

~ Ing to the called subscriber.

Line circuit~——In connection Wlth a system such' -

as that described herein, there is provided a line

- circuit at the termmatmg, as well as at the orig-

inating, end. of each call. The line circuits are

- arranged to supply ground over a start lead to
~ initiate operation of the allotter; to mark the
position of the cailing line in the banks of the

- Iinder step-by-step switeh; to transmit all links
© busy tone to a subscriber when all of the finder-
- selector links are in use; to transmit coin box
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~selected group for an idle trunk in the level se-

lected by the dial, and then to establish a con-
nection to the succeedmg switching equipment.
There may also be provided provisions for digit

cancellmg, digit adding, permanent time rejiecase

and the fransmission of link ldle and lmk busy o
indications to the allotter. L
Connector—The primary functmns of the con-'
nector are to select a subscriber line and to es-
tablish ringing of the desired called station un-

der -the control of the calling party. The con- .

- nector may be of various types depending upon

DO

the kind of service which it may be called upon

- to perform, such as party line ringing of either
~the harmonic or code type, P. B. X trunk hunt-
 ing, conversation timing from one or both ends

- of the system, and revertive calling. Party line
60

tone to a manual operator when the system is so

~arranged; to prevent the indefinite holding of
65

a line finder and selector combination when 3
~ permanent fault appears by disassociating or
locking out the faulty line from the switching
equipment after a period of time determined by
~common timing equipment; and also to elim-
. Inate the line, start and marking esrounds on ter-
minating calls in order to prevent the unneces-
sary use of the line finder-selector links. |

Line finder—The Iline finder,
above, is employed to find the calling line.
addition to this primary function, the line finder

a5 1nd1c:ated'

ringing may be of any suitable type such as the

-2, 4, 9 or 10 party full-selective or 10 or 20 party

semi-selective types employing multi-frequencies
or combinations of long and short rlngs Lo secure
the desired party.

P. B. X trunk huntmg a,llows the a531gnment
of successive numbers to a business establish~
ment, or the like, whose telephone needs are suf-

ficiently great to justify the assignment of two

- or more consecutive telephone lines,
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case, the connector tests the lines in succession
unt11 a free line is found. Normally, when the
first line is called, testing begins over the entire
group. Provision may be made, as for ‘night
service, for example, such that if any line other
tha,n the first in the group 1s called, that llne

in which



%5 67:350

only is tested. This: feeture allows- the. listing.In.
the telephone. dlrectory of all. telephone lines, ex~
cept the first; as:night lines: for. particular indj-.
viduals: whereby at: such.- tlmes they receive - the:

benefit of individual line semce

The conversation tnmng feeture allews fer pre=
cision timing of telephone calls, either when Orig=:

inated by or completed- to subscribers;on party
lines. Ccnversetlen tlmlng may: be ef any. pre-

 determined duration-and a warning tene may.0e.
given to both parties: at predetermzned times. dur--.
Any line-may be-equipped.
with time. cancelling hy means. of which calls,
originated by or completed to any. 11ne S0 eqmpped;
have the. timing feature rendered inoperative. so-
that conversation may-continue: umnterrupted for.

ing the timed:interval.

any desired period.

There are illustrated two types.of revertwe call
One, which may be celled SpEGlELl num--
her revertive calling; is designed:to. ellew two sub-
scribers- on the same; line-to. call- eech other. by-
dialing s speclel number consisting of a. prelnm—-

circuit,

nary- digit followed by- a digit corresponding - to

the calling- subscrlber s number and. a- thnd_
digit corresponding to- the called subscrlber S:
As soon- as. the. celhng pertya« hangs
up -after dialing, both- subscribers’ bells ring..
When the: call is answered ringing ceases:- and.
the celhng pe,rty is thereby: 1nfcrmed thet the.
call is ccmpleted The- second methcd known.
as dlrectery number revertive calling; differs from.
the foregoing method:or- type, in thet it is- not-

number.

necessary  for the. calling - subscrlber to - dlELl

special number.
the wanted subscriber and: ha,ngs up-, upon - re~

ceiving the busy tone.

answered.

In addition to the foregomg functiens of- the:
connector, note 1is made of provisions. to- deter--
mine that the celled line -is not engaged.: end to-
inform the. ce,lllng party of  the existing: condl-.--
tion-of the called line; to place a distinctive con~ -
d1t10n on the selected -line. to prevent seizure by:
other connectors; to provlde current for- holding.
preceding circuits of a switch:train; -operated; 10.
brealk down eutcme,tlcelly an- 1ncen1p1ete con~
i
and to break down: automatically a complete con--
nection after 4a predetermlned cenversetlene,l-;.--

nection after a predetermined perlcd has-elapsed:

period has elepsed

Common: eqmpment is provided: to make: avail-
able the necessary-tones, alarmsand timing con--

trols when such are-commeon to several-circuits:

Further objects: and advantages as well-as. a.
detailed understanding of my- invention w111 be.,.
-epperent from a study.of the:following: descrlp--,
tion when Tead in connection with the drawings:

in which Fig. 1 illustrates the basic. features of a
step-by-step switch which may be used to-carry
out the principles:of my- 1nventmn Fig.: 2. is:a

chart showing- the. I‘E}&tIOIlShlp -0f- the various.
ficures. of the: drewmgs and which- enebles a com- -
plete wiring diagram to be.assembled; if the vari-
ous figures of -the drawings: are placed in the in-.
dicated locations, Fig: 3.illustrates;the line. circuit-

of my: system, Fig. 4. depicts: the finder: smtch

and associated c1rcu1ts ‘Figs. b and: 6. illustrate the
various component parts. of a: selector: embody-
ing the principles-of my 1nvent10n igs. 7 and. 8-
and. 9..show a, ‘connector circuit’ 111ustret1ng the.-
principles of my invention, Fig. 10.shows a ter-
minating line .circuit, Flgs 11 12 and 13 111ustre{te-,;

He merely dials: the number ef_.-:'

After.an. interval, which-
~ he assumes is sufficient to enable the. ce,lled party.
to answer, he again removes-his receiver.and-con-.
versation: commences if - the called: perty has.

10

15

20

2.
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“herein; Fig.

of “D.”
tem, wiring “D” is used, but if this service is not
provided, wiring. “W’-is used.
timing-is furnished, wiring “V” is used in place
of wiring “W.”

6

a dual allotter for use in. the system described:
_ 14 illustrates: equlpment which 1s
common. to. the system, Flgs 15 and 16 illustrate

an alternative. revertmg cell circuit and Figs. 17

and 18 111ustrete medlﬂcetmns of features of the
C1rcu1ts shown in Pigs. 4; 11 end 12 and Figs. 7, 8

and 9. respectwely

With respect to Figs. 5 and 6 relating to. the

selector, it- is desired.to point out. that if per-
manent timing lock-out is to be employed, the
equipment within the dashed rectangle marked
with the numeral B is used, but if the lock-out
feature is not- desired, the ground connection in-
dicated within the dotted rectangle C. is sub-

stituted. Attention is also called to the dashed

rectangle D which: is-used if digit adding func-

tions are required, in which case wiring “M” Is
used. If digit adding is not employed, rectangle

D is omitted and wiring “N” is substituted.
Referring to the connector, illustrated in Figs.

7, 8, and 9, a number of alternative provisions are

made. If directory number revertive calling. is

employed, the apparatus shown within the dashed '
rectangle B and “D,” “W,” and “X” wiring is

used, but if:the special revertive call circuit illus-
treted in Figs. 15-and 16 is furnished, the parts
shown within rectangle E are omitted and “D,”
‘W” and “Y” wiring is used. If the trunk hunt-

ing feature is utilized, the parts shown in rectan-

cgle F are. included-and wiring “C” is used instead
If dual timing is made part: of the sys-

Step-by-step switch

It is believed that a complete understanding of

the principles.of :my invention requires not only
an explanation cof;a. complete telephione system,
but also a description of a suitable step-by-step
switch.  There is. illustrated . in Fig. 1, a. switch
speciallyadapted for-use.in the system embodying
my invention and known by the trade name “XY”

switeh. This:switch derives its name frecm the
fact that the wipers or contact brushes; during.
movement to a desired position, traverse first in

a, primary direction .and:then in the same plane
but in- a secondary direction at right angles to

‘the first. direction, which, in-the right-hang rec-

tangular co-ordinate system:are X and: Y dlrec-
tions, respectively.

There is provided-a:carriage [, which makes the

primary and secondary stepping movements and

5 has:a set of contact brushes comprising two pairs

of wipers: 2. and: 3- mounted-on it for tip, ring,
sleeve and hunt connections, respectively. These

wipers. are bifurcated; employing twin contacis

that make connection directly ontc bare wires.
which run-in: banks behind: the switches.

~ in turn hold-the switches.
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"~ The-carriage is:driven by the cog roller or tubu-

5. lar shaft-assembly 4-which slides:along the shaft
5 during the:X motion. The cogroller 4-is shown

in the form of a double-cut fubular gear with
ratchet: teeth-cut parallel to-its length and rack
teeth cut-as rings:
with -and-are driven in the X motion by a sull-

sble sprockel or gear 6:; For.siepping in-the X
direction, the X megnet 1, located in the upper

left corne1 of the plate- 3 - operaves, through . a
pewl 9

If conversation:-

The
bare wires may be arranged in molded frames.
which may be-rigidly mounted to the cells which

The annular rack teeth mesh

the re,tchet wheel [0:-which is-suitably -
mcunted on the sprocket: essembly In respense::-

Y FH



- are operated by a pinion 12 )
sprocket 6 through a rack 13 to which it is at-
tached. Thus, as the X magnet steps the sprocket

- to_repeated pulses the magnet 1 steps the cog

roller assembly 4 along the shaft B, -positioning
the wipers on the carriage | successwely before

each wire bank. Since four wipers are involved

and each wiper has its own set of 11 wires, 44

‘rows of wires each 11 deep are lined up along

the front edge of the mechanism plate, immedi-
ately before the wipers (see Fig. 4).

~ The “XY switeh is nommal]y a 100 pomt
'switch 1. €.,

direction and ten steps in the Y direction, thereby

is normally given ten steps in the X

| 2,567,850

'3' .

~each switch as to the position of the brushes

or wipers. - Operation of the X o -normals for

' -instance, indicates that the switch has taken at
- least a single step in the X direction. Operation

The eleven
- pairs of wires that are lined up before a pall of-

Wwipers constitute g wire bank. 10

makmg possible the selectmn by the Wlpels of -

any one of 100 lines.

To mark the level of X travel for ﬁnder opera~ -

tion, timing or dlscrzmmatory purposes, an aux-

iliary set of contact brushes adapted to be posi~

tloned according to the position of the primary =

‘movement or set of brushes, and indicated by

20

the numerals ({ and {{g, enters g separate bank

comprising X and XX levels.

6, both the cog roller 4 and wiper rack (3 move,

roller & to the right and rack 13 upwardly, as

viewed in the drawing. ‘When the X wiper |1

Wipers Il and g
assembled with the

of the Y off-normals similarly indicates that at

~ least a single step has been taken m the Y dlrec— |
~tion. --

" The circuit function of the ) -norma,ls dlffers
in each use of the switch but, in general, indi-
cates that it has either moved in one direction

and should now move in another or all necessary
- motion has taken place. _
-circuit function common to all switches and that

There 18, however, one

is to remove current from the release magnet 38

when the brushes have returned to the normal

position. When the release signal is given, cur-
rent is kept on the release magnet 30 until the

- switch is fully home and is then removed to avoid
unnecessary current flow and heatmg Both the
X and Y off-normals are used in this function
‘since the switch can be moved mdependently in

._ eﬂ:her direction.

25

In the event of certam incorrect mampulatmns ) '
or an all-trunks-busy condition, hunting switches

may progress the entire length of the bank with-
~out encountering a stopping signal.
means of correction were prowded they would .

Unless some

- continue to hunt vainly until the circuit was de-

has found the proper level, thereby positioning

the wipers on the carriage before the proper wire

banks, the X magnet 7 is de-ener gized and the Y

magnet 5 takes over. The Y magnet §5 is lo-

cated in the lower central portion of the mecha-

- nism plate In stepping, its pawl 16 operates di-

rectly on the ratchet teeth of the cog roller 4, 3

turning it, and thus driving the wipers 2 and 2

into the wire banks through the interaction be- |

tween rack 20 and pinion 21.

- The X position of the wipers is shown by re f-
~erence to a scale {7 attached to the mechanism

30

energized. Overflow springs 21, arranged to op-

erate in the extreme position of the brushes in
either the X or Y directions (namely the eleventh
X or Y step), interrupt the magnet current in

order instantly and permanently to stop useless
stepping until the switch is released.

The release Sprmgs 28 have two 1mportant-

functions in connection with the release of the
switch., First, it is necessary to continue the
- release mgnal untll the switch is fully hone de-

~ spite any re- -energization of the circuit which

40

plate and the Y pomtwn by reference to a num-

bered drum 18 located on the tubular shaft as-
sembly. Thus, the position of the wipers 1s de-
termined directly and quickly.

| It should be recognized that the momentum of "4
- . the switeh, if not arrested, Would carry each step
This is more easily realized

beyond its limits.
when one cons1ders that the stepping is of the

order of fifty per second.. In order to stop the

X motion at each step, the end of the armature

35 of the X magnet engages a tooth of the

might occur. Second, there must be positive pro-
tection agamst premature selzure of a switch

before it is fully home. In the “XY” switch, the

- first is accomplished by a release spring contact

estabhshmg a seli-locking electrical circuit which
keeps the driving pawls 9 and 16 removed from

 the raichet wheel (X motlon) and the cog roller
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sprocket at the bottom point of the armature

travel.
each time the X magnet completes a pulse.

In the Y motion, a cam (not shown) on the
underside of the Y armature operates against a

member 22 called the stop bar. This stop bar is
rocked forward at each downward stroke of the
Y armature. A knife edge on the stop bar 22 en-
gages a ratchet wheel 23 on the end of the cog

completion of each Y armature stroke.

- There are provided X off-normal contacts or
Y off-normal contacts or switches

switches 25,
- 26, over-fiow smtches 2'! and release Springs or
- switeh 28. --

The off

-normal and overﬂow swfcches are

mounted as a common assembly located in the
lower left-hand corner of the mechanism plate

and the release springs are mounted on a sepa-
rate assembly located near the release magnet 38.
The X and Y off-normal springs 25 and 2§,

The sprocket motion is, therefore, locked

60
roller 4 locking the rotation of the cog roller,
and thus the advancement of the wipers, at the_

65

“normal.

(Y motion). The lock is interrupied when the
switch returns home. The second function is per-
formed by a second release spring which main-

tains a busy indication until the switch is home,
thus preventing its seizure until everythmg is
When the release magnet 30 is ener-
gized, stop members 31 and 32 are removed from
engagement with cog roller 4 and sprocket 10,
respectively, through operation of armature 33.
The Y return movement of the carriage is then
performed by a spring 34 coiled in the tubular

-shaft of the cog roller and the X movement by

a spring (not shown) coﬂed around the shaft of
the sprocket 6.

| DETAILED CIRCUIT DESCRIPTION

- In the followmg detailed description, a call 1S
_'traced from the calling party’ s - station to the
‘called party’s station. Revertive: calling is then

discussed and finally circuit refinements t0 pPro-

- vide special features and to take account of spe-
- cial conditions are described..
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The telephone system herein described in de- '
tail comprises a single selector and, therefore,

- serves a 1000-line system and requires the trans-

respectively, perform similar functions, that of

~informing the relay equlpment assomated W1th-"

! - “.‘.r i ¥ =—rH P .
' - LT e aimaht T
- han ) .I" L o - o] (LIRS
. ] _ - T S THA i ool TU R L , W
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mission of four digits, one to select the desired

group of connectors, the second to determine the

tens d1g1t of the called number, the third to se-

lect the units digit of the ca,lled number, and



‘9,567,650

the fourth to ring the called line. The princi-
ples of my invention, of course, are not limited
{0 theparticular choice of circuits described here-
in as a system and my invention is equally aplica-
ble to any desired combination of the various cir-
‘euit components. o

In describing the circuits involved, the various
relays are designated by letter combinations.

St 10 _
armature LLO-—4, and contact LLO—5 of lock=

out relay LIO to the ‘contact in the X bank of
‘the line finder switch “F'Sw corresponding to the

calling line. _
follows: ground -‘at armature LIL—3, contact

The hunt lead H is grounded as

1.1~8, armature LLO—I1, and contact LLO—I2,

The first letter indicates the part of the system

in which the relay is located, i. e., L. indicates
line eircuit, F indicates finder, A indicates allot-
ter, S indicates selector, C indicates connector, R
indicates a -special reverting call circuit and B

14

to the contact in the hunt bank of the line finder
corresponding to the calling line.

Ground on the start lead is utilized to operate

‘g, -start relay -in the allotter (Figs. 11, 12 and

13) 'whi¢h initiates the energization of the line

refers to common equipment. Following the ini-

tial letter are one or more letters which are usu-
‘glly “the initials of the name of the relay with
‘which they are associated and which serve to
identify that relay. For example, C refers to a
calling relay, PT to a permanent timing relay,
D to delay, and X and Y to switch motion. ‘Thus,
SXD refers to a slow release (delay) relay assocl-
ated with the X motion of the selector switch.
The relay ‘contacts and armatures are identified
by the same letters referred to above followed
by a hyphen. and then a numeral. Thus, SXD-2
designates an armature of the SXD relay.

It may be noted that in the described system,
when the battery is connected into the sysiem

but no calls are being made, the ALB and ALL

relays are energized but all other relays are
de-energized. The ALB and ALI relays remain
energized as long as there is an idle link (g Iink
comprising a finder and a selector). The other
vrelays are energized at various times during the
progress of a call. Hence, in the ‘drawings, the
srmatures ‘of the ALB and ALI relays are shown
in the .operated positions while the armatures
of the rest of the relays are shown “unoperated.
The term “battery” ‘when used in the following
cirecuit description refers to the negative glde
of battery. The positive side of battery 1S
‘srounded and hence the term ‘“‘ground” refers to
positive battery. - |

Line circuit

"Referring to Figure 3 of the drawings, a -call
is initiated by removing the receiver irom the
hookswitch or cradle, thereby closing the hook-
switch contacts 41 as shown in Fig. 3 and com-
pleting a circuit through a suitable dialing mech-
anism 42 to the tip and ring leads, T and R,
respectively. Closure of the hookswitch com-
pletes ‘a circuit for the energization of line relay
I1. Relay LL is a two-winding relay. One
terminal of the lower winding is -connected 1o
battery and the other terminal is connected to
the ring lead R through contact LCO—4 and
srmature LCO—3. The circuit to ground from
the tip lead T comprises armature LCO—I,
contact LCO—2, the other coil of relay LL,-con-
tact LLO—I and armature LLO—2 1o ground.
If all-links-busy tone is to be provided, the fore-
coing circuit is grounded through a transformer

15

finder switch (Fig. 4) chosen by the allotter to
serve the call. The start lead is traced over the
following ecireuit: ground at armature LL—I,
contact LI--2, armature LIL.O—4, -contact

LLO—5, resistor 43, and start lead LST, to the

20

allotter. N | o
- “When- the calling line is found, as will be more
fully "described ‘hereinafter, ground is placed on
the sleeve-lead S in the sleeve bank of the finder
switch FSw (Fig. 4) and conducted to ‘the line

circuit by lead S. Presence of ground on the

T .

to an operator, the cut-o
nected “to battery through "a transiormer: wing-
ing as indicated in dotted lines in Fig. 3 instead

‘Nil

sleeve lead ‘S operates the cut-off relay LCO
over a circuit ‘extending from -grounded ‘sleeve

5 Tead S, armature LI.O—8&, contact LL.O—S9, wind-
‘ing ¢ cut-orf

F relay LCO to battery. If provision
is ‘made for the transmission of coin box tone
Frelay LCO "is con-

of directly as shown by the solid line. Cut-off
relay L.CO locks up through a .circuit extending

*ijom grounded sleeve lead S, ‘through contact
T,CO—8, armature LCO—8, and winding of .relay

‘55

1.,CO to battery. Operation of the "cut-off relay
is now independent of subsequent ‘operation of

Tock-out relay LLO., |

“When the -cut-off relay LCO ‘is energized, the

tip and ring leads, T and ‘R, respectively, are

40

disconnected from the. l_in'e_"re'la;y I.L: by the open-
ing of the line circuit at contacts LCO—2 and
LCO-—4. De-=energization -of relay LL removes

ground from the marking leads at contacts LL—2

45

and LL—4 respectively. - | |
‘The energization of cut-off relay LCO also
causes ground ‘to ‘be placed on the winding of

lock-out relay LLO, the “circuit extending from

B0

bb
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the grounded sleeve lead S through contact
T.CO—5 and armature LCO—6 to one ‘terminal
of the winding of relay LLO. The other ter-
minal of the LLO coil is connected to battery.
Operation of the lock-out relay LLO ‘breaks the
original ‘energization path to the cut-off relay
L.CO at contact LLO—8 but the cut-off relay
L.CO remains locked up ‘as explained above.
Liock-out relay LLO locks up to the grounded
sleeve ‘lead 'S through its own armature LLO—38
and eontact LLO—T and hence is independent

of any subsequent action of cut-off relay LCO.

 Allotter and line finder
- In the “at rest” condition of the allotter, i.-e.,

-eireuits connected but no calls being made, the

as indicated in dashed lines in Fig. 3 .instead

of directly as shown by the solid line.

Operation of line relay LL grounds a start

tead LST to the dual allotter in order to cause
o, pre-selected finder to hunt for the calling line,
srounds the X-mark lead to mark the tens posi-
tion of the calling line in the banks of the line
finder switch FSw (Fig. 4) ‘and also grounds the
H lead to mark the units position of the calling
line in the banks of the line finder FSw.

The X-mark circuit is as follows: ground at
armature LL—iI, contact LL—2 of line relay LL,

Lily
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allotter is-cut-through to-an idle link comprising
an interconnected finder and selector by means
of ‘contacts and brushes of the rotary 1link
selector switch ALS. The link busy relays ALB
and A'LB associated with left and right hand
portions, respectively, of the allotter and the
link-idle relays ALI and A’LI are normally picked:
up by grounds derived through chains of con-
tacts in the line finder and the selector. 'Thus,
referring to relay ALB (see Fig. 12), one side of
its winding or coil is connected to battery. The
other-side of the coil ALB is-connected to ground




-~ finder Y o

. over g circuit extendmg through conteot DK——-I
- and arm DK—2 of the disable: key DK, arma-

ture A’S2—18 and contact A’S2—I9 of start

reley A’S2, ALB lead to the finder (Fig. 4),

“armature FYon-—s and contact FYon—4 of the
-normal switch ¥Yon, contacts of the-

‘make busy switech FMB, ALB lead from the finder
to the selector (see Figs. 5 and 6),

- SD—3 and armature SD—4 of seleetor delay

‘relay SD, and contacts of the selector make busy

switch SMB to ground - Inasmuch as all finder-

armature AS2—I,
brush and contact of section 53 of selector switch -

B '2;567,650’ |
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pr e-1mpulse lead PI is grounded to operate the -

selector eglling relay SC. The circuit for relay

SC extends from ground in the allotter thr ough
contact. AS2—2, resistor 00,

ALS, the PI lead to the sel ector (Figs. 4 and b),

- armatgure -'
~ SYon—I1 and contact SYon-—2 of the selector
Y off-normal switch SYon, conductor 36, contact

10

selector links are multipled, if any link is not

- operated or employed, relay ALB is energized
| -through at least one closed off-normel contact_

| m the finder and the selector.

~The operating circuit for link idle rela,y ALT is

as follows: bettery, upper winding of ALI, arma-
ture APT—1 and contact APT-—2 of the perma-

15

20

nent tlmlng relay APT, armature AS2—4, con-

- tact AS2--3, arm and conteot of rotary switch
 element 55 of link selector switch. ALS, link idle

lead FLI to the line finder (Fig. 4), spring or "

armature FYon—5 and contact FYon—-B of the
finder Y off-normal switch
FZ—1{ and contact FZ—2 of release magnet FZ,
armature and contact of make. busy switch FMB,
~ link idle lead LI to the selector, contacts of the

selector make busy switch SMB, contact SYon—3,

FYon, armature

25 -
- to release.

completes g elrcult for energizing the allotter de-

20

spring or armature SYon—4 of the selector Y off- |

normal switch SYon, contact oZ—I1 and arma-
ture SZ-—-2 of release magnet SZ to ground. In

- -order to make link idle relay ALI pick up as
_rapidly as possible and insure halting of allotter

cycling upon reaching an idle link a second or
lower winding is provided for relay ALI which is

- connected in parallel with the upper winding

through armature ALI-—I and contact ALI—2.
When the relay ALT picks up, the perellel circuit
is broken at contact ALI—2.

and the lower winding of relay SC to battery.
Operation of relay SC causes energization of the
selector delay relay SD over a circuit extendmg
from the winding of relay SD through armature

SC~—I, contact SC—2, contact SZ—1 and arma- -
- ture SZ—-2 of the selector release magnet SZ to-

ground, the other terminal of winding SD beinig
connected to battery. Operation of relay SD re-

moves ground from the release lead 7 extendmg

between the finder end the seleotor at eonteot

- SD—S8.

Referring to the ellotter stert reley AS2Z, 1t is

,noted. that in order to permit the link selector

switch ALS to select the next idle link as soon as
possﬂole since the selector switch ALS can step
only when the link idle relay ALI is deenergized,
as will be more fully explained later, the ener-
gization of relay AS2 opens the ground circuit
over the FLI lead, allowing the link idle relay ATT
The picking up oi relay ASZ also

lay relay AD, which is slow to operate, as indi-
cated, in order to permit pre- impulsing, i. e., the

-energlzetloo ol the selector calling relay eorre-
sponding to the next idle link, as well as slow to
Trelease.

This circuit extends ifrom attery

N through the winding of relay AD, contact AX—{

35

The all links busy reley A'LB and link idle re-

lay A’LI for the right-hand half of the duel a.1-
lotter are similarly connected.
. Slnce g
connected  together, one set of off

link idle elreults as well as one release or Z con-

vision of all the foregoing contacts is preferable
In order to insure high quality of service by

avoiding trouble in case either a finder or a se-
| lector becomes moperetlve or meffeetlve for any
| reason. |

At this stege of operation, the e,llotter se]eotor |

finder and a selector gre permenently-
—normel con- -
~ tacts can be omitted in both all links busy and .

-'-_Steppmg magnet
- through a circuit

40

tact AD———E
ANIL—1I of the allotter normal level relay ANI

-and armature AX—--2 of the allotter X-stopping :
-reley AX, armature AS2—S§, oonteot ASZ-——J con-

Opelatloh of relay AD pleees ground -on the
FX in the finder (Fig. 4)

xtending from ground at ar-
mature AS{-—3, through contact ASt—4, contact
ASZ—5, armature ASZ2—0, armature AD—&, con~
armature ANL—-Z and contect i

Ly

armature AX—4, contact AX—5 brush and con-

45 -

tact of section 51 of switeh ALS, the X lead to the
finder, and interrupter switch FX—-I of magnet

- PX to the magnet winding of FX. The other

- terminal of the winding of magnet X is con-

- tact from the link idle circuit. However, pro~

50

55

sw1teh ALS stands at a position correspondmg to

an idle link and the ALB relay is energized. In.

- other words, a pre-seleeted link is prepared for
the receipt of a call.

scribing the line ClI‘CllIt the line circuit grounds

the line start lead LST through a resistance 43

and imposes solid ground on X and B terminals
- 1In the X and H banks of the line finder. Resist-

As previously stated in de- -

switeh FOF—I.

the driving circuit.

nected to battery through the finder overflow
The finder X magnet FX drives

the finder switch FSw in the X direction on a

- self-interrupting basis because energization of

- FX breaks the driving circuit at interrupter
- switch FX—{. |
“the magnet releases the armature and re-closes
Thus, each impulse ca,uses"---'

The resulting de-energization of

the ew1teh to move forward one step.
The X brush of the finder switch FSw even-

-_ tually engages the X terminal or contact marked

60

with ground by the line circuit, thereby com- -
pleting a circuit to energize the X-stopping re-
lay AX. One 51de of the coil of relay AX is con-

' ‘nected to battery. The other terminsal of the |

ance ground is thus brought in from the line cir- -

cuit over the line start lead LST to complete a
circuit for start relay ASI through armature
ALLB—b, contact ALB—6, contact AA—3  and

armeture AA—4 to the Wmdmg of start relay

~ ASI, the other side of the relay winding. being:

'eonneeted to battery. The start relay ASI is
energized over the foregoing circuit ‘and closure
of its ermeture ASi—3 and contact AS |—4 com-
pletes an obvious circuit for energlzmg start reley
AS2.

'As a result of the energization of __.reley_A'Sz, the

65

winding of the AX relay extends to the above-

mentioned ground through contact AS2—I4,
armature AS2—I18, brush and contact of seetlon |

- B8 of ALS, the XB lead to the finder, the X brush,

70

~and the tens-mark or X-mark lead in the lme.':

circuit. The winding of relay AX prefer ably has
a low resmte,nee for example approximately (40
ohms, in order to permit a rela,tlvely large num-~-

~ ber of ampere turns and a relatively low induc-
~tance so that prompt action of the relay is ob-

75

‘tained fo insure stopping the finder switch at the
prope1 pomt and evmd overshoot

Operation
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- of relay AX removes the drlwng ground. from-

the X lead, so that magnet FX remains de-ener-
gized and no further attempt is made to drive
the finder switch FSw .in the X direction. The
~ operation of relay AX also allows the release O:
relay AD by opening its energlzmg path at con-
tact AX—|.

The release of relay AD 1mt1ates operatlon of
the finder switch FSw on a self-interrupting basis
in the Y direction to seek the units posi-
tion of the calling subscriber. 'The. driving cir-
cuit extends from the upper side of driving mag-
net FY through the FY interrupter switch FY—I,

the Y lead to the allotter, contact and brush of
section 52 of selector switch ALS, armature
AA—1 and contact AA—2 of allotter advance
relay AA, contact AD—2, armature AD-—1, con-
tact AX—3, armature AX—2, armature. ASZ——B
contact AS2—35; contact ASi—4 and armature
ASI1—3 to ground.  The other side of the: step-
ping magnet FY is connected to battery through
overflow switch FOF—I. .

When the H brush of the ﬁnder swﬂ:ch comtacts
the H terminal or contact in the hunt bank of
the finder switch which is marked with ground
by the Iine circuit, the allotter advance relay AA
is ‘energized. One terminal of the winding of
relay AA is connected to battery. The circuit to
oaround for the other terminal of the winding in-
cludes contact AA—8, armature AA—T, brush
and contact of section 51 of selector switch ALS,
the HB lead to the finder, hunt brush H of the
finder switch FSw, the contact in the hunt bank
representing the calling line, .contact .LLO—{2,
armature L.LO-—I1, contact L.L—4 and armature
I.I1—3. Relay AA locks to ground through con-
tacts AA—8 and AA—9, contact ALI—#4, arma-
ture ALI—32, contact
ALB—-—— i2 toground. - -

The operatvion of the allotter advmnce 1elay AA
performs several functions. Motion of the selec-
tor switch FSw in the Y direction is halted
by the opening of the driving circuit at armature
AA—I. The line start lead LST is also opened
at contact AA—3, which results in the de-ener-
gization of start relays ASI| and AS2. At this
point attention is called to the necessity of .open-
ing the start lead bhefore accepting the nexy call,
even though a call may be awalting service, be-
cause relay ASI would otherwise remain operated
and disable the system until all calling pa.rtles
hang up.

The operation of the allotter advance relay
AA also establishes a circuit for cutting through
the calling line to the tip and ring conduciors,
T and R, respectively, of the selector. This 1s
aecomplished by grounding the cut-through lead
CT as follows: ground at armature ASZ2—7, con-
tact AS2——8 (relay AS?2 is slow to release so that
at this stage its make contacts are still closed
even though the energizing circuit of relay AS2
has been opened) contact AA—-6, armature
AA—35, brush and contact of section §6 of se-
lector switeh ALS, CT lead to the finder, upper
winding of finder cut-through relay FC'T, sieeve
brush S of switch FSw, contact or terminal in
the sleeve bank of finder switch FSw, the sleeve
lead S to the line ecircuit, armature LLO—S8,
contact LLO—9, winding of cut-off relay- LCO
to battery. The line cut-off relay LCO and finder
cut-through relay FCT are thus operated In se-
ries. Operation of relay FCT grounds the sleeve

lead S between the finder and the selector as fol-

lows: S brush at the finder switch FSw, contact
FCT—6, armature FCT—1, forward .or front

10
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3H

"ALB——‘!?. and armature |

4()

lead ground holds up the cut-o
lays.

i4

sleeve lea,d 8 ‘to the selector, contact . SD——IB

armature SD—IT, contact SPT-—b and armature
SPT—4 .of the selector permanent timing relay

SPT to eround. Ground on the sleeve.lead S
liechts the busy lamp located at the selector make
busy switch SMB.

Relay ¥CT locks to the grounded S lead from the

pre-impulsed selector over the above-described

cireuit and continues .the grounded connection

to the. line circuit sleeve lead. The locking cir-
cuit extends from front sleeve lead S through

contact FCT--5, contact FCT-—4, and the lower

winding of relay PCT to battery. As described
above,. ground on the selector or front sleeve lead
was extended back to.the line circuit -through
armature FCT—17 and contact FCT—5 to ener-
gize Iine cut-oit
relay LCO de-energizes line relay LI: 10 remove
ground from the start lead LST and the X-mark

relay LCO. Operation of the

The line circuit sleeve
ff and lock-out re-

and hunt<mark leads.

Enérglﬁatlon of cut through relay FCT cuts
through the T and R leads on a metallic basis

to the .pre-imvnulsed. selector at armatures
FCT—I and ¥CT—I18, respectively, at contacts
FCT-—2 and FCT—II,
brush of -the finder switch ¥Sw is cut through

respectively., The XX

to the selector hunt lead H by the closure of

armature FOCT-—8 and contact FCT—8 to effect

restriction or timing discrimination, if provided.

It was previously stated that operation of
relay AA eflects the release of relay AS2. The
de-energization .of relay AS2 prepares a circuit
for the energization of the allotter pulse assist

relay APA which works in conjunction with link

selector switech ALS on a pulse-help basis to cause
selector switch ALS to step to the next idle link.
One side of the winding of relay APA 1s con-
nected to battery. The. other side of the wind-

ing ‘reaches ground through the interrupter con-
tacts of switeh ALS, contact AS2—I2, armature
AS2—I1, |

contact

 ture. AS2—9, contact Aézw—-lﬂ, contact ,ALI-—-A,

45
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calling relay SC as described heretoiore,
that the tip, ring, sleeve and hunt leads T, R,

armature ALI-—3, contact ALB—I3 and arma-
lector switch stepping magnet ALS is. obvious.
Switch ALS continues to step until ground 1s
found on the LI and. FLI leads, a condition which

- The driving circuit for the. se-

causes energization of relay ALI and opening
of the driving circuit for relay APA at arma-
ture ALI—8. Lead LI is grounded when the
selector release magnet SZ and the finder release
magnet FZ are deenergized, the selector and
finder Y off-normal contacts are closed, and the
finder and selector make busy switch contacts
are closed. If a finder or sclector switch is off

normal or any switch or circuit plate 1s un-

plugged, relay ALI releases to advance the al-
lotter to the next step. Operation of relay ALI
also allows the allotter advance relay AA 10 re-

lease by opening the circuit for the winding of
relay AA at contact ALI—4&.
relay AA prepares the start lead circuit for start

Deenergization of

relay ASt if another line is demanding attention.
. | - Selector |
The following description of the selector cir-

cuits assumes that a pre-impulse ground has

been placed on the lower winding of the selector
and

S, and H, respectively, are cut through to the
selector as previously described. Energization

of relay SC establishes master ground through
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ermature SC—-3 end eontect SC——4
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ground as used herein, means a ground avail-
able only when the mrcmt is energlzed ie,a

switched ground.

Operation of the SC reley effects energlzatlon-

of the selector delay relay SD over a circuit ex-
tending from the winding of the S relay
through armature SC—I, contact SC—2, con-
tact SZ—I,
other side of the winding of relay SD being con-

and armature SZ—2 to ground, the

~de-energized, the above-described circuit for:
“maghnet SX'is completed and at each energization

16

'mg ef relay SC te bettery Durlng dlelmg, thlc- |
~eircuit is completed and interrupted at the dial
at each impulse of the digit being dialed and
causes corresponding energizations and de-ener-

gizations of the SC relay. Each time relay SC is

- of the SC relay, ground 1s removed from the 8X

10

nected to battery. Operation of relay SD ac-

complishes a number of results; master ground

1s established by the engagement of contact
- 8D—2 by armature SD-—1 in parallel with the

- previously established master ground connection

through armature SC—3 and contact SC—4; the

15

megnet so that on each pulse the selector switeh

SSw is stepped one position or level in the X or

‘primary direction.
- ‘As soon as the switch SSw leaves its nmmal-
| pOSIthIl the SXon switches are operated. |
path over which relay SXD was originglly ener-

gized is broken at off-normal contact SXon—1.

- This relay is mede slow to release, however, and

- ground connection for the ALB lead between |
the selector and the finder is released at con~

- tact 8D—3; a ground connection for the. finder

‘release magnet FZ is broken at contact SD—8;

the incoming or back sleeve lead S is grounded

ab contact SD—I17 as previously described; the
tone start lead BRS is grounded through con-

tact SD—S8, armature SD—I1, contact SMT—|

and armature SMT—2 of the selector metallic
through relay SMT: a path is prepared for the

operation of the permenent timing relay SPT

from one terminal of the winding of relay SPT

through armature SD——I5, contact SD—I(4, con-
tact SPT—2, armature SPT—I, office pickup

lead OPU to the common equipment panel (see

Fig. 14) and the interrupter Ti which grounds

- SOF—I;

30

‘15 kept up during dialing by the passage of pulses
o through the low resistance upper winding there- =
o1, masmuch as this last mentioned wmdmg is.
20 | |

In series with the. magnet SX.,
Operation of . the selector X off
tacts also causes the energization of the selector

- hunt relay SH. Battery is applied at the right

~ hand terminal of the winding of relay SH over a

25 |
~ selector overflow contact SOF—2 and armature o

and the circuit to ground extends from

~ the other terminal of the winding of relay SH

circuit extending from the relay coil thr ough the

through armeture SH—38, contact SH—4, inter-

rupter spring or switch of the selector Y magnet

- SY, contact SXon—3, armature SXon—4, con-

the OPU lead periodically: and a path is pre- '

pared for the operation of the SMT relay by

‘sleeve ground supplied by the following selector,

if any, or the connector, if only one selector is

used, over the outgoing or front sleeve lead S,

as will be described later.

The establishment of master greund in the
selector results in - the Operatlen of the selector

- X-delay relay SXD over a circuit extending
- Irom the lower winding relay SXD through off-

normal contacts SXon-—I1 and SXen——z to master
ground, the other side of the relay winding being

connected to battery. Operation of relay SXD
results in the application of dial tone to the

40
~ selector switch in the Y direction.

calling line over a circuit extending from the

office dial tone lead (which is found at the right

hand side of Fig. 6), contact SH—{ and arma- N

ture SH—2 of the selector hunt relay SH, con-
tact SXD—3, armature SXD-—2, condenser 173,

50

contact SOF—4 and spring or armature SOF—3
- of the selector overflow switch: SOF, contact -

SMT—I3 and ermeture SMT-—-II to the rmg
“lead R.

A circuit is prepered for steppmg the selecter
step switch SSw in the X dlrectmn through con-

tacts of the SXD relay. The upper side of the

winding of the X magnet winding SX, as viewed
In Big. 5, is connected to bhattery through the
selector overflow contact SOF-—2 and spring or
- armature SOF—I. A circuit to ground for the

other side of the SX magnet is prepared through

- the upper winding of relay SXD, armature
SXD-—4, contact SXD—G5, contact SC—§- and
| erma,ture SC—1 to master ground, but the cir-
cuit is not complete at this time because the SC

- relay is energized and the circuit 1s open av

contact SC-—8.

- First digit.—The SC relay is cennected ecross
‘the T and R leads.
relay extends frem ground at one coil thereof

through contact SMT—I10, armature SMT-—-—a |
back T lead, subscriber’s loop, back R lead, arma-~

ture SMT—-—-I l contact SMT—IS and lower Wmd-

tact SXD—6, and armature SXD—'E to mestel

ground -_
| Energlzetlon of the selector hunt relay SH
establishes a shunt around armature SXD-—7
and contact SXD-—6 by engagement between

armature SH~—-6 and contact SH—5. The oper-

~ation of the SH relay also eliminates dial tone

by opening the dial tone circuit at contact SH—1.
There is also prepared a. path for: pulsmg the

—nermal COn-

‘The - N

| AS prevmusly explained, the SXD relay is kept' -
‘up by the flux resulting from the passage of

pulses through its low resistance winding. A
-short time affer the cessation of pulses corre-

sponding to the first digit, relay SXD falls

down, thereby completmg g circuit from ground

to the SY magnet over a circuit extending from

master ground through armature SXD—7, con- =
tect SXD—8, contact SH—1 and armeture SH—

8. The other side of the magnet SY is connected
to bettery through the selector ovelﬂow contect
SOF—2 and armature SOF—I.

The switch SSw hunts in the ¥ dnectmn for
an idle connector using relay SH as a pulse assist

~relay. Thus, operation of the SH relay energizes

- the SY magnet.

60

Energization of _th_e SY magnet,
and consequent opening of its interrupter con-

tacts, opens the operating circuit for the SH :
relay. De-energization of the SH reley opens
the drwmg circuit for magnet SY which de-ener-

gizes and permits its interrupter sw1teh to elese

_'agem energizing relay SH.

65

- After the first step in the Y dir eetlon the cir-

cuit for relay SH extends from the left hand

terminal of the relay winding over arimature

SH—3, contact SH—4, Y magnet interrupter

- switch, X off-normal contact SXon—3 and
armature SXon—4, armature SD—3, contect

70
The circuit including the S¢C

75-

'SD—1(2, contact SMT—-—T armature SMT—35 and

front sleeve lead S to. the sleeve brush “As long
as this path is complete and grounded, as by a

busy link in the S bank, the Y magnet steps in

the Y direction. Ground energizes relay SH.

The clesure of armeture SH—8 end eontae*'-
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SH—T energizes the Y magnet 8Y. Opening of
the ¥ magnet interrupter switch opens the ener-
gizing cireuit for relay SH and de-energization
of relay SH opens the driving circuit for the mag-
net SY. The finding of an ungrounded ter-
minal prevents operation of relay SH and halts
switch movement in the Y direction at that point.

During hunting over the busy links, both ter-
‘minals of the metallic through relay SMT are

grounded. Starting from the right-hand termi-
nal of the relay winding of relay SMT, as viewed
~in PFig. 5, a circuit to ground extends through
armature SD—i3, contact SD—I12, contact
SMT—1, armature SMT—5 to the grounded
front sleeve. The other side of the coll 1s con-
nected to ground through conductors 44 and 49,

- non-restricted contacts in the XX bank of the

selector switch SSw, the XX brush of switch S5W,
armature SXD-—8 contact SXD—10, contact
SD—16, armature SD—-{1, contact SPT—35 and
armature SPT—4. As long as ground is en-

countered in the sleeve bank of switch S5w, there

is no operation of relay SMT. However, the first
mentioned terminal of SMT, in addition t0 the
previously described connection to grounded
sleeve, may also be connected to battery over a
circuit extending from the right-hand terminal

of the winding of relay SMT, through X off-
" normal armature SXon—4, off-normal contact
' 8Xon—3, Y magnet interrupter switch, contact
SH—4, armature SH—3, winding of relay SH,
selector overflow contact SOF—2 and armature
SOF—| to battery. Thus, recapitulating, one side
of SMT is grounded through the XX brush, while
the other side is connected to battery through the
resistance of relay SH and also to direct ground
in the S bank of switch SSw whenever a busy link
-is tested. Whenever a contact without ground 1s
reached, the last mentioned ground is removed
‘and relay SMT picks up and the T, S, and H leads
‘are cut through to the selected connector by the

engagement of armature SMT—8 with contact

SMT—9, armature SMT—Ii{ with contact

- SMT—I12, armature SMT—H with contact

. SMT—6, and armature SMT—I{3 with contact
SMT—I[&, respectively.

' Energization of relay SMT alsc serves to

eround the conversation timing start lead BCLS

(Figs. 5 and 6) at contact SMT—Ig, and arma-

ture SMT-—2: to ground peg count lead PC over :

g circuit extending from lead PC through con-
tact SMT—4, armature SMT—3, contact SD—3J,
armature SD—4 and normally closed make-busy
contacts to ground. |

Ground is briefly placed on the outgoing or j;

front cleeve lead to cover the period necessary
~ to enable operation of the connector calling and
~ delay relays CC and CD, respectively, and also to
prevent another call originating at the called end
from seizing the chosen connector. Upon opera-

tion of relay CD, holding ground is established

for relay SMT from the winding of relay SMT
hy way of leads 44 and 43, the XX bank, non-
restricted lead, armature SXD—3, contact
SXD—16, contact SMT—S8, armature SMT—?,
 front sleeve lead S, S brush and contact of
switeh SSw, the upper winding of relay CSL, nor-
‘mally closed contacts of relays CRT and CSD
connected in shunt, contact CD—I12 and arma-
ture CD—I1 to ground. It will be recalled that
relay SMT is energized and that the connector
choosing digit has been completed, but the selec-
‘tor delay relay SD, being slow to release, has not
yet dropped. Hence, the temporary ground con-
- nection extends 1from

grouynd at armature

18
contact SPT—H,

SPT—A4, through armature

- 8SD—11, contact SD-—16, contact SM'T-—b, arma-
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ture SMT—5 and the front sleeve lead. Opera-
tion of relay SMT de-energizes relays SC and SD
by the opening of circuits at armature SMT—1 |
and SMT—8, and armature SC—I, respectively.
Complete release of relay SD, after a time delay,
removes the temporarily grounded sleeve af ar-
mature SD—I7, opens the tone start lead BRS at
contact SD-—8, and opens the peg count lead.

Connector

The calling relay CC is a two-winding relay
connected across the tip and ring leads, T and R,
respectively. Therefore, as soon as these leads
are cuf through to the connector, relay CC 1s
energized. Operation of relay CC establishes
master ground from a circuit extending from
local ground at armature CPT—I, through con-
tact CPT—2, armature CC—1 and contact CC—2.
Energization of relay CC also results in the ener-
cizgation of delay relay CD. The complete ener-
cizing circuit extends from battery, through the
winding of relay CD, contact CC—9%, armature
CC—3, contact CPT—2, and armature CPT—I
to ground. Relay CD is also connected to master
eround through armature CC—I and contact
CC—2, armature CC—3 and contact CC—5. Op-
eration of relay CD provides a second path for
masteér ground in shunt with armature CC—I
and contact CC—2, through armature CD—I and
contact CD—3, which will not be affected by sub-
sequent pulsing. | - o

The connector X-delay relay CXD is energized
from master ground over a circuit extending irom
the X oif-normal armature CXon—3 and contact

- OXon—~=& through the lower winding of relay

40

CXD to battery. An energizing circuit for the
connector Y delay relay CYD is completed from
master ground through the Y off-normal arma-
ture CYon—3 and contact CYon—4 and the lower
winding of CYD {o battery. |
Energization of relay CD also closes the pickup
lead OPU (Figs. 6 and 7) to the winding of the
permanent time relay CPT to enable reception of
pulses from the common timing equipment (see

Fig. 7). The last-mentioned circuit extends from

lead OPU through armature CPT-—S3§, contact
CPT-—6, contact CA—9 and armature CA—I10 of
the connector answering relay CA, contact
CD—18, armature CD—8, and winding of relay

' CPT to battery. Any pulses of ground received

=t
1
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over the pickup lead are €l
lay CPT. |

The tone start lead BRS is also grounded by
the operation of relay CD, the circuit extending
from ground at armature CD—4 by way of con-

fective to energize re-

tact CD—5, armature CRT—b6 and contact
CRT—2 of ring through relay CRT to the lead

BE.S which results in the energization of any com-
mon equipment. Referring to Fig. 14, the appear~
ance of ground on the BRS lead causes the oflice
ringine and tone start equipment to be placed
into operation as will be described later.

The second, third and fourth digits of the

" number being called may now be recorded.
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Second digit.—Dialing of the second digit
causes pulsing of relay CC. Pulsing ground 1S fed
to the X magnet CX as follows: battery, overflow
contacts COF—I, magnet CX, upper winding of
relay CXD, contact CXD—3, armature CXD—3,

. contact CON—{9 and armature CON—9 of the

. connector o
- and armature CSD—I4 of relay CSD, contact

k.
|

.normal relay CON, contact CSD—I b




- ground. The subsequent release

= 19 . -

CD—S8, armature CD--8, contact CC—4, arma-
~ ture CC—38, armature CD—1{ and contact CD—3
. to master ground. The high resistance or lower
winding of relay CXD is de-energized after tho
first step in the X direction because of the open-
~ing of the off-normal armature CXon—3, and
contact CXon—~4, but relay CXD remains held
up during the dialing of the second digit because

L

' i.2,5-67,65-0_- :
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hand telmma,l of the lower relay wmdmg, as

- Viewed in Fig. 9, extends to ground through g cir-
cuit including contact CBT—8, armature CBT—3,

contact CRT—I19, armature CRT—IB with arma-

ture CSD-——17 and contact CSD—I18 in shuntj_

o therewlth contect CD—12 and armature ¢CD—1{1.

- of the passage of dialing pulses through the upper

or low resistance winding. This follows because
- of the slow release characteristics of the relay.

releases..

Third digit.—In erder te cause the eonnectm
switch to step in the Y direction, the next digit
is fed to the Y magnet CY over a path prepared

10

- A predetermined time after the passage of the
- last pulse of the ceeond dlglt however relay CXD o

by the release of CXD following termination of

the second digit. One side of the magnet wind-

ing CY extends to battery through the overflow -
The other side of magnet coil
CY extends to ground through the low resistance
- or upper winding of relay CYD, contact CYD—4,
armature CYD—3, contact CXD—4, armature
CXD—3, contact CON-——{8, armature CON—8,
. contact CSD—I16, armature CSD—I4, contact

- CD—8, armature CD—58, contact CC—d arma- -

| switch COF—I.

ture CC—3 contact CPT—Z and armature CPT-—
{. Armature CC—3 is also connected to master
ground through armature CD—{ and contact

CD—3. The high resistance or lower winding of
- relay CYD is de-energized immediately after the

20

The other side of the lower winding of relay CCT
extends to battery through contact CYD—I10, ar-

imature CYD-—8, the front sleeve lead, sleeve

bmsﬂ contact or terminal in the sleeve hank,

sleeve lead to the called line circuit, armature

L/L.O—8 and contact L/L.O—9 of the called line
lock-out relay L/LO, and winding of cut-off relay

- L"CO. The cut-off relay L’CO operates in series

15> with the cut through relay CCT. The relay CTT
1s preferably g two- etep relay such as that shown.
and described in a co-pending application of

Andrew W. Vincent, Serial] Number 647,890, filed

February 15, 19486, a,nd assigned to the same as-
signed to the same assignee as the present inven-

“tion and is used to insure complete operation,
even though the initial energization is made
- thr ough the series circuit. The foregmng cireuit -

causes relay CCT to make the first step contact
(armature CCT—I1 gnd contact CCT—2) which

- completes an obvious circuit to master ground
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first sterx in the Y direction because of the open-

ing of the Y off-normal contacts CYon and ar-
mature CYon—3, but is mamtamed in the en- 3

 ergized position by the rassage of stepping cur-
- rent representing dial pulses through the low re-
sistance upper winding. After a

pulse of the third digit, relay CYD relegses.

. there is insu

a predetermined .
delay interval following the reeeptmn of the last

for the high resistance (upper In this example)

winding of relay CCT to fully operate the relay.

Full opel ation of relay CCT closes armature
CCT—4 and contact CCT-—3 and alse armature
CCT—8 and contact CCT—25, in the tip and ring
leads, respectively. It should be noted that if two
connectors test the same line simultaneously,

through relay CCT.
Fourth digit —Althetlgh the busy test &nd cut
through operation is usually completed by the

‘time the fourth digit starts, the recording of

. this digit is independent thereof and may take

- Busy test.—During stepping in the Y dir eetmn o
-~ of the connector switch CSw, the upper winding

of busy test relay CBT is applied to the sleeve
~brush by means of a circuit extending from bat-~

tery through the upper winding of relay CBT to &
ground by means of contact CYD—35, and contact

CYD—T to the front sleeve lead S. Relay CBT ;

..I.L_...’

place simultaneously. A connection is prepared
for recordmg the fourth digit by means of the
relay CSD, which operates upon the release of

“relay CYD. The circuit extends from battery

at one terminal of the winding of relay CSD

through the relay coil, armature CRT-—I1I, con-
tact CRT — (8, armature CYD —2,

- CYD-—I, contact CON—5, armature CON—-4 and

therefore, operated each time the sleeve brush

passes over g grounded uermmal in the sleeve
_bank of switch CSw. | -

. If, on reaching the ealled llne that line is feund
~ to be busy, relay CBT is held operated by sleeve

locks 1e1ay CBT to local ground. t11e circuit ex-

tending from battery through the upper winding 3
of relay CBT, contact CYD—S8, armature CYD—5

eentact' |

contact CBT—IG,

armature - 3T—3,

of relay YD

- CRT—I9 and armature CRT-—18 of ring through =
- relay CRT, and armature CSD—I7 and contact

- CSD—I8 in parallel therewith, contact CD—12
and armature CD—I{1{ to ground.
routed to the ring lead R from the office busy
tone and flash lead OBTEF over g circuit extend-
1ng through armature CBT—{{, contact CBT—12,

- armature CTH—] and centact CTH-—2 of the'
trunk hunt relay CTH, contact COT—I | and ar-

Busy tone is

the Y eff -normal contact CYon—5 and armature

- CYon—3 to master ground. Forward tip and
" ring leads, T and R, are transferred from the

T and R brushes of minor switch CS at 2Yma,-

tures CSD—9 and CSD—I2, respectively, to the'
“back T and R conductors, thus establishing a

metallic path between calling and called lines

and completing an obvious circuit to _energl.ze o
the answering relay CA upon answer by the called
subscriber since it is connected across the T and

R leads or conductors.

50 vides  supervision  to a, calling toll operator on

‘The foregomg means pro-

delayed toll ringing. This last-mentioned cir-

cuit furmshes talking current and a signal to

the operator in the event that the fourth digit

- is delayed in toll service.

- for ringing the called party including the step-
- ping magnet of the minor switch CS which may

mature CCT-—I10 of the connector cut through

relay CCT to the back portion of rmg 1ead R by

| Wey of conductors 48, 47 and 48.

. Cut through —ITf the selected line is not bmy,
- relay CBT is released and unoperated at the time
relay CYD releases fellowmg cessation of the im-

The .
front sleeve lead is transferred to the lower or

- pulses corresponding to the third digit.

low resistance Wlndlng ef relay CCT. The left=

Operation of relay CSD also eompletes a path

be of the rotary type. A circuit for the stepping
magnet CSa extends from battery through wind~
ings CSa, contact CSD—i15, armature CSD—I &,

- contact CD—8, armature CD—§, contact CC—~4 '

and armature CC—3, armature CD—1{ and con-

tact CD—3 to master ground. 'The off-normal

- contacts CS—I1 . of minor switch CS are closed

: -_:t'ollowmg the ﬁlst step eorrespendmg to the ﬁrst |

Helent current to Operate the cut

contact '
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pulse of the fourth digit to complete an obvi-
ous circuit for energizing the off-normal repeat-
ing relay CON. Operation of relay CON trans-
fers the winding of relay CSD from master ground
through armature CON-—#4 to master ground

-t

through contact CON--3, contact CSD—1b, ar-

mature CSD-— 14, contact CD —8, armature
CD—6, contact CC—...-4, armature CC—3, arma-
ture CD—I{ and contact CD-—3. Since armature
CC—3 connects contact CC—4 to masier ground
at each pulse of the digit being transmitted
and since relay CSD has slow release character-
istics, relay CSD is held operated by the puls-
ing eround. The minor switch CS steps or

advances to the terminal corresponding to the -

party desired on the chosen line, as determined
by the fourth digit, and in that position com-
pletes a connection to an office generator of pre-
determined ringing frequency (office generator
No. 1 with the connectons shown in Fig. 9 if
switeh CSa moves five steps). Only one genera-
tor connection is shown. The others may be

10
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the same except that different frequencies are

preferably employed. Relay CSD releases al
the end of the digit and returns outgoing tip and
ring leads T and R to the minor switch by re-
engagement of armatures CSD—9 and CSD—12
with contacts CSD—I0 and CSD—I3, respec-
tively. A ringing circuit is now completed from
the front tip conductor through armature
CC'T—14, contact CCT—3, armature CSD—38, con-
tact CSD—18, armature CRT—I3, contact CRT—
(4, brush and contact of section T of swiich
CS to the selected office generator. The cir-
cuit from forward ring lead R extends through
armature CCT — 6, contact CCT — B, armature
CSD—I12, contact CSD-—-I3 armature CRT—I6,
contact CRT—11, brush and contact of section
R of switch CS, and the lower winding of re-
lay CRT to ground.

Ringing trip —-The lower winding of relay CRT
denser 15 of sufficient capacity to present rela-
twely small impedance to the alternating cur-
rent of the ringing frequency. Since the called
line is open as far as a direct current path is
concerned, relay CRT does not operate during
ringing but upon lifting of the receiver at the
called station, a metallic connection between the
ring and tip leads is completed. As a result,
the superimposed battery 17 in the ringing cir-

cuit sends current on a loop basis through the
transmitter at the called end and relay CRT 1s

energized through its lower winding. Relay CRT

is preferably a two-step relay, and at the first 3%

step completes a circuit to energize the upper
- winding from master ground through contact

CRT—3 and armature CRT—I{. When {fully
energized, the circuit including the ringing gen-
erator is broken or tripped and a complete me-

tallic talking circuit is completed by the move-=

ment of armatures CRT—I3 and CRT—I|6 from
engagement with contacts CRT—14 and CRT—
i1 into engagement with contacts CRT-—12 and
CRT—I15, respectively. The complete metal-
lic c1rcu1t. energizes answering relay CA, which
operates to reverse the tip and ring leads for
reasons well understood by those gkilled in the
art but not discussed herein.

The minor stepping switch CS is now. re-
leased by a self-interrupting circuit, including
battery, the release winding CSb, contacts CS—2,
contact CRT-—5, armature CRT—4, contact
- CBT—2 and armature CBT—I fo ground.

o
et I
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3D

- 4()

4'.:: 1]

GO

contact CD—I2 and armature CD—I I,
the front lead is connected to the same ground -
source abt armature CCT—T by engagement be-

are broken by the operation of the cut-off

Reference to the lower portion of &

tion and to
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Both front and back sleeve leads are grounded
by the engagement between armature CCT-—1
and contact CCT—8. Back sleeve is connected
directly to armature CCT—1 and to ground
through contact CSD-—18, armature CSD—IT,
whereas

tween armature CCT—1T and contact CCT—S8.
Upon receipt of ground at the called line over
the front sleeve connections, the cut-off and
lock-out relays L/CO and L/’LO are operated as
previously described for the calling line, and the
tip and ring connections to the line relay 1.1,
relay
1.'CO to prevent the operation of the allotter and
a line finder-selector link When the called line
answers.

There is 111ustrated in Figs. 9 and 10 a divided
ringing circuit. Thus, ihe lower high resistance
winding of ring trip relay CRT is connected 1o
the ringing generator ground and the coil as
previously explained is shunted by resistaiice and
capacitance to permit passage of the alternating
ringing current without opemtmg the relay.
. 9 indicates
that ofice generators of different -f-requency are
connected to the first Sve contacts of the T sec-
‘he last five contaets of the B section
of switeh CS. The second five confacts of the I
section and the first five confacts of the R section
are all connected together so that if the switch
stands on any one of the first five positions, &
circuit extends from the R brush of switch CS
through contact CRT—I7, armature CRT—IE,
contact CSD—13, armature CSD—I(2, contact
CCT—35, armature CCT—S8, ring brush R, R bank,

called subscriber’s loop, T bank, T brush, arma-
ture CCT—4, contact CCT-—3, armature CSD—F4,

contact CSD—I10, armature CRT—I3, contact
CRT—I14. brush and contact of section T of swiich
C8, winding of the transformer 76 which is ener-
cized by the office generator and super imposed
battervy 11 to ground. With this arr angement,
ringing of twe parties can be accomplished tor
each frequency. When the switch €S 1s.cn one of

the first Gve positions, the bells cannected to the U

lead ring according to freguency, and in positions
5§ to 10, inclusive, the bells connected to the R
lead ring according to frequency. If loop ring-

ing is desired, the subscriber’s loop circuit may

Le revised, as shown in Fig. 3, to connect the con-
denser and bell between tip and ring leads instead
of between one of these leads and ground wherepy

only one party can be rung for each rirequency

and the connections for contacts 6 to-10 of the
switeh sections T and R of switch CS may be
omitted. If divided ringing is employed, as shown
in solid lines in Fig. 10, relay CRT is connected 10
the called loop only during ringing on the side
to which relay CRT is connected and the resistor

18 and capacitor 78 may be omitted since an A. C.

path is not required around relay CR'T.

In order to return ringing tone to the callmg
subscriber, there are provided condensers 88 a1icl
19 connected in series between the T and R
brushes of minor switech CS. 'Fhe common con-
nection hetween condensers 88 and 89 is con-

neeted to the back ring lead by means of a circuit

extending through contact CRT—2I, armature
CRT—22, condenser 83, contact CCT—9, arma-
ture CCT-—10, and conductors 46, &1 and 48.

- gome of the ringing frequency is thus by-passed

to the back ring lead by condenser 88 or con-

-~ denser 89 depending upon whether the line being
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ea,lled is connected to the tlp srde or to the rmg

- side of the. celled lme

Release of call

When the cellmg party hangs up,.the ‘short

circuit connection across the tip and ring leads
~1s removed which results in the de- enelglzatlen
- of relay CC if the called perty hanging up, or

calling relay CC if the calling party hangs up,

which causes de-energization of relay CD at con-

tacts CC—5 and armature CD—3, removal of
master ground at armature CC—I end contacts

24

: 1eturned ‘the ealhng party hangs up until 1t 1S '

10

CC—2, and restoration of all equlpme:_nt to a con- -

dition of readiness for the next call.

The connector step-by step switch CSw is re- 1
- turned to normal by the operation of the release

‘magnet CZ, following de-energization of relay CD,
-~ through a circuit including battery, the winding

of magnet CZ, the Y off -normal armature CYon—1I

- and contacts CYon—2 in shunt with the X off-

normal armature CXon—I{ and contact CXon—-2 |

contact CD—1, armature CD—86, contact CC—A4,

in Figs. 15 and 16 1s described first.

‘believed that the called party has had time eneugh

to answer the call. He then again removes his
receiver. In this arrangement, ringing 1,-;, cerned'
out only at the called station. |

First method.—The reverting call cir cuit shown

shown connections providing 10- party, harmonic,

 full selective, revertive call ringing. The progress |
of a call is the same as that deser ibed for a call

- 1o a subscriber on another line up to the point
where the selector step-bhy- -step switch SSw Op-

erates. The tip, ring, and sleeve connections from

“the connector are not connected into the bank

of switch SSw. Instead,: ring, tip and sleeve leads
from the reverting call ecircuit are connected into

- a . revertive call level of switch SSw so that the

20

selector is cut through to the revertive call circuit

‘instead of to a connector and hence is operated

as soon as ithe selector step switch $Sw cuts -

- through to energize revertive calling relay RC in-

armature CC—3, contact CPI——-Z and armature
CPT—! to ground, ‘Eenergization of magnet CZ

causes withdrawal of the holding pawls of the

switch and the return springs become effective to
return the switch to its normal position in both
In order to insure return
- of the switch to normal before an attempt is made

~ to switch another call, a locking circuit is provided

X and Y directions.

for magnet CZ through its contacts CZ—1 and the

29

. the same manner as cellmg reley CC in e stralght
through call, |

‘Operation of 1eley RC causes the energrzatmn

of the first selector delav relay RISD over a cir- '

- cuit extending from battery throusgh the lower :

winding of Ri{SD, off-normal switch RiSon—2,
contact RC—3 and armature RC—2 to ground.

- The operation of relay RC also results in the

30
"R2SD over g circuit extending from battery
‘through the lower or high resistance wmdmg of

X and Y off-normal contacts. The locking cir-

cuit is broken when the switch reaches its normal
position because the o
locking circuit.

.‘-normal switehes OpEIl the -
39

~over ground supplied from the permanent timing

In the selector, removal of greund from the -

energizing and locking circuit for the selector re-
lease relay SZ, similar to that provided in the

- front sleeve lead due to the above-described re-
lease of relay CD releases magnet SMT. An

40

connector, is utilized to return the selector step-

by-step switchh CCw to its normal position.

With.-respect __ 10 the ﬁnder, de“ener'gizetien' of '.
relay SMT grounds the release lead Z extending

between the selector and the finder, the circuit

- through contact SMT-—I, armature SD—i8, con-

i connected to one terminal of the winding of
finder release magnet FZ through X and Y off-
normal contacts connected in shunt. - The other

- slde of the winding of magnet FZ is connected di-

RPT—5.

energization of the second selector delay relay "

relay R2SD, off-normal switch R2So7n—2, con-
tact RC—3 and armature RC—2 to ground.
Revertive calling delay relay RD is energized

relay RPT over a circuit extending from battery
through the Wlndlng of relay RD, contact
R2SD—4§, armature R2SD—5, contact RC—5,
armature RC—4, contact RPT——& and armature -
A locking circuit is provided for reiay

" RD to the same ground through armatule ‘?D——El

4H

extending from ground at ermeture SMT—2

and contact RD—38. -
Second digit.—The system is now &1} epaled for

the transmlttal of the second digit of the number -

being called (the first digit having been a Special

_ _ ~ digit such as “9” utilized to cut through to the
tact SD—8 to the Z lead. The grounded Z lead

50

rectly to battery. No locking scheme is provided

to keep magnet FZ energized until the switch
- reaches home, because the link idle lead LI is

maintained epen at armature FZ—I as leng es_

magnet FZ 1s energlzed

Revertwe callmg |

There are lllustrated in the drawmgs twe
methods of providing revertive call service.

9, for example, and then dials digits representing
the called and calling stations.

Ac-
-~ cording to one method shown in Figs. 15 and 16,
- the calling party dials a special number, such as

Both bells ring

55
- R28SD—I,

60

revertive call level). The ealling relay RC re-

- sponds. to the dial impulses and steps the first
Irequency selecting switch R{S, which in the illus-
trated form of this invention is a rotary type
- switeh,
~through the rotary magnet winding RiSe, the up-~
per or low resistance winding of relay RISD, con~

over g circuit extending from battery _'

tact RISD—3,

armature RISD—2,
ermature R2SD——2,

contact

I-normal. contacts
RISon operate on the first step of switech RIS to

break the oper atlng circuit for relay RISD at off-
normal R{Son—2.  However, the dial pulses pass-

-ing through the upper or low resistance winding
of RISD maintain the latter operated during the

- pulsing time corresponding to the second digit.

635

alternately. When this arrangement is used, the

circuit elements encleosed within the rectangle E

- of Fig. 7 are omitted and wiring “Y” is used.
The second type or method omits the elements -.

| 111ustrated in Pigs, 15 and 16, and uses the com-

At the end of the second digit, relay RISD re-

leases to prepareé a pulsing path for the second

- frequency selective switch R2S over g circuit from |
- battery through the rotary magnet winding R28a,
- the upper or low resistance winding of relay

10

ponents shown within the rectangle E of Fig. 7. .

In this case, wiring “X” is used. In accordance
with the second method, the calling party dials
the regular directory number of the called party.

~After dialing is completed and the busy tone is

R2SD, contact RISD—I, armature RISD—2,
eentaet R2SD—I, ermeture R2SD—2, contact
RD—1, armaure RD—E, eontaet RC—I, 'and

Car mature RC-—.2 te gr ound

5

Third digit ——Recelpt of the third aigit eeuses
sw1teh RZS t0 step in a manner snmlar to that |

There are

contact RD—T,
| _armature RD—6, contact RC——-—! and armatme',..
- RC—2 to gmund "The of
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explained in ‘connection with the operation of
smtoh RIS under the control of relay RC. AS
soon as R2S tokes its first step, off- normal con-
tacts R2Son—2 are opened to interrupt the op-
erating circuit of relay R2SD, but the pulsiing cur-
rent thr ough the holdlng winding of relay R2SD
prevents releose of thet relay unt11 the end of
the digit.

~As soon as R2SD releases, relay Ri{SD reop-
erotes over a clroult extending from battery
through the lower or hlgh resistance tvlndrng of

10

R{SD, urmuture RD—I§, contact RD—I1, arma-

ture R2 SD—-—B oontaot R2SD—-1 contact RIS D-—-—o,
armature RISD—4, contact RC—~5 ormuture
RC—1, oontaot RPT-—4 and ormoture RPT—-o to
ground Reluy RISD is looked 1ip over a Cir oult
extending from the lower . coll thereof through
armature RD—-—-IB contact RD-—-II ‘armature
RZSD-—-—B oontaot R2SD—1, oonte,ct RISD—-S

contact RISD—E, contaﬁt RD—3 and armoture_

RD—2 to ground and prepares a holding path for
r1ng trip relay RRT at armature RISD—I{0.

After eompletron of the third digit, the calling
party hongs up. Relay RC is de-enelgrzed by
the opening of the calling loop. The ringing re-
lay RR then operetes OVEer a olroult extendmg
from bottery af one terminal of the coil of relo,y
RR to ground through armeture RISD-—B con-
tact RISD—T, contact R28D—-——-3 arrna,ture
RZSD-—Z oontoot RD—1T, armoture
taot RC——I and urmature RC——E Opere,tlon of
-1e1uy RR molnte,lns reloy RD operoted over &
o1rou1t extenchng from battery, throuﬂ‘h the wind-
ing of relay RD, e,rmature RD—9, oontoot RD—8,
contact RR—-—I2 ormature' RR—Iii, contact
RRT—T arme,ture RRT-——B oontuot RPT——-d ond
armature RPT—5 to ground. Upon oper otron of
relay RR, circuits are also prenered for ooerourng
the smtchlnﬂ' rela,ys RISW und RZSW st arma-
tures RR—-——3 and RR--—--I respeotlvely, ond the tlp
and 11ng leods e,le cuu through at ormotul e3
RR-——B ond RR—-B resoeot.wely

The smtohlng relays are opereted alterne,tely
by means of pulses from a common timing cir-
oult (not shown) Pulses of ground oppea,r on
the ground leade 18 ond 19 (see lower portlon of
Fig. 15) Ground lead 18 energizes sw1toh1ng
relay RISW through armature RR—-—3 and con-
tact RR—-d Smtohlng relay R2SW is oper ated
by pulses over the seoond ground leod 19 through
armoture RR—I ond oontoet RR-—z |

anglng voltuge is fed alternately from brushes
of the frequency seleotor SW1tohes to the line.
In one case, the cir cuit extends from the selected
generotm source, eontuot ond brush of section 81T
of the selector switch RIS, contact RISW—-—-&
armature RISW—'.S contact RR——il ormatule
PR——~9 ('ontact RRT-—4, ‘armature’ RRT-—3 R
lead to the line o1rcu1t subscriber’s loop, T lead,
armeture RRT-—1, contact RRT—2, armature
RR-—G contact RR—-——'! grmature RISW-——Z con-
tact RISW—-—I brish and’ contact of section 86 of
selector switeh’ RIS condenser 80, shunting the
lower Wmdmg of rela,y RRT to generator ground

lead a1,

16

20

25

30

35 !

40

50

65

60
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Alternate ringing is carried out over a cireuit

extending from the other seleeted generator con-
tact and brush of section 84 of selector sw1tch
R28S, contact R2SW—I, o,lmature stw--z CON-
tact RISW—3, armuture RISW——-2 line olroult

70

including tip ond ring leads and subscriber’s loop, '

armature RiSW—5, contact RISW——B armature
R2SW—S5, contact R2 SW—4, ‘brush and contact
- of sectlon 85 of selector switch R28, and oondenser
BIJ shuntmg the 0011 of relay RRT to the generetor
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eround lead 91. Inasmuch as the contacts of the
switching relays are interlocked, it is seen that
the two ringing frequenoles are apphed to the 11ne
alternately. |
When either party involved in the call lifts
his receiver and completes a connection between
tip and ring leads, direct current flows through
the operating winding of ring trip relay RRT to
operate it.. When both SWItChlIlD‘ relays are re-
leased, resistance battery is supplied to the line
at  ‘contact R2SW—6, the circuit extendmg
through armature RZSW—5, contact RISW—6,
armature RISW-—35, ring lead, subscriber’s 100D,
tip lead, armature RISW-—2, contact RISW—3,
armature RZSW--—-—2 contact R2ZSW—3, lower
winding of relay RRT to the generator ground
lead 9f. Relay RRT locks to ground through its
upper windirig, the circuit comprising battery,
upper winding of relay RRT, contact RRT—I{,

armature RRT—I10, contact RISD—{ | and arma-

ture RISD—I{8 to ground. The tip, ring end'
sleeve leads are opened at contacis RRT—--2
RRT-—4A&, and RRT-—8§, respectively. The line
circuit is locked out because the removal of sleeve
ground therefrom de-energizes lock-~out relay LL.O
and release cut-off relay LCO. The release of the
cut-off relay again completes an energization cir-
cuit for line relay LL. The lock-out relay LLO is
slow to release so that ground over armature
I.I.—3 and contact LL—4&, armature LLO—11 and
contact LL.O—i{9, contoct LCO—T and’ ormatme
1.CO-—6 completes a circuit to re-operate the lock=
out relay LLO:. Therefor, the line start, X-—mork
and H grounds are eliminated, so that the llne
finder and the selector are released. =

When the ring through reluy RRT operates,
holding ground for relay RD is removed at arma—'
ture RRT-—8 and contact RRT—-—-—-—'I Relay RD re-
leases after a time delay The release of" rela:v
RD breaks the energizing circuit for reloy RISD at
armature RD—1 and contaot RD—3. The release
of reley R{SD, which is also slow to release, re-
sults in a de- energlzatlon of r1ng1ng relay RR
at oontaot RaSD-—T and armature RISD---8 and
the energizing circuit for ringing trip relay RRT
is “broken at oontaot RISDWII and armature
RISD—I0.

“When the delay relay RD operates upon selzure
a path is prepared over which pulses of ground
received over fthe pickup lead OPU may be uti=
lized to operate the permanent timing relay RPT.
The circuit comprises lead OPU, armature RD—I16,
contact RD—I7, armature RPT—2, contact

RPT—3, and winding of relay RPT to battery.

Relay RPT locks up to ground through contact
RPT-—3, contact RPT—I contact RIEJ—3 and
armature RD—I. The ground which operates
and holds relay RD is then tr ansferred to ground

supplied by the common timing equlpment over

the hold lead OH, the circuit extending through
contact RPT—§,; contact RPT—4, - armature
RC—4, contact RC-—-—-5 contact RD—8, armature
RD-—S and winding of relay RD to battery.-
~If the ringing circuit IS not tripped before the
time allotted by the common timing equlpment
has expired, holding ground over lead OH is re~
moved to release relay RD. When relay RD re-
leases, sleeve ground is removed at contact RD—12
so that the line is locked out ond the line and
trunk are dismissed.
It is desirable to provide means for drstmgulsh—
ing between‘hangup by the calling subscriber be-

fore completion of the third digit and actual dial-

ing of the third digit. In other words, it 1s de-

75 s1red 1o provide meone to prevent puttmg through



. CD—I1
CRT—I8, contact CRT—I19, contact CRC—9, con-
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a falsn call a,fter the callmg party term mates the
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calling operation by replacing his receiver on the
hook switch  before completlon of the. dlalmg -

_ bperation.
- - It will be recalled that the levertwe callmg re-
lay RC and means including a first delay relay

RISD and step switch RS are utilized to 1dentify

- the calling party in response to a group of dialed
- pulses (actually the second digit dialed because

the first digit causes seizure of the revertive call-

ing circuit) and the calling relay cooperates with
means including the second delay relay R2SD and

the step switch R2S to identify the called party

on another group of dialed pulses (the third digit).
Now, if the ealling party hangs up before com-

pletion of the third digit, operation of the hook

- switch simulates dialing of the numeral 1, because
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| callmg line is chosen relay CSL operates on. hold- .

ing current being fed to the preceding selectors
and line circuit relays, but if the callmg line is

. chosen, holding current is furnished by the fr ony

- sleeve and relay CSL is shunted over a path ex=

tending between the connector and - finder
multlples i. e., ground is found on both fr ont and
‘back sleeves, the former through contact CRD—12,

- armature CRD—I13 and contacts CRC—I0 and

10
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opening of the hook switch contacts causes the
- release of calling relay RC, Wthh in furn causes

switch R2S to take one step.

If hang-up occurs
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during the return to normal of the dial following

‘dialing of the third digit, switch R2S is moved one
addltlonal step. Similarly, if hang-up precedes
the third digit, the switch may move one step.

It will be recalled that normally, delay relay
'RISD is reoperated at the end of the third digit

CRC—38, and the latter

locks up

by direct connection.
Hence, relay CSL operates on a. normal call but
not on a reverting call. Once operated, relay CSL
to. master ground thl ough
CSL—5 and armature CSL—=6, | |

The challenge of the busy test is concluded by

‘the operation of reverting delay relay CRD which
~ is slow to operate.

lay CRD extends from battery through the wind-

‘The energizing circuit for re-

ing of relay CRD, contact CRD—I0, armature
CRD—I1, contact CRC-—B and armature CRC—1
to master ground. The orlgmal path for the tip

and ring leads, T and R, is broken at armatures
CRD—If and CRD—3, respectively, but an alter-

- nate path is estabhshed at armature CRC—I and
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and relay RZSD is released to prepare a holding

circuit for ring trip relay RRT. Relay RISD

' ~ locks up after re-energization. Thereafter, when
the calling party hangs up, relay RC is de-ener-.

gized, ring relay RR is then energized to main-

tain relay RD energized or operated and the
switching relays RISW and RZSW operate alter-

nately to ring both parties. When either party
1ifts his receiver, ring trip relay RRT is energized
and locks to ground through relay R! SD o
In order to prevent the establishment of ring-
1ng and talking circuits on hang-up before com-

contact CRC—2, and armature CRC—3 and con-

tact CRC—4 of relay CRC, respectively.
As explained previously, on revertive calis, lelay

CSL remains unoperated. After the thlrd con-

- 'nector digit of the calied number is completed,
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relay CSD releases and establishes a new path for "

~the energization of relay CRC, the circuit there-

3b

- for extending from battery through the winding
- of relay CRC, armature CTH—3, contact CTH—4, .

armature CB’I’—-M cnntact CBT—13, almatule

CC—6, contact CC—1, contact CON—$§, arma-
ture CON—1,

armature CSD—-—-'.i and contact

- CSDh-—56 to ground

pletmn of the third digit, meansis provided to pre- =

vent the re-energization of delay relay RIiSD.

‘Thus, if the digit “1,” for example, or some other
digit, is dialed, relay RC is energized as scon as
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the last pulse is transmitted whereby delay relay

RD is kept operated to maintain a circuit for the

re-energization of relay RISD at armature

- RD—1§ and contftact RD—II,
party hangs up before completwn of the third

~ digit, relay RC remains de-energized and shortly
o thereafter slow-io-release relay RD releases and
- opens - the energlzatlon cu:'cult for relay RISD_

at armature 10.

but if - the calling
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'--_contact CBT———I2 armature  CTH—I,
CTH--2, contact CCT-—I1,

Relay CON, prevmusly operated completes a

- circuit for Impressing busy tone on the ring lead,

the circuit extending from the busy tone and flash
lead OBTF (Fig. 8) through armature CBT—I1,

almatme CCTI—ig,
contact CON—2, almatule CON—-1, contact

CSD—2, contact CSD—-—I and conductols 47 and

48 to the ring lead R. Upon opening of the

'_'contacts at the hoc}k-—smtch upon hang up at the
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Second method. —If dlrectmy number revertive |
. opened upon the release of relay CC but a new

call service is .provided, the circuits shown in

Figs. 15 and 16 are omitted and the circuit ele-

~ ments included within the rectangle E of Fig. 7
are provided and wiring “D,” “W,” and “X” is

used.

~ that wiring “C” is used in Flg 8 1. e, tr unk hunt-
ing is provided.

When the called Ime 1S found t0 he busy, the.

- revertive call relay CRC is energized, the circuit

. extending from battery through the winding of

relay CRC, armature CTH-—3, contact CTH—A4,
‘armature CBT-—14, contact CBT—I3, contact

- CSD—1, contact CSD—6 to ground. It is noted
at. this point that relay CRC does not operate

if the busy line is the first of a trunk group in

- WwWhieh case relay CTH is energized and the fore-
- goling circuit is broken at contact CTH—4. |

‘Operation of relay CRC grounds front sleeve,
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- calling station, relay CC releases and opens the

last estabhshed path for relay CRC, which drops
out and 0pens the ‘back tip and ring connectlons
at armatures CRC—i and CRC—3, respectively.
The original energizing path for relay CD is-

 energizing path for relay CD is provided from

battery through the winding of relay CD, con-

- tacts CSL—4, armature CSL—3, contact CRD—14,

In the following. description it is assumed
- ture CRT—I to master sround.
- ground is established by the closure of contacts- |
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armature CRD—I15, contact CRT—2 and arma- '
Since master

on relay CC and relay CD, the connection is now
locked up even though the tip and ring  leads

- are not closed. The release of relay CRC also
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completes a path for the operation of cut- -through

relay CCT through its upper Wmdmg over a

circuit extending from battery through the up-

- per winding of relay CCT, contact CSL—17, arma-
- ture CSL—8, contact CRD—1, armature CRD—-B '.

- contact CRC—6a and armature
~ master ground. The operation of CCT extends

the circuit extending from ground at armature

through contact CD—12, " armature

CRC—17 to

the front tip and ring leads to the ringing net-

-work of the connector at armatures CCT——4 and :

- CCT—8, respectively.

- tact CRC—10, armature CRD-—I3 and contact
'CRD-—I 2 to the front sleeve lead If any but the 75

‘When the called party ansSwers, or the callmg_

party again lifts his receiver, i. e., when an off-

hook cond1t10n again occurs after rmgmg CoIn -

contact'

contact
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mences, relay CRT is energized as it is during a
normal call. Front tip and ring connections are

transferred to the answering relay CA until lock-

out is established. Operation of CRT opens the
second operating path for relay CD at contacts
CRT—2 and armature CRT—I(. After a time
delay, relay CD releases to complete a circuit to
the connector release magnet CZ. One side of
the winding of magnet CZ (lower terminal as
viewed in Fiz. &) is connected directly to battery
while the other side of the winding of magnet CZ
is connected to ground through the parallel =
and Y off~-normal switches, contact CD—1, arma-
ture CD—=§, contact CC—4, armature CC—3, con-

tact CPT—2 and armature CPT—I to. oround. .

Release of relay CD also removes the sleeve ground
ot contact CD—I1{ and armature CD—Ii2, thereby
dropping the preceding selectors and locking up
the line.

" In Fig. 18, there is shown a modification of the
second revertive calling circuit according to which
o separate relay is used for cut through of revert-
ing calls. Circuit connecticns for the CONNECHOYS
are generally the same except for the addition ot
relay CRCT. The dotted lines 53 and 60 indicate
the connections of the first-described system and
are used if relay CRCT is omitted. When the
calling party hangs up after receiving the busy
‘signal, relay CRC releases as previcusly described,
and completes a circuit for energizing revertive
call cut-through relay CRCT from master oround
through armature CRC—1, contact CRC—E,
armature CRD—8, contact CRD-—1, armature
CSL—8, contact CSL—1, and relay winding CRCY
to battery.
rupts the busy tone circuit at armature CRCT—5
and cuts through tip and ring leads T and IR at
armatures CRCT—{ angd CRCT—3. RInging
then proceeds as previously described and when
the call is answerea, relay CR'T picks up to com-
plete the ftalking circuit. | |

If trunk hunting is not utilized, wiring “D” IS
used and rectangle “TF” is omitted, but the copera-~
tion of the revertive call circuit remain the same.

SEECIM.; CONDITIONS AND FEATURRES
Line circuit

All links busy—When all of the finder-selector
circuits provided for servicing a given number of
lines are busy, there is, of course, no line iinder-
selector combination available to the calling pariy.
Hence, no sleeve ground is returned to the line
circuit and neither cut-oil nor lock-out relay is
energized. Under this condition, the two all lInks
busy relays ALB and A’LB in the dual allotter are
released and the all links busy tone is fransmitted
to the line ecircuit and tc the calling station. Re-
ferring to Fig. 12, the circuit comprises a grounded
tone source (not shown), the lead marked ALDS
Tone In, armature ALB—I{4, contact ALB-—13,
contact A’LB—I5, armature A’LB—{4 and the
lead marked ALB Tone Out to the line circuit

of Fig. 3. -

" Coin bor tone—~When coin box tone is desired,
there may be provided a tone source superimposed
on the 48-volt D. C. supply as shown in dotied
lines in Fig. 3. Both tone source and direct cur-
rent supplies are connected in series with the
sleeve lead and are paralleled with the cut-off
and lock-out relays. The coin box tone is sent
through the sleeve lead to the trunks to notify
an exchange operator that a coin box user 1s
dialing. For this reason, the signal is impressed
upon trunks extending to the operator rather
than to a connector.

Energization of relay CRCT inver- 4

10
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armature LLO—11,
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Lock-ouf —Lock-out is a situation initiated by
a, load across the tip and ring conductors or the.
elimination of sleeve ground. In order to avoid
nolding indefinitely a finder-selector link because
of a permanent fault on the line, & condition
which causes operation of the line, cut-off and
lock-oul relays as for a call, common tlning
equipment is provided to open the sleeve lead,
allowing the line finder, selector and cut-oil re-
lays 1o release.

Pulses of ground received over
pick-up lead OPU energize relay SPT (Fig. 6)
which transfers sleeve ground at armature
SPT-—4 to hold ground over hold lead OH and
contact SPT—8 and SPT-—5. Thus, when the.
hold lead is opened by timing of the common
timing equipment, back sleeve ground is removed,
and cut-off relay L.CO is de-energized. o
When the cut-off relay LCO releases, a circuit
including the tip and ring leads is agaln com-
pleted by the fault and the line relay LI re-oper-
ates. ‘The lock-out relay LLO, which is slow {0 re-
lease, remains operated during the time the cui-
off relay is releasing and for a further period
sufficient to enable the line relay LL to be re-
cperated through engagement of armatures
1.0O—1 and LCO—3 with contacts LCO—2 and
{30—4a, respectively. S
Re.operation of the line relay LL locks up
lock-out relay LLO to ground over a circuit from
sround ab armature LL—3 through contact LL—4,
contact LLO—I0, contact
L.CO—17, armature LCO-6, winding of relay LLO
to batiery. The line and lock-out relays are now
operated. 'The line start and X-mark leads are
open at contact LLO—5 and the H-mark lead is
open at contact LL.O—I2, thereby preventing the
line circuit from holding a finder-selector combi-
notion. Under lock-out conditions, an alarm
larznp 81 may be energized over a circuil from

. ground to battery including armature LL—I, con-~

" tact LL—2, armature LLO—4, contact LLO—O

Hi

oo
g |

“ tion of Fig. 12 and Fig. 13.
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and alarm lamp 81.
Line finder and allotter

All links busy.—If either all links busy relay
ALB or A’LB releases because of a blown fuse,
the throwing of disable key DK, or because all
links normeally served by that side of the allotter
are busy, the allotting functions are transierred
so that the other side or half of the allotier can
carry the entire load of the line group being served
by the dual allotter. -

Tet it be assumed that the portion of the
allotter shown in Fig. 11 and left-hand portvion
of Fig. 12 is busy, in which case relay ALB 1s de-
energized. Means is provided for transferring
the functions normally performed thereby to the
allotter portion illustrated in the right-hand por-
The relays of the
portion shown in Figs. 12 and 13 are designated
hy the same letters as their counterparts of Fig. 9
axcept that a “prime” mark is applied to the letter
“A” signifying “allotter”.

Upon the release of relay ALB, armature
ALB—5 engages contact ALB-——4 and thereby
connects together the fwo start leads LST and
IST at the armature A'LB—5. The link idie
levels 84 and 65 of selector switeh A'LS are tied
together by the engagement of armature ALB—8
with contact ALB—T, so that all links are avail-
able to the operating side (shown in Figs. 12 and
13). As previously explained, half of the lines
are normally associated with one side of the
allotter and the other half with the other -side.
If all lines are completely multiplied, the line con-



~ direction,

é 567,850

31

" hected to the first level reached by Z) ﬁnder will '_

be seized and a line connected into one of the

‘last levels to be reached by a switeh will some-
tindes get relatively poor service if traffic is heavy.

In order to provide priority for the lines asso-
~ciated with levels 6 to 0, the X mark leads corre-

b

sponding to lines terminating in levels 1 to 5 are

- connected only to the X level of the finder
- switches intended to serve levels 1 to 6 and are

omitted from the X level of the finder switches
intended normally to serve levels 6 to 0. All X

mark leads into levels 6 to 0 are connected. If
- the allotter serving lines terminating in banks 1
to 5 is removed from service, means must be pro-

vided for extending X mark leads into the uncon-
nected levels.

- Ing the finding process.
10

']c
- For this purpose, bank Spllttlng |

relay ABS is provided. Relay ABS is energized _'

- by engagement of armature ALB—1{2 and contact
AL B—If and the X mark leads are. then com-

pletely multipled throughout the X levels :
If the disable key DK ig operated, the energiz-
ing circuit for relay ALB is broken at spring

described above. -

' - DK—3. Reley ALB releases and its functions are
transferred to the cther half of the allotter as
If, after transfer of functmns any link becomes |

idle, the allotting function is transferred back to

the first side because as soon as g link is returned
to normal, the Y off-normal contactis in both se-

lector and finder close to re- energize relay ALB

~the first half of the ellctter If a link becomes

- idle during the period of an allotting action,
. transfer back takes place at the end of that period

of action.
- Normal level trunk callmg —The XY switeh

~is actually a 121-point device, comprising eleven
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levels of eleven points or contacts each. Ther e

is a first level whmh can be reached if the brushes |

are not moved in the X direction.  Sinece it is
possible to have only as many subscriber lines as
~ can be reached by connectors and it is normally
- impossible to send a connector switch only in the

40
 already opposite the normal level.

~that the X o

- and armature AA—4§.
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X merkmn' and causes the ﬁnder sw1tch to hunt ?'
only in the Y direction, i. €., move directly into
the normal level when the allotter is energized
- by a trunk call. Its operation is such as always
to give trunks first choice, although the circuit is
arranged that once a subscriber is being hunted,
the finding operation will be completed even
- though the normal level relay may operate dur-
This feature of moving
only in the Y direction allows the associated se-
lector to discriminate between calls originated by
trunks against those originated by subscribers in
-normal combination remains un-
disturbed on trunk calls and the dlscrlmmatmg |
leads 69 and 70 are cloged.

- The incoming trunks are connected to the nor-

“mal level contacts of the tip, ring, sleeve and

‘hunt banks of the finder switch FSw. The line

- ¢ireuit essccmted with the calling trunk piaces -

- ground, 1, e., positive battery voltege on the trunk

start lead TST (see upper portion of Fig. 12) '

and on the corresponding H terminal in the line
finder bank. If 1eley ASTt has not been operated
‘breviously, a circuit is completed for the normal
~level relay ANL over a circuit including battery,
the winding of relay ANL, ar mature AS{—2, con-
tact ASI—I{, contact ALB-—-S armature ALB—2
“to the grcunded trunk start leed TST. Operation -

of relay ANL grounds the line start lead LST at

‘armature ANL-—T and contact ANL-—®b, in order
to energize relay AS—1t through contact AA—3

The operation of relay
AS—I causes the energization of relay AS—2 and
reley AD) as in the case of normal starting, Relay

~ ANL locks up through its own armature ANL—4
and. ccntect ANL—S to the grcunded trunk start o

- lead.

In thls phese of my mventrcn it is not necec-
‘sary that the ﬁndel switeh be driven in the X
direction, since the switch contact brushes are

for energizing the X magnet FX is broken at

Y direction under the influence of the dial, it is

not practical to set up a system having 110 lines

per-group, and therefcre this first or normal level
usually is not used, the switch stepping in the X
direction before stepping in the Y direction. In

the case of small exchanges, however, having only -
“a few incoming trunks, it has been proposed to

plaee such trunks on line terminals to avoid the
use of incoming selectors.
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contact ANL—| and circuit connections are made
to apply driving greund umnedletely to the Y

magnet of the finder switech FSw. The circuit

- extends from battery in the ﬁnder (Fig. 4)

50

The trunks are, there- -

~ fore, found when energized in exactly the same

manner asg subscriber lines. | _
cording to previous arrangements, has the disad-

~vantage of reducing the number of possible sub--
| system serving five incom--
- ing trunks would be limited to 95 subscriber lines.

- Provision is made in the allotter shown and de-
seribed herein to make use of the normal level

seriber lines. Thus a

of the finder for incoming trunks which do not
appear on connectors and, therefore, are not in-

- fluenced by the inability to reach them by dial-

ing. This is done by the addition of the normal
level relay ANL fto esbabllsh ground at an X-

~brush whenever voltage appears on g trunk start
lead so that the allotter can send the finder in

sSuch a scheme, ac-

}J

through switch FOF—I, magnet FY, the mter-

rupter switch of magnet FY, the Y lead from

the finder to the allotter, the contact and brush
of section 52 of selector switch ALS, armature
" AA—I, contact AA—2, contact ANT—3, armature
- ANL-—2, contact AD---3 armature AD—A4, arma- -

fure Asz__s contact Asz—s contact ASI—-—d and

Carmature ASI——-.:; to ground. The finder switch
‘hunts on a self- ~-interrupting basis until ground
is encountered on the normal level H contact
correspcndmg to the calling trunk. Ground on
the H brush operates the allotter advance relay

- AA to advance selector switch ALS to the next
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the Y direction without movement first in the X

~ direction. Obviously, in the previously described
operatlon, if the finder does not move in the X
could - not become

the X-brush -
‘grounded. Therefore, relay ANL is a substltute
for the X-brush and marking termmal and op-

. erates when a special start lead for frunks is
It not only grounds the start lead -
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energized.
‘upon oper atmg but also simulates a condition of

0

idle link as previously described in connection
with the sequence of operations for a regular call. -
Cut-through to a connector and the party selec-
tion by dialing is ecccmpllshed as pr ewcusly de-
scribed for a normal call. |
It may be desired to restrict certam levels of

- selector switch SSw to local subscriber’s lines but

to make available such levels to trunk calls. Re-
felrmg to Fig. 6, the eighth level is so arranged.
Thus, on a call from a local subscriber, when
switch SSw is stepped to an unrestricted level, a.
circuit for energizing the cut- -through relay SMT 3

is completed as previously described to extend
the T, R, S and H leads. |
cf the winding of relay SMT is connected to.

grcund by way of ccnductcr 40 (see Figs. 5 end 6)

The circuit

Briefly, one terminal
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XX brush and the back sleeve lead. The other
'termlnal of ‘the ‘wihding of relay SMT “is "¢on-
nected to battery through contacts SXon—-—d and
SXon—3, intérrupter of magneét SY, wmdmg Of
relay SH, aiid overflow contacts of SOF.
I—Iowever if the selector smtch SSw ' is stepped
to the eighth level on a call from & subscrlbel ’S
lme, as dlstmgulshed from Q, trunk ¢all, the lead to
the XX bank contact, corresponding to lead 4S,
1s not connected dlrectly to relay SMT but by

10

way of conductor 70, éontact FXon-—6 and arma-

ture FXon—-—-B of - the ‘off-normal sw1tch FXon
and conductor 69, I—Ience the c1rcu1t for enér-
glzmg relay SMT on frunk ealls i held open and
is. Hot’ completed to ground unless the finder
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-suutch FSw’ has remamed in its normal pos1t10n |

_relative ‘to 'its primary d1rect10n of movemient,
i, e., only. when switch TSw has moved into the
_normal level or its’ secondary direction Wlthout

movement in the primary. dlrectlon in response to

4. trunk call.” Referrmg to the line finder circuit,
Flg 4’ since the finder switch has not moved in the
X direction, the X off-normal contacts have not
been ‘operated. Therefore conductors 69 and 10
between the line findér and thé selector Temain

connected together through X off-normal arma- =

ture FXon—5 and contact FXon—6 as shown, to
allow normal level trunks to reach. restricied se-
_lector levels of .the selector step suutch SSw.
Changeoeer —--In Fig. 17 there is ﬂlustrated a
,modlﬂcatlon of the foregoing changeorer c1rcu1t
for. transferring stepplng from the X to the Y
dlrectlon Instead of using a smgle changeover
or: X—stcppmg relay AX in the allotter each
ﬁnder is provided with a, changeover relay FCH
F1g 17 ﬂlustrates in. s1mpl1ﬁed form the line cir-
cu1t of Fig, 3,.the finder c1rcu1t of F1g 4 and the
allotter c1rcu1t of Flgs 11 and 12. Relays, con-
tacts, ang armatures are 1dent1ﬁed by the same

.num..,rals and letters wherever 1dent1ty ez.lsts It ¢
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will be recalled that potentlal on a start lead o

;causes energ1zat1cn of relay. ASI and then Asz

Closure of armature Asz-—-ls Wlth contact
AS2—14 ccmpletes 3 c1rcu1t for the energ1zat1on

of relay FCH. One side of FCH. is grounded. The #

other side extends to battery through lead XB,
contact and brush of section 53 of switeh ALS
armature. AS2—13, contact ASZ-—-—M and co1l of
relay AX. . The resistances of the series connected

relays is such ‘that only relay FCH picks up fto -

open up. the cirecuit for magnet ¥FY at armature
FCH—{ and contact FCH—2. Relay AD picks
up over a circuit including armature AS2--§, con-
tact - AS2—5. contact ASi—4 and armature

AS|—3. Switeh PSw steps over a driving circuit *-

cxtendmg from the upper side of FX, as. v1ewed
i Fig. - 17, ‘thr ough - the interrupter switch of
magnetFX X lead, seetion 51 of switch ALS, con-
‘fact AX-—5, armature AX-—4 contact ANL—I,
armature ANI—2, contact AD—3,
AD—4, armature AS2—6, contact AS2—5H, con-
tact ASI—-—d and armature ASI—3 to ground.
The other side of FX extends to battery through
the overﬂow switch FOF. When the switch FSw
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armature .-
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'reaches the marked line, relay AX is energized

over the XB lead Relay FCH. is short clrculted

'and released Operatlon of relay AX interrupts

the X-drrvmg c1rcu1t and completes a drnung c1r-
cu1t for magnet Y.

Unsucccssful b'u,sy test—If a connector has -

70 -
"__IASI——-EI and armature ASI—3 to” ground

_'se1zed a calling line circuit before the line finder |

“has. reached the calling 11ne, ground is present on

;the forward or front sleeve lead and cut-through
grouind from the allotter cannct cperate the cut-

5
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through relay FCT becatse both‘ 31des of the Wmd-
mg of° relay FCT are grounded

Ooerﬂcw Ea ecycimg-—When the ﬁnder step
svntch fails to ﬂnd a mariked line}as if the calling
party hangs up. before the’ calhng hne was’ found
or if the markmg lead-is 91??11 or,"in the case’ of.
the llth step 1n e1ther the X or the Y dlrectlon,
the cverﬂow swrtch FOP s operated thereby re-
movmg batt tery from the stepplng magnet Over
flow ‘cortacts ‘FOF-—=2 ‘place ground--on the H
Drush of the firider switch FSw to- simulate-find=
1ng and to cause the allotter to advance The
ground at FOF—2 over the* HB lead 'through coh—
tact and brush 87 of selector’ switch ALS, ‘arma-

ture-AA—1, contact **AA——-—B winding of* relay ‘AA
to battery The advance“ of the allotter releases

|.""" =

"h L] '

a’ c1rcu1t for operatlng release relay FZ at con-
tact SBTQ ﬁ and arnrature SD——-lﬂ‘* - The smtch
""“Snnllarly in the selector and’ connector; if’ for
_any reason the step suutch reaches the overﬂow
that smtch operate to- open the energlzmg cir-
cults “for tne step magnets Operatlon ‘of the
selecter orel ﬂow switeh“causes ‘the’ transmlssmh
of’’ busy toné and ﬂash to the calllng hne the
circuit extendlng from the busy tonée ‘and flash
leao_ BBTF in” the“‘selector through contacts
SOF—-—-ﬁ and SOF—-—-—S contact SMT—-IS and ar-
matule SMT-—-II 10 the back: rmg conductor to
the ﬁnder “'contact FCT—-——II and’’ armature
FCT——IG and the back r1ng conductor to the ‘rmg
brush in the ﬁnoer SW1tch Pow.

" Tined rccyclmg SUAS 1nd1cated abcve means
1s promded to adrance the’ allotter it the calhng
hne is' not’ ‘found or if the’ step swﬂ:ch is ot ‘6p=
er ating When 1elay ASI operates in lesponse

'tc 2 calhng ccndxtmn on start lead LST a path

ddddd

nent time" relay APT, the c1rcu1t extendlng from
the p1ckup lead OPU (see Flg 11) through ar-
mature ASI = 5 contact ASI =§; ““drmature
APT—3 contact APT---& w1nd1ng of relay APT
to battéry Relay "APT locks to grouihd over a
c1rcu1t extending from “battery, through” the
w:rndmg of relay APT, contact APT-—-4 ‘contact

.APT——-5 contact AS2--8 and AS2-=T"t0’ ground

Operatlon or relay APT also prepares a path

CA——I can be’ apphed to the allotter advance relay

_AA the c1rcu1t extendlng frorn Tead " CA=Z1: ,for

example through armature APT—-'I contact
APT-—-—B to the Wmdme of relay AA """" If the calhng:
ling is not found by the time the commion tiniing -

equipment furnishes p1ckup and cancel pulses,

Tl e

relays APT and AA gre energ12ed o Step seleetor

| smtch ALS thus allcttlng another ﬁnder whrch-
'Wlll functlcn to’ ﬁnd the calhng 11ne |

Peg count —In order to’ prowde ‘an 1ndlcatlon

chat 5 finder smtch has reached some X level, a
_pulse of ground is'tr ansmitted over the peg’ ccunt.
lead PC each time the X stcppmg relay AX op-
erates.

“The c1rcu1t comprlses lead PC, contact.
X——G arrnature AX—-4 contact”ANL-—-I arma-

------

T .|.|.-\.|

ccntact ASZ-—-s ccntact ~

Sclcctor

Permcnent time relecse —In order to dismiss &

selector under 11ne fault ccnd1t10ns, grcund is
EEMELEE & B SRABEL RIS TR I RS




- SPT-—3.

 turns to normal.
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| _supphed et mtervels to the selector permanent

. timing relay SPT over the office pickup lead OPU"
through armature SPT—I, contact SPT—2, con-

tact SD—14,; armature SD—ls winding of re-
lay SPT to. battery.

Rele,y SPT locks up to
master ground through contacts SPT—2 and
Operatlon of relay SPT substitutes a -

2,667,660

- kN -
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there is no comleo'tion made into _"the_:‘ XX level

- of switch SSw and hence the side of relay SMT

-extending to the XX bank of switch SSw is open

-~ and SMT cannot operate as long as the auxiliary

- holding ground received over the office hold lead
- first terminal or bank in the Y direction. Thus, -

- OH through contaots SPT—5 and SPT—6 for the
- ground furnished to the sleeve lead through con-

~ tact SPT—5 and armature SPT-—4, After a pre~-
determined time, the hold lead OX is opened
(see Fig. 14) and the circuit dismissed because of

the removal of ground from the back sleeve lead.

In order to energize the timing equipment,

ground is supplied to the BRS lead by closure
contact

of contact SD—8, armature SD-—'!
| -SMT—I and armature SMT-—2. |

| Digit adding ~When the selector is eqmpped-'
| for digit adding, as shown in Fig. 6, the selector

returns to its normal position the first time a
pre-determined digit is dialed, but hunts normally

10

thereafter. When an XX level equipped for digit
adding by utfilization of the equipment within -

rectangle D of Fig. 6 and wiring “M’ is dialed,

sleeve lead, the circuit extending from the back

 sleeve lead through contact SXD—10 and ar-

mature SXD-—9 to the auxiliary XX brush.
- Ground on the XX brush operates the drop back
- relay SDB over g circuit extending from ground

 at the XX brush, contact in the XX bank, arma-
ture SDB—I1, oonte,ct SDB—6, winding of relay

SDB to battery. Relay SDB locks to sleeve
ground through contacts SDB—6 and SDhB—5.
The operating path for the Y magnet SY is

- opened at contact SDB—I and armature SDB—2
and the path carrying dial tone to the calling
- station is opened at contact SDB-—I1{ and arma-

ture SDB—I10. The release magnet SZ is op-

~ erated upon the closure of armature SDB—4 with -

contact SDB—-3 through contact SAB—6 and

or XX brush stands at a dead level.

ground for energizing relay SH to step magnet

SY is absent and hence switch SSw halts on the

there is provided means for halting or limiting

- the movement of the tip, ring, sleeve and hunt
brushes at a predetermined position of the sec-
ondary or Y movement when the primary or X |
- movement is positioned at a dead level. o
dead level is dialed, the de-energization of rele_.y
SXD after dialing ceases, completes a circuit for
carrying a dead level tone back to the calling sub-
- Scriber over the ring lead, the circuit extending
- from g suitable source of tone (not shown),
~ of switeh SSw, X brush, oonteot SXD—I, arma-
ture SXD—2, condenser 13, overflow smtoh SOF,
contact SMT—I13 and armature SMT——II of re=-
lay S’VIT to the beok rmg leed |
25
- ground appears on the XX brush from the back

If a

dead level tone lead (Fig. 6), terminal in X ba.nk .

C’o?mector o

- Conversatzon tzmmg —Upon enswermg by the o

 called subscriber, and consequent operation of re-

30

| _BCTS is energized to ground the office t1mmg.“-" '

lay CRT, as explained under the heading “Ring-

ing trip,” the conversation timing start lead
BCTS is grounded over a circuit extending from

battery at the conversation timing start relay
- BCTS (Fig. 14), winding of relay BCTS, BCTS
35

lead, contact CRT—T1, armature CRT—S6, contact
‘and armature CD—4 to ground. Relay

- start lead OTS by engagement of armature -

- BCTS—I

- -ermature SAB—1. The steppmg switch SSw re- _'
‘not shown, by the engagement of armature

normal restores the off-normal switches to com-

over 3 circuit extending from the winding of

-~ relay SAB through contact SAB—$, armature

SAB—8, contact SDB—S8, armature SDB—9, off-
- normal contaot SXon—| and armature SXon—2
to master ground ‘The XX brush is no longer

The return of the switch to
| 45
 plete a path for the energization of relay SAB,

50

effective to return switch SSw to normal because

the release circuit is broken at armature SAB—I.
- Thereafter, the call proceeds in the normal
manner. After the switch steps in the X-direc-

- tion, the Y magnet is operated over a path com-
- pleted through ermeture SAB———d end oontact |

- SAB—S.

'resentmg the timed levels.

eration of reiay BCTS also completes the office
timing pulse lead OTP from the timing means,

' BCTS—3 and contact BCTS—4 to the winding of
timing pulse relay BTP—I and also to the wind-
~ ing of timing pulse relay BTP—2.
- pulse relays operate on each pulse.
~contacts are provided for each line finder or con- -

" The timing
Individual

nector, or both, and individual timing pu.lse |
ground is applied to the XX bank terminals rep-
This circuit is re-

~ leased when all CRT relays are de-energized.

- Referring particularly to the connector, means '

is. provided for dismissing the connections or

‘completed circuit after receipt of a predeter-

mined number of timing pulses. When the ring-

 ing trip relay CRT is operated, the minor switch =

Digit conceZng ——-If 11; is- de51red to provide_._ N

dlglt cancelling or absorbing on one or more

levels, ground on the XX brush of the selector:

60.
- armature

~switch is conducted over the digit absorbing con-

‘ductor and through the off-normal switches in
shunt to the winding of release magnet SZ in
order to return the switch to its home pos1tlon
eeoh time that parficular digit is dialed.

Dead levels.—Means is provided whereby the |
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selector does not cut through on dead levels and

a distinctive tone may be returned to the calling
~ subscriber to indicate that a dead level has been
dialed. It will be recalled from the description

of selector opergtion that relay SMT is shunted

during hunting over busy terminals of switch

-~ SSw, one connection to ground being made

through the XX bru_.sh and benk On dead levels,

70 .
- contact CON—8, armature CON—T, armature

: -swﬂ:ch CS—I.
the energization of relay CBT over & circuit ex-
tending from battery through the lower winding

CS is released by ground originating at the busy -
test relay CBT and following a path through
CBT—I{, contact CBT—2, armature"

CRT—#4, contact CRT—S5,

normal, off-normal relay CON is de-energized by
the opening of the circuit inecluding off- normal
"The release of relay CON causes

of relay CBT, ermeture CA—I3, contact CA—I4,

~ CSD—5 and contact CSD—6 to ground. The
- purpose of re-operating relay CBT is explained

. in the last paragraph under the headmg “Con-
5 |

versation tnmng ”

After the
- switch SSw takes one step in the Y direction, the

the

with contact BCTS—2 and thereby
‘bring into operation suitable timing means, as a
- pulse generetor of desired type, for example. Op-

off-normal switch
CS—2 of minor switch CS and the release coil
- CSb to battery. Upon the return of switch CS to



2;687,650:

The circuit for the minor.switch release magnet
is thereby opened to permit the re-stepping. of
switeh CS by timing pulses if any, brought indi-
rectlyintothe connector from the line finder over
the“H conductor or dlreetly from the XX bank
of ‘the ‘connector.

- Operation of the answering relay CA. completes
a path for the timing pulses to step switch CS as
follows: H lead, armature CA-—I, contact CA--2,
armature CBT—4, contact CBT—5; ballast lamp
82° and rotary magnet winding CSa. to l:natterr,;r
When conversation timing ‘is furnished, wiring
“y*is used instead of wiring “W” in-order to
insert ballast lamp 32 Ballast lamp 82 is pro-
-vlded to limit the current flowing "in. the last-
mentioned circuit and prevents overheating of
winding CSa. The ballast lamp preferably” has
asthermal coefficient of . resistance such that op-
"_erating pulses pass through” before its resistance
Earises appreciably but tlie hot resistdance is cur-
reént limiting. Thus the ballast lamp permits
pulses of relatively high currents to pass through
wmdmg CSua to operdte the switch and. ‘thereafter
Serves . to reduce. the current to a safe value.
Smteh CS ‘advances each time a ftiming pulse is
received. With the arrangement shown in Fig. 9
ohr the seventh .switch point, which means that
séven timing pulses have Jbeen .received, a warn-
irig_tone is fed to the ring conductor or lead over
‘q.circuit extending from the conversation warn=

~ ing.tone lead OCWT (Fig. 8) through armature

CBT—6. contact CBT—T, brush and contact of
the C section of smtch CS, contact CRT—20, ar-
mature. CRT—22, tone condenser 83, contact

CCT—9; armature CCT—I10, contact CON—2; ar=

mature CON—I, contact CSD—2 and armatire
CSD—I to the back ring lead R. When the minor
- switeh steps to . theninth position, anotihier warn-

__mg tone is furnished over substantially the same
‘path since contacts 1 and 9 are wired tegether
..-When the smteh CS reaches the tenth pos1t10n

o the grounded tone lead OCWT, which 1s con-

"nected to the brush of section C of switch CS
th‘rough armature CBT-—6 and contact: CBT-—-—'I
is applied to the tenth contact, and through con=
tact CRT—9 and armature CRT—I [ .to the wind-
ing .of relay CSD which operates for the second
tite during the call, in order to dismiss: the call

by removing _both front and back sleeve grounds .
at contact CSD—-IB and armature CsSD—I11. The *

finder and the selector, which have been. held by
sleeve ground, are dropped. and.lock out, if pro-
vided.in the line circuit, Is established. It may
be observed that at the time of the first operation
of relay CSD, a shunt was. provided around ar-
mature CSD—IT and contact CSD—I18 through
contact CRT—I9 and armature CRT—18.

- Time cancelling. -If one of the levels. 1s pro-
vided with time cancelling provisions, direct
.ground is eonnected to the corresponding con-
tact in the XX 'bank In ordér to hold magnet, CSa
‘of step switch CS permanently energized to pre-
- vent. further stepping and, therefore, prevent the
reception of timing- pulses whereby the. circuit
cannot be dlsmlssed by. timing. Ballast. lamp 82
limits the sustaining current.

| Trunk hunting.—If trunk hunting is desired,

-----

-.‘F of Flgs 8. and 9 is 1nelnded and the erlng in-

 dicated:by. the letter “C” is used, it belng under-

stood that if the trunk hunting: feature is not em-
ployed, relays C'TH and CPA are:not provided:and
wiring: “D” isrused: With:the provision:of:trunk
‘Aunting;. the: connector: can choose’ an:idle:line

10
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20

25

30

45

is - connected to. battery and- the: other. s1de is
connected to. ground OVer & circuit including: the

a9

CBT—I.

38
out:of :several.in::a.group;.such-as: trunks:to &
P. B. X station: The hunt terminals of all but
the:.last . trunk: in: the connector maultiple : are
rnarked by resistance hattery and:the last con-
tact-or trunk:is.marked by:direct ground. |

 The. first: trunk-is :selected- by dialing.. When:
the: H-brush of the connector:switch CSw passes
a:marked terminal or.trunk,. the frunk hunting:
relay. CTH is energized:: The left-hand terminal
of -the:upper winding of relay CTH; as:viewed:in
the drawing, is connected to:ground through con=
tact CD—i3:and armature . CD—I14. The. other
termmal of - the upper winding. of relay CTH: is-
connected - to. the  hunt brush: through contact
CCT—12 and. armature CCT—13; Relay CTHTe-~
leases when the hunt brush moves;to the next
terminal. If. the:connector: switch stops.on a
marked trunk;.and:this: trunk is.found busy; res=
la.,r CBT eperates from:  sleeve- ground: through
contact CYD—T1 gnd contact CYD—6. The subse=
quent-release of relay.CYD completes apath from
master- eround to re-energize relay CXD,-the-cir~
cuit. extending- from- battery. through- the lower
wrndmg of relay CXD, as-shown in the drawings;
contact- CYD—Ii3;. armature CYD-—14;, contact

CBT—I15; armature. CBT—I6, contact: CTH—-—S-- -

and - armature CTH—10, to: master: ground. ‘The
seeend operation of relay. CXD re-operates relay
CYD.from- master ground . at.armature: CXD——f
through .contact.- CXD—2 and the lower winding
of. relay: CYD. to-battery. The previous: release
of relay- CYD.caused: the:energization of relay
CSD which is arranged .to be:subsequently.inde=
pendent. of the further action .of relay CYD:as
previously  explained. Hence, the pulsing. paths
to-both stepping magnets CX:and CY- are: opened
at-contact CSD—I16:and armature CSD—-M and
the pulsing path to stepping magnet:CSa.1s. closed
at:. armature CSD—I4. and. contacts CSD—I5.
Therefore, the calling party can dial the. thn'd'

_eennectlon digit while trunk. huntlng is going.on.

The. energ1zat10n of . ela,vs CBT, CTI—I CXD

'-and CYD establishes the necessary condltlons for

trunk huntrng Pulse . assist relay CPA. is. next
energrzed One side. of the: winding of relay. CPA

interrupter switch - CY—I, contact CTH—b6, ar-
mature CTH-—b; contact CBT—-3 and- armature
Relay CPA. transmits . pulses. threugh
the winding oi magcnet CY over. a cn*cmt extend—

ing.from ground.at contact CPA—2 through ar=
_contact

mature. CPA—I, armature CYD—I2,
CYD——H contact. CXD—39, armature. CXD—-—B .
upper winding of. relay CYD, magnet wmdmg CY

~ and overflow. contacts COF to battery. The cons

60

nector step switch CSw. steps.in the Y dlreetren

The busy eround previously. desenbed is . brnken

as the switch. moves forward.but: relay. CBT. is
_held eperated by a. second ground extendmg_
_._th_reugh centact CPA—-—-4 armature- CPA—-—S and

| relay CBT remarns steadlly operated as long as

70

g5 busy:sleeve. contacts:are encountered.

If an.idle: trunk:is reached, relay . CBT. releases
because of the lack-of sleeve ground. Release:of

relay: CBT . opens the holding:path for.relay CXD>

st armature CBT—I6 and contact CBT—IJ,
which releases relay CXD.and this relay in.turn
effects . the .release:. of relay CYD: at: armature

- CXD-—1 and: contactsCXD-~-2;. and: also: opens

{.

the energizing. path:for relay: CPA :at armature
- CBT—{:and contact. CBT—3:. |
relays:CXD and:CYD.prevents: further huniing,

The release:of.



 timing equipment.

39

) ﬁ-se'z,ew j

The release of relay CYD cc)rinects relay CCT to :

sleeve ground for the second busy test.
‘When relay CTH was. energized prevmusly,;

'path ‘was established from the lower winding of :

~relay CTH to battery at one terminal and té

resistance battery over a circuit including eon-.

‘tact CTH—8, armature CTH-—1,
CXD—i0, armature CXD-—I1,
and armature CCT—Ii2 to the- H brush, thereby
locking up relay CTH. As indicated by the ar-

contact

“flux normally developed therein OpPPOoses, -

-1ts upper winding. |
- If there are no idle trunks the connector steps

'to the last trunk which is marked with direct
hground on its H terminal, thereby groundmg

the right hand terminal of the upper winding of

relay CTH, effectively shunting  this winding.
“The lower winding is fully energized so that flux

contact cCCT—12

-10
-rYows adjacent the windings of relay CTH, the
windings of this relay are arranged so that the
| ~al-
“though the ampere turns rela,tlonshlp is made
.sufficient to hold the relay operated by means of.

15

- BRS is grounded, |
- for energizing relay BTS over g circuit extendmg -

__40 _.

-- Cmmon timing equfpméﬂf R

Permanent alarm -—There are 111ustr:a,ted iz
the selector and connector c1rcu1ts permanent

'tlmmg relays SPT and CPT, respectively. If these. .
relays are omitted, permanent alarm equlpment

may be provided in the common equipment a$

shown in Fig, 14, In this case, referring to ﬁhe |

selector the dashed rectangle C is substituted

for the apparatus illustrated in the dashed reé-

tangle B, Upon theé seizure of 4 $elector or 4
connector the bay ringing and tone start lead
thereby compileting a circuit

from battery at one terminal 6f the winding

through the winding of rélay BTS, thi¢ lead BRS,

. contact SD—8, armature SD—1, contact SMT—I
| and armature SMT——-z to ground. The office ring-

20

ing and tone start lead ORS is grounded by the

engagement of a,rma,ture BTS—-—I with contact

- BTS—2 to energize the rmgmg and tone start .
: _3"-1111pment not shown. |

reversal takes place, i. €., the flux in the upper -
winding is no longer eﬁectwe and that in the

Jlower winding becomes controlling,

switch. Relay CBT is held up to sleeve ground

until the release of relays CXD and CYD since

their paths are opened by relay CTH. The re-
lease of relay CYD permanently locks relay CBT
to ground through armature CD—I1 and contact
CD-—12 and contact CYD—6 and armature

CYD-—5, and busy tone and flasgh is applied to the

Relay CBT holds up during re- '

35 BPT-—4 through contact BPT—S5,

calhng line.
lease of relay CYD because armature CYD—5 en-

gages contact CYD—6 before the lgtter breaks -
from contact CYD—1. At this point it is noted
that relay CTH held the busy tone and flash lead
OBTF open in order to avoid a false indication - 40
Permanent time release.—When the ca,llmg re~ -
lay CC is operated, but before the answering re-
lay CA is energized, a path is established to the
permanent timing relay CPT from the common

_ - This circuit extends from
- pickup lead OPU through armature CPT—S5, con-

~ to a subscriber during the hunting operation.

tact CPT—6, contact CA—9, armature CA—10,
contact CD—10, armature CD—9 and winding of

relay CPT to battery. Pulses of ground received )

over the pickup lead operate relay CPT which
locks to ground at contacts CPT—4 and CPT—6.

‘The ground previously furnished for stepping the

connector switech CSw and for energizing master

~ eround at armature CPT-—I is transferred to the
office hold lead OH at contacts CPT—2 and
At the end of the timing out period,

. CPT—3.
‘holding ground is removed for a pre~determined

‘time, one second for example, which results in

‘the release of the connector relays and the es- 60

tablishment of lock out. AS S00ON as relays CD

Hence, relay |

CTH releases 1mmed1ate1y to stop hunting by the BTS—3, contact BPT—1, armature BPT—8§, con-

25

Energization of relay BTS a,lso prepal es g cir-

" cuit for the energization of relay BPT over a
‘circuit extending from battery through the wind-

ing of relay:BPT, contact BTS—4, armature

tact BALM——-I and armature BAL.M—2 of the

~ bay alarm relay BALM and the OPU lead. This

30

circuit causes relay BPT to 0pera,te in response

-~ %o pulses received over lead OPU. Relay BPT -

- locks up to the hold lead OH at contacts BPT—T
~and BPT—6 and operates relay BALM over a

circuit extendmg from ground at armature

BALM—8, contact BAI_M—-T and winding of re-
lay BALM to battery. Relay BALM locks up

OVer g clrcult extending from its winding through '

~ contact BALM—9, contact BALM—1T to lead

45

BRS. When the hold lead OH is opened by the
engagement of the brush of Interrupter 12, with

~ the insulated segment for example, relay BPT

- releases, thereby grounding the -office permanent
- alarm lead OPA through armature BPT—I,

ar-
mature BPT_-—-Z armature BALM—3 and contact

- BALM—A4.

Allotier time out —The operatlon of any hne

~ relay applies resistance ground to the allotter

51t

start relay AS-—I as previously descrlbed The

operation of relay AS—I caused ground to be
- placed on the cancel start leag CAS—I{ at arma-

~ture AS{—3, through contact ASI—4 and lead
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CAS—I to energize one winding of cancel start re-
lay BCAS (Fig. 14) depending upon which half of

the dual allotter is energized by a start lead in-

- volved. Relay BCAS operates to ground the of-

and CPT release, the release magnet CZ is ener- .

gized to restore the step switch CSw to normal,

~the circuit extending from one side of magnet

- BCAS—2,
"BCAP and returned to the a,llotter over one of

wmdmg CZ to battery and from the other side ..

' o ground through the paralleled X and Y off-

normal contacts, contact CD—T1, armature CD—B6,
contact CC—4, armature CC—~——3 contact CPT—2

- and armature CPT—I.

Relay CPT is.released by the operatlon of rela,y

- CA at contact CA—9 and armature CA—10. Re-

lease of the connector is thus effected only by
conversation timing or by the release of the calling
relay CC. The permanent timing circuit is re-
instated at any time by the release of relay CA.

fice ringing and tone start lead ORS through
~armature BCAS——-—3 and contact BCAS—4 to start

the operation of a pulse generator (not shown).
The pulses from the generstor are received over
the office allotter timing lead OAT and energize
relay BCAP through armature BCAS—1|
- The pulses are repeated by relay R

the cancel leads CAl or CA2 dependent upon
which half of the allotter is mvolved Inasmuch

‘as each cancel lead is connected to one terminal

- of the winding of allotter advance relay AA

70

through armature APT—1 and contact APT—6,
the appearance of ground on the cancel lead re-

sults in the energization of relay AA and the re- |

- cycling of the allotter.

75

What I claim is:

1. A telephone system comprlsmg 2) plurahty of
subscmbers ]ines 8 pluraht.y of calling lines, said

armature

and
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ealling lines being divided. into two: classes, a two-.

direction. step switch having a plurality of bank
contact levels, a: eontact brush set normally po-
sitioned opposite one of :said levels,: lines of one
of said classes terminating in said one level, lines
of the other class terminating in the remaining

levels, means responsive to-a calling condition on
lines of said other class for causing said brush set

to-move t0:a- position- opposite and then into one

of said remaining levels in response to & call on

one of the lines of said other class, and means
responsive only to-a calling condition on lines of
said one class for causing said brush sev to move
dirvectly: into: said one level in response to a call
on one. of the lines-of said-one eclass, the last~
mentioned -means comprising: a relay anhd means
whereby said relay is energized responsive to a
ealling condition on:a.line of said one class to dis-
able said first-mentioned means and to cause said
switeh to-move-only into said one:level. = -

2. -Artelephone system: comprising a plurality of
subscribers’ lines, a. plurality of trunks, a .two-
direction step switch having a. plurality:-of. bank
contact levels,-a contact brush set normally po-
sitioned opposite-one. of. said levels, said trunks
terminating  in: said. one level,: said subscribers’

lines terminating in the: remaining levels, &. pri-

mary-driving circuit: for -causing said brush -seb
to: move: in g primary . direction: to a. position .op-

posite to-one of said remaining levels and-a S€c~

endary ‘driving. cireuit for eausing said- brush set
to-move in.a secondary direction into said one of
‘said remaining levels in response: 10 a call. on. orie
of said subscribers’ lines, a relay, said relay hav-
ing normally closed -contacts-in said primary driv-
ing -circuit and means whereby said relay 18

caused: to be energized in response to a trunk call -

ift-order to -open the primary driving - circuit- for
aid brush set whereby said brush set-moves only
in-said-direction in response to trunk calls:

“3. "A telephone system comprising a plurality-of
stbscribers” lines, a; plurality-of trunks, a two di-
rection step switch having g plurality of- bank
gontact levels; a contact brush set normally pOSsi-
tioned opposite one level, said tiunks terminating
in said one level, said subscribers’ lines terminat-
ing in the remaining levels, means ‘for moving
said brush set in a_primary direction to a position
opposite to and then in & secondary direction into
one of said.remaining levels in response to a.call
on one of said subscribers’ lines and means for
moving said brush set directly into said one level
in. response to a call on one of said trunks, the

10

15

20

25

30

85

40

45

50

42

ing said brush set in a primary direction to a po-
sition opposite. to and then In a. secondary direc-
tion into one of said remaining levels in response
to a call on one of said lines of said first class,
means for moving said brush set directly into
said one level in response to a call on one of sald
lines of said second class, said switch having ofi-
normal contacts operated in response to the pri-
mary movement means and arranged to be .cir-
cuit closing in the normal position of said step
switch and . circuit opening whenever .said step
switch is moved away from normal in.the pri-
mary direction, and means utilizing said off-nor-
mal contacts for providing trunk call identifica-
tion to any succeeding step switches. - -

" 5.. A telephone system comprising a plurality of
subsecribers’ lines,. 2 plurality of trunks, a two-
direction finder step. switch having a plurality. of
bank contact. levels, a contact brush set normally
positioned opposite one- level, said trunks termi-
nating in said one level, said subscribers’ lines
terminating in the remaining levels, means for
moving said brush set in a primary direction. to
a position. opposite to and then in a. secondary
direction into one of said remaining levels in re-
sponse. to.a. call .on one of said subscribers’ lines,
means. for moving said brush set directly into said
one level in response to a call on one of said
trunks, -said switch having off-normal contacts
operated in.response to the primary movement
means and arranged to be eircuit closing in the
normal position of said step switch and circuit
opening whenever said step switch is moved away
from normal, additional means for extending a
call bevond said finder switeh, said means includ-
ing a switeh and.a cut. through relay, a circiit for
energizing. said. relay, means for completing said
energizing circuit when said additional switch
steps.to an idle line of an unrestricted level there-
of, means for holding open said energizing circuit
when said additional switch steps to levels re-
stricted with respect to subscribers’:lines, and
means for completing said energizing circuit when
said additional switch steps to said restricted
level at such times. as said finder switch moves
only in.its secondary direction in response to &

trunk call, the last-mentioned. means comprising

a eircuit including said off-normal contacts.
6. In a telephone system, a. plurality of calling
subscribers’ lines; a plurality of calling trunk

 lines:; a _called line; means including. a .switch

tast-mentioned means comprising a.relay, means

whereby said relay is caused. to be energized only
in.response to trunk calls, a first circuit for caus-
ing said switch to move in said primary direction
and; a second circuit for causing said switch to
move in said secondary direction, said relay hav-
ing. a normally. closed contact in said first circuit
and.a normally open contact in said second circuit
whereby said first circuit is rendered ineffective
to.cause said switch to. move in said primary di-
rection in response to a calling condition on one
of said trunks and said second circult 1s com-
pleted for moving said switch. into sald one level
without first moving in said primary direction.
4. A telephone system: comprising. a. plurality of
calling lines. of a.first class, a plurality of calling
lines of a second class,.a two direction.step switch
having a_plurality of bank contact Jevels, a2 con-
tact brush. set normally positioned opposite one
level, said lines of said second class terminating

in, said one.level, said lines. of said first class ter-
minating in the remaining levels, means.for mov-
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train for extending a call from a calling line to
said called: line; said. extending means including
o two-direction finder step switch having a plu-
rality of bank contact levels, a contact “brush
set normally positioned opposite one of said
levels; said trunks terminating in said one level,
said subscribers’.lines terminating in the remain-
ing: levels, means for moving said brush set in
o primary direction to a position opposite ' to

and then.in @ secondary direction into' one- of

said remaining levels in response to. a call on
one of said subscribers’ lines, means for moving
said brush set directly into said one level 'In
response- to- a call on one of sald trunks, sald

switeh having off-normal contacts operated -in

response to the primary movement means ~and
grranged to be eircuit closing in the normal posi-
tion of said step switch and circuit opening
whenever-said step switch is moved away from
normal; said- extending means also including: a
directively operated selector step switch having

a plurality of bank contact levels and. a contact
brush-set; a cut through relay for extending said
-calling line from' said finder switch brush set




' - normal contacts of the link being tested, and
- means for causing movement of said brush suc-
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o to sald selector switch brush set; a ﬁrst c11cu1t_ .
for energizing said relay through certem levels of

said selector switch: a second circuit for energiz- -

- ing said relay through another level of said
- selector switch; said second circuit including said

~ off-normal contects whereby trunk calls are ex-

tended to said selector when said finder switch

primary

_44.

seld brush set is positioned ODDOSIte a dead level

10. In combination with a switching dewce'._ |
'hevmg a set of contact brushes positioned re- __
sponsive to a primary stepping movement and

a secondary stepping movement, and an auxiliary
contact brush positioned only according to said
stepping movement, means utilizing

- sald auxiliary brush for limiting the secondary

~ moves in said secondary direction without first

moving in said primary direction and subscribers’

~ calls are extended to said selector when the said

finder switch moves in bcth pr:tma,ry and sec-
ondary directions.

7. In a telephone system a plurahty of sub-
scribers’ lines, a. plurality of finder-selector links
for finding a celhng subscriber’s line, means for

10

15

' ‘allotting one of said links to each call, each -
finder and each selector mcludmg a step-by-step -

switch, each switech having a normally closed

cﬂ.’-ncrmal confact corresponding to movement
- in each d1rect10n and which is caused to open

by movement of said switch in its said respective

20

directions, means for releasing said switches to

their normal positions after g, stepping operation, -

said releasing means including a contact which
is closed during the stepping of said switch, and

means for testing for an idle link, the last-men-

stepping movement whenever said primary step- _.
ping movement is positioned at a dead level. |
11.1In a telephone system comprising at least cne'

“calling station a plurality of groups of called sta-

tions, at least one connector for eachofsaid groups

for ccmpletmg calls to stations of the assigned

group, and at least one selector for cutting
through a calling station to a connector assigned
to a group including a desired called station, said

- selector comprising a directively operated switch-

ing device having a set of contact brushes posi-
tioned responsive to a primary stepping move-
ment for selecting a group of connectors assigned

to the group of called stations including said

~ desired called station and to a secondary step-

25

tioned means comprising a step switch having

a movable brush and a plurality of bank. con-

tacts for testing the idle condition of said links,

each bank contact being connected to a different

of potential, a relay, the selector and finder re-
~ lease contacts - and the selector and finder- off -

cessively {0 engage said bank ccntects Whereby
sald relay is energized whenever said brush en-

gages a bank contact cerrespcndmg to an 1dle.f
| llnk |

- 8. A telephone system cemprlsmg aQ twc direc-

| _tlcn step-by-step switch having a plurehty of
bank contact levels, ccntects in certain of said

levels being connected to succeeding equipment,
at least one of said levels being a dead level,

~ sald switch having a first set of contact brushes,
- means for directively controlling said set of

brushes to move in a primary direction to a posi-

ping movement to select an 1dle one of said group,

a relay, a circuit whereby said relay is energized,

~ for cuttmg through the calling line to an idle
‘connector, and means for preventing operation of

said relay and limiting secondary movement of

- sald switching device if said primary steppmg

30
"__1ink and a series circuit including said movable
brush and a contact of said step switch, a source

35

40

tion opposite one of said levels, an auxiliary con-

tact brush set, means for moving said auxiliary
set only in accordance with the primary posi-

tion of said first brush set, means for causing

50

said first set of brushes to hunt in said one level

for an idle connection to succeeding equipment,

and means whereby said auxﬂlary set is utilized

bd

to halt hunting of said first brush set at a pre-

~determined position in said secondary direction

when said brush s et is pOSltIOIlEd cpp031te a, dced_ _

B _le‘vel

Q. A telephene system. cemprxsmg a, twc dlrec-

tion step-by-step switech having gz plurality of
bank contact levels, contacts in certain of said

levels being connected to succeeding equipment,
-at least one of said levels being a dead level; said

- switch having g first set of ccntact brushes

60
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~means for dlrectlvely ccntrellmg said set of

brushes to move in a primary direction to g, posi-
~tion opposite one of said levels, an auxiliary con-

- tact brush set, means for moving said auxiliary

set only in accordance with the primary POsi-

-for an idle connection to succeeding equipment,

- and means whereby said auxiliary set is utilized

to restrict huntmg of sa,ld ﬁrst brush set whcn

70
tion of said first brush set, means for causing =
said first set of brushes to hunt in said one level

movement comes to rest at a dead level. =
12. In a telephone system comprising at least

~ one calling station, a plurality of groups of called
 stations, at least one connector for each of said

‘groups for completing calls to stations of the
assigned group, and at least one selector for

cutting through a calling station to a connector
assigned to a desired called station, said selector
comprising a directively operated smtchmg de-
vice having a set of contact brushes positioned

responsive to a primary stepping movement for
eelectmg 8- group of connectors assigned to the

~group of called stations including said desired

called station and to a secondary stepping move-

ment to select an idle one of said group, a re-
lay a circuit whereby said relay is enersized

for cutting through the calling line to an idle
connector, and means for limiting the secondary

movement of said smtchmg device if said pri--

“Imary steppmg movement comes to rest at a dead

level.

13. In a telephcne system ccmprlemg at Jeast
one calling station, a plurality of groups of called
stations, at least one connector for each of said
groups, and at least one selector for cufting
through a cellmg station to g connector assigned
to a desired called station, said selector compris-

ing a directively operated switching device hav-
Ing a set of contact brushes positioned respon-

sive to a primary stepping movement for seleci-

ing a group of connectors assigned to the group of

called stations including said desired called sta-
tion and to a secondary stepping movement to
select an idle one of said group, a relay a cir-
cuit whereby said relay is energized for cutting
through the calling line to an idle connector,
a pulse assist relay cooperating with said switch-

‘Ing device to produce the secondary mcvement

thereof, and means responsive to said primary
movement halting at a dead level for preventing

operation of said pulse assist relay and sald

SWltChlng device in the secondary direction. |
14. In a telephone system, a calling. line, a
finder circuit including g step-by- -Step smtch
for finding said calling line, a called line, 5 con-

nector circuit including g step-by-step switch for

ccmpletmg a connection frcm said calhng Ime '
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Jizing the talking circuit:are apprised of the pas-
-sage 'of g predetermined amount of conversation
~time, ‘and means responsive: to said step switch
-reaching another step of said step switch for-dis-

5 -missing-the completed circuit. - |
18. In a ‘telephone system, plurality of lines,
g, finder circuit for finding a-calling one.ofsald
lines, a connector circuit for completing: a. .coOn-
nection from said -calling line ‘to a ‘called “line,
~each circuit including a two motion switch, each
switeh comprising a set of contact brushes posi-
tioned responsive to a primary stepping ‘move-
-ment -and -a-secondary stepping movement, said
“finder and said connector switches each having
115 an auxiliary contact brush positioned according
-to-sdid primary stepping movement, a source ol
-timing . pulses, means utilizing ‘said finder: and
~ggaid - connector ‘auxiliary brushes for: respectively
conducting -timing pulses - directly -to -sald - con-
‘neetor -circuit and:indirectly to said .connector
-gircuit :through :said finder  switch, means™for
‘dismissing’ the completed -circuit. after rec eiptof
-.q predetermined number of said: pulses,:.and
means ‘effective on calls to ‘or from: certain-’of
.said ‘lines-for -rendering : ineffective said timing

145 .
--to -said -called line; each of-said :switches. com-
-prising -a;-set -of contact-brushes positioned :re-
-~gponsive to- stepping- movement; said-finder-and
.=said-connector switches-each:having an-auxiliary
.contact brush positioned -according. to the posi-
tion of -said brushes; a source of timing-pulses,
‘means utilizing *the -connector -auxillary <brush
for conducting. timing - pulses:irom -said - source
directly to- sdid connector circuit-and means uti-
-lizing -the finder :auxiliary brush:for:conducting:
-timing pulses from:-said source indirectly to-sald
-gonnector ‘circuit- through -said finder switch.
45,-In -a -telephone -system, -a calling “line,:a
~finder-circuit for finding said calling line; a:called
+Jine, - a connector -circuit - for completing .a - con-
~nection-from- said calling line to-said-called-lne,
_each-circuit including a-two motion switch, eaeh
switch-comprising a:set-of contact brushes posi-
tioned responsive-to-a-primary ‘stepping -move-
+ment' and a-secondary ‘stepping moevement,.s aid
~finder-and- said-connector -switches--each-having
- an -auxiliary-contact -brush -positioned -according
~to-said primary stepping movement, a source of
“timing - pulses, -means ~ytilizing -said finder ~and
-said-conneetor auxiliary- brushes: for-respectively:

10
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'icendtteting timing pulses ‘direectly ‘to.csald:-con- means. o | .
~neetor--circuit--and - indirectly -to said-connector '19. In 4 -telephone system, a plurality of.lines,
Leireuit - through said-finder:switeh, and ‘means g/ finder -circuit-for finding ‘a: calling one. of-said

lines, a connector cireuit-for completing a ‘con-
-nection from -said :calling line to a -called -line,
-each .circuit including a two motion switch, each
switch eomprising a set 'of contact brushes:posi-

~wfor--dismissing ‘the- completed - cireuit. -after re-
-ceipt ‘of -a predetermined: number-of said pulses.-30
- .16..:In- a-telephone. system, a-calling -line;--a
“finder-circuit forfinding-said-calling line; a called
.line, -a ~connector- cireuit ‘for -completing--a- con- ‘tioned responsive to a primary. stepping move-
~mection from said-calling line to-said called lime, - ment. and a secondary stepping movement, said
~each- eircuit including-a:two motion switch,-edch 35 finder and -said connector: switehes -each:-having
~gwitch:comprising a-set-of contact brushes posi- -—an auxiliary contact brush: positioned ‘according
“tioned: -responsive  to a-primary- stepping -move- -to the position of said primary: stepping move-
-ment-and g -secondary-stepping-m ovement; 'said ment. a source of timing pulses, means. utilizing
finder and -said- connector:switehes -each -having said finder -and ‘said connector auxiliary brushes
~gn-guxiliary contact brush -positioned according 40 for respectively -conducting timing pulses diréctly
+to-said primary stepping: movement,-a source 01 +o- said -connector -circuit and indirectly to-said
timing- pulses, -meansutilizing- said ' finder--and .econnector -circuit- through -said finder- switch,

-:said- connector -auxiliary ‘brushes: for.respective-
-1y conducting timing pulses directly to sald con-

-mector -circuit--and -indirectly- to :said - connector--

“circuit through said finder switch, and-means. for
dismissing the completed: circuit after receipt of
+g- predetermined: number-of said pulses, thelast
. mentioned means comprising a step-switch, and
~means whereby said step- switeh is caused:to ad-
~ .vance one step upon receipt-of each ‘timing-pulse
-and circuit means associated- with -a predeter-
“mined one of said steps. | S "
17 In-a telephone system, a -calling -line, 4
~finder circuit-for finding:said ¢alling line; g called
-line, a: connector- circuit for completing-a-con-
-nection from said calling line to said-called line,
~each circuit including: a two motion switch;-each
-switch comprising a-set-of conta ct' brushes-posi-
‘tioned ‘responsive to & primary stepping move-
~ment-and a secondary ‘stepping rmovement; said
“finder -and said connector -switeches- each having
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~an-auxiliary contact brush- positioned- according

+0-said primary stepping ‘movement- respectively,

a source of timing-pulses, means utilizing -sald

finder and said- connector- auxiliary brushes’for
~respectively conducting -timing pulses-directly to
-said.connector circuit and-indirectly-to sald-con-
-nector circuit through said finder :switch, a ‘step
-gwitch, means whereby said step switch is-caused
to advance one step:upon receipt of each timing
‘pulse, and a source of warning tone, means
-whereby said warning tone is applied to the com-
pleted connection:when said step -switeh reaches

-g-predetermined-step, whereby the- parties- uti~

65

70
. a-periodically operated switch - circuit for econ-

15

-means for dismissing the completed circuit after

receipt of a predetermined number of said: pulses,

‘the -last mentioned means comprising -a step
-switeh, eircuit means effective on- completion-of
a-call to orfrom certain liixes for connecting-said
source of pulses to said step switch whereby sdid
~step switeh- advances one step upon receipt . of
each' timing pulse, a- source of potential, and
circuit- means ‘effective on-completion of-a. call
to -or from -certain -other lines for connecting
-said source of potential to said switch-whereby
gaid step switch is prevented from ;advancing: o

time:the completed connection.
90. In g telephone system, a plurality of lines,

g finder eircuit for finding a3, calling one of said
‘lines; a connector circuit for completing ‘a .con-
nection  from 'said ‘calling line to a -called -line,
each cireuit including a two:motion switeh, each
-switeh comprising a-set of contact brushes adapt-
-ed to‘be positioned -responsive to a- primary-step-
- ping-movement and a secondary stepping move-
‘ment, said finder and said-connector switches

each having an- auxiliary-contact-brush adapted

to ' be positioned- according ‘to said primary step-
- ping movement, means-ior timing the eonversa-
“tion.period-on certdain of said lines; the remain-

ing lines being entitled to unlimited conversa-
tion ‘time, & source of -potential, a step switch,

‘necting said ‘step-switch through at-least one of
said auxiliary switches to-said source of potential
‘through-said periodically operated switch-‘where-
by said step switch is caused-to advance totime
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the completed cenneetlen means for dlsmissmg; -
the completed connection after a predetermined
number of steps of said step switch, and addi-~
tional circuit means for connecting said step -

switch directly to said source of potential through
sald one of said auxiliary switches when the

completed connection includes a lme entltled to -

-unlimited conversation time.

21. In a telephone system: a. cellmg line: a -
10

called line; a series-connected ringing c:1reu1t
- comprising a relay shunted by a condenser having

low impedance at the ringing frequency, a source

- of alternating current of a desired ringing fre-
quency, a superimposed source of direct current,
and sald called line; means for maintaining said

ringing circuit open with respect to direct cur-
rent during the ringing period whereby opera-
tion of said relay from direct current is prevent-
ed but closed with respect to alternating cur-
rent, said alternatmg ringing current being

48

-spendmg to a rmgmg digit, meens for maintein— .

ing operated said relay during receipt of said
pulses, means responsive to the receipt of im-
pulses of said ringing digit for advenemg said
switch to a pOSItIOIl determined by the number of
impulses in eald ringing digit, a source of ringing

current, means for applying said ringing cur-
~rent In accordance with the position of smd -
- switch to said called line after extension of a
calling line thereto, means responsive to the ter-
mination of said ringing digit for releasing said
relay, means responsive to the answering of the

~call Tor causing said switch to return to its home
- p051t10n a source of timing pulses, means utiliz-

15
~ to time the duration of the conversation period,
“and means effective after receipt of a pre-de-

effective fo cause ringing of the called line, and

‘means responsive to the answering of a call for

completing said ringing circuit with respect to

direct current, said relay being energized by said

direct current to disconnect or trip said rmgmg
circuit when the called party answers. |

- 22. In a telephone system: a calling 11ne a _'
-called line; ringing mechanism connected to said

called line; a series-connected ringing circuit

comprising a rela,y shunted by a condenser hav-.

- ing low impedance at the ringing frequency, a
source of alternating ringing current of z de-

ing said timing pulses for reoperating said switch ._

termined number of timing pulses for reeperat- B

ing said relay to dismiss the call.
20

25. A telephone system comprising a, cellmg-‘ |
line including an impulse transmitter, a called

line, said line ineluding tip, ring, and sleeve con-
ductors, means for extending a call from said
- calling line to seld called line, a directively op-
25

erated switch, g relay, means for energizing said

relay preparatory to the receipt of pulses cor-
responding to a ringing digit, means responsive

to the pulses of said ringing digit to advance said

. switch for applying ringing signals to said called

30

sired ringing frequency, a source of direct cur-

rent, and said called line: means for completing

said circuit only for ringing current through

35

said ringing mechanism when said ce,lled line

is inactive whereby sald elternatmg current is
effective to cause ringing of the called line, and
means responsive to the answermg of a call for

. completing said circuit for direct cur rent to op-
erate said relay to disconnect said ringing cir-
~cult from said called line, and means responsive

to the eper&tmn of said relay for completing the

‘extension of the calling line to the called line.

23. A telephene system comprising a cellmg
line including an impulse transmitter, a called
line, means for extending a call from said cali-

ing Ime to said called line, a dlreetwely operat-

ed sw.itch ) rela,y, means for energizing said re-

- lay preparatery to the receipt of impulses cor-
responding to the transmission of a ringing digit,

- means for maintaining oper ated said rela,y dur-
- Ing receipt of said pulses, means responsive to

the receipt of impulses of sald ringing digit for

advancing said switch to a position determined
by the number of impulses in said ringing digit,

& source of ringing current, means for applying .

sald ringing current in accordance mth the posi-

tion of said switch to said called line after ex-
- tension of a calling line thereto, means respon-
sive to the termination of said ringing digit- for

releasing said relay, means responsive to the

answering of the call for eausmg sald switch to

return -to its home position, a source of timing

 pulses, means utilizing said timing pulses for
- reoperating said switch to time the duration of

~ the conversation périod, and means effective at
the end of the timing permd for reeperatmg sald

B ~relay to dismiss the call.

24, A telephone system cemprlsmg 2 - cellmg

0

40

 leasing said relay, a

Iine affer extension of a calling line thereto ,

- means for maintaining operated said relay dur-
ng recelpt of said pulses, means responsive to

the answering of the call for causing said switch

to return to its home position, means responsive

to the termination of sald ringing digit for re-

a. source of potential, means
eifective upon the release of said relay for con-

‘necting said potential to sald sleeve conductor

to hold the extended connection after the call
15 answered, a source of timing pulses, means

utilizing said timing pulses for 1eeperat1ng said

switch to time the duration of the conversation,
and means eff ective at the end of the t1mmg-

- period for reoperating said relay to dismiss the

45

call by removing sald petentlal from seld eleeve |

conductor,

'26. In a telephone system, a ce]lmg 11ne a, ealled -

. line, a finder circuit for finding said calhng line,

50

80

65

a connector circuit for completing a connection-
to said called line, means for extending a con-

" nection between said lines including said finder
‘and saild connector circuits, each of said circuits
including a switch COIIIpI‘ISlIlg ‘banks of contacts

and contact brushes, a source of timing pulses,

, and means for timing out said extended connec.. )
tion, said timing out means including g first cir-
~cult Including said source and one of said con-

nector brushes for conducting timing pulses di-

rectly to said connector circuit and a second

circuit including said source, one of said finder

‘brushes and said extended eenneetlen for con-

ducting timing pulses indirectly to said connector

- circuit, and means for dismissing said extended
circuit after a predetermined number of t1m1ng |
_-pulsee is received in said connector. |

27. In g3 telephone system, a calling line, s

| calling line, a called llne and means for e*{tend-

line including an impulse transmitter, a ecalled -

. preperatory to the recelpt of mpulses corre-

- line, means for extending a call from said call-
ing line to said called line, a directively operated -
switch, a relay, means fer energizing said relay

5

ing a connection between sald lines, a busy test

- relay for preventing said extension if said called
line is busy and for permitting said extensicn if

sald  called line is idle, means fer ringing said

called line, conversation timing means, means

responsive to the called line being answered to
terminate ringing, means responsive to the ter-
‘mination of rmgmg to. eperete sald busy test
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rele.,v, and .additional means responsive to the

called llne being answered. and the Opemtlon,
of -said.. busy test relay for mltlatmg operation

of said conversation timing means.

.28, In a telephone system, a plurahty of. lmee

means for extending a connection between two of
said lines, a busy test relay for preventing. said.

extension if the called line is busy and for per-

mitting said extension if said called line is idle,

means. for ringing seld called line, conversation
timing means, means responsive to the -called
line. being. answered to.terminate ringing, means.
responsive to the termination of ringing to -op-.
erate said busy test relay, and additional means
responsive to the called line being answered ¥nd

the aperation of said busy test relay for initiat-
ing operation of said conversation timing means,

~ gand -means effective on calls involving certain.
- of said lines for lumtmg operetlon of smd tmlmg_.

mearns.

29, In- & telephone eystem a plurahty of 11nes |
means for extending a connection between two
of said lines, a busy test relay, means for ener-.

gizing said relay when a busy condition 1s en-

countered on.the called line to prevent extension
of said connection -but permitting said relay to.
be de-energized if the called line is idle to extend
said connection thereto, means. for rmgmg the-
means.

30

called line, conversation timing means,
respongive to answering the extended call to ter-

minate ringing, means responsive. to the termi-
nation of ringing to. operate said busy. test relay,

and additional means responsive to the  called
line. being answered and the. operation of .said.

busy test relay for initiating operation. of said

oonverse,tlon timing means, and: means effective
on calls invoiving certain of said lines for pre-;

- venting  operation of said: tunmg means.

30.In a telephone system,; groups of- ce,llmg
a,nd called lines, means for extending a connéc-
tionn between g called and-a calling line, a relay:

 responsive to a busy condition on the called line

to prevent said extension but responsive to .an

idle condition of the called line for: enabling said

extensmn directively controlled means. for ring--
ing the called line, means for restoring- said con-

trolled - means to its normal position when the

call is answered, a source of timing pulses, means
responsive to the answering of the -call and the
restoratmn of said controlled means for energiz-
ing- said relay to- conduct timing pulses -to sald
controlled means when: sa1d extending means 1s‘-
positioned corresponding to one group of lines,
and means responsive to said extending means

being: positioned corresponding to another group

trolled means. |
31, In a telephone. system, a calling line, &

called line, means including a step- switch for
connecting said lines, and a busy test relay for

determining whether said called line 1s busy or

idle, -said relay being connected to be energized

when the called line is found busy but deener-

gized when found idle, said relay also being: effec- -

tive to enable said connection to be completed
when said relay is de-energized, directively op-
erated means responsive to the de-energized con-
dition of said relay for applying ringing current
{o-the called line in response to the receipt of
a-ringing digit from the calling line, release cir-
cuit. means responsive to answering of the call
for. returning said directively operated means {0

its- home position and. for removing said ring-.

ing current from said called line, means respon-
sive to said directively operaied means reaching -

10,
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of lines for preventing reoperation of said eon-..l.
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its home position for re-energizing said relay. in
order to, maintain open said release clrcmt a
source of timing pulses a 011'011113 ut111z1ng seud
pulses for re-operating, said d1reot1vely opereted
means to . impress: timing - sagnals on said. lines
whenever said. step. sw1tch is . in & posﬂuon cox-.
responding -to lines equipped. for conversatmn
timing . and, for preventmg re-operatlon of said.
directively operated means when said sw1tch is
in a: position. corresponding to lines with respeot
to which oonversatlon t1m1ng is not demred |
-82.-In a telephone system a callmg 11ne a,r
celled line, means 1nc1ud1ng a step switeh. for
oonneotmg said lines, and a busy test relay for |
determining - whether said called line is busy or.
idle, said relay being connected to be energlzed.
when the called line is found busy Iout de~
energized when found idle, said relay also .be-i_.
ing effective to eneble sald connecvion to be com-

-pleted when said relay is: de energmed d1rect1ve-:

ly operated means responsive 1o the de- EIIE‘I'EIZEQH
condition of said relay for, applying, ringing. cur=;
rent to. the called line in response to the recelpt.
of g ringing . d1g1t :Erom the calling lme release
circuit means responsive to answering of. the
call for returning sald d1rec twely opereted means
to 1ts home position end for removing said ring-
ing current from smd oalled line, means respon-.
sive to sald. d11eoL1ve1y opereted means reach-.
ing its home position for re-energizing . said re-
lay 1n order to maintain open said releese Cir~
cuit, a source of timing pulses, a eircuit utiliz-
ing smd pulses for re-operatmg said d1rect1vely |
operated ‘means to impress ummg ‘sighals on
said lines whenever smd step switch is in a IJOSI-_’
tion corresponding to lines. equlpped for con-
versation timing a:n_cl for. preventmg re-opere-.
tion of said d1reet1vely opereted means when said
switch is. in a position oorrespondmg to lines
with respect to which conversation timing is not.
desired, sald last mentioned circuit moludmg re=
sistance means, havmg a suﬁlolently low cold Te- .
sistance to permit timing pulses to pass, relative-

1y ummpeded but = suﬁimently h1gh hot resist-.

5 ance to limit the current in said last-mentioned .

circuit. ~ N

33. In 2 telephone system a - cellmg li;ne e
called line, means including. a step switch for_
connecting said lines, and a busy test relay for .
determining whether said called line is busy.or
idle, said relay being connected. to be energized -
when the called line is found -busy but de-ener-.
gized when found idle, said relay.also being. eifec-
tive to enable said oonnectlon to he. completed
when said relay 1s de- energlzed dlrectwely op~-
erated means responsive tothe. de-energmed con- .
dition of said. relay for applying ringing cur- ..
rent to.the.: oalled line in response to the receipt.
of a ringing digit from the calling line, release
circuit means responsive to answering of :the
call for returning said. d1reot1vely operated means
to-its home position and for removing said ring--
ing current from said called line, means respon- .
sive -to:said directively. operated means reach-
ing its home position for re-energizing said re-
lay in order to maintain open said release. cir- .
cuit, a. source of timing pulses, a circuit utiliz- .
ing said pulses for: re-operating said .directively
operated means to impress timing signals on said .
lines whenever said step switch is in.a:position::
corresponding to lines eguipped for conversation
timing -and for preveniing re-operation.of. said .
directively operated means when said switeh:is’
in. a. position corresponding to lines with respect :

78 to which conversatmn timing is:nof desired, said :
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o i'e',"st-'-m'entioned ‘circuit  including.
means having a thermal coefficient of resist-

ance such that current of relatively high value

is permitted to pass for energizing said directive-

1y operated means but the current is thereafter

 reduced sufficiently to maintain energized said

directively operated means while not exceeding

- & safe value Wlth respect to contmuous energlza-
| -tlon -
. 84, In 3 telephone system he,vmg a celled 11ne,
a, called station, a calling line, a calling station

Including means for transnuttmg a series of

resistance

52

mg movement of sald brush successwely to enge.ge E
said bank contacts Wwhereby said relay is ener-

- glzed whenever said brush engages a bank con-

tact correspendmg to an idle link, |
- 36. In a telephone system, a plurahty ef sub-

seribers’ llnes a plurality of finder-selector links
for finding a calling subscriber’s line, means for |
‘allotting one of said-links to each call, each finder -

- and each selector including a, step-by-step switch,

10

each switch having a normally closed off

-normal

~contact corresponding to movement in each di-

pulses corresponding to the called station, means

for finding the calling line in response to a calling

condition on said calling line and for extending
said cellmg line, a connector including a first

directively epereted step switch for connecting -

sald extended calling line and said called line

in response to the receipt of said pulses, a busy
- test relay for determining whether said called

20-

line is busy or idle, a second dlrectlvely operated :
| StEp switch having a first operating circuit for

causing said second switch to move to a position

‘rection and which is caused to open by movement

of sald switch in its said respective directions,

- means for releasmg said switches to their normal

positions after a stepping operation, said releas-

ing means including a contact which is closed R
- during the stepping of said switch, and means
-for testing for an idle link, the last-mentioned -
means comprising a step switch having a movable.

brush and a plurality of bank contacts for testing:
the idle condition of said links, each bank con-
tact being connected to a different link, and a

~ series circuit including said movable brush and

to apply ringing current to said called line, and

an answering reley energized when the called

station answers, a release circuit for returning

25
- contacts of the link being tested, and means for

sald second sw1tch to its home position and for

removing ringing current from said called line

when the called station answers, means for re-

~ operating said busy test relay after the operation
of said answering relay, means including said :
busy test relay for maintaining open said release

8 contact of said step switch, a source of poten-

tial, a relay, and the selector and finder rélease

causing movement of said blush successively to

engage said bank contacts whereby said relay is.

- energized whenever said brush engages a. bank

cireuit for said second step switch after re-ener-

gization of said busy test relay, a second operat-
ing circuit for said second switch including con-

tacts of said busy test relay, contacts of said

answering relay and a ballast resistance, a source
of - timing
ing means and also said qrst step switch for in-
troducing said ' timing pulses into said: second
circuit when said first switch is positioned on a
predetermined level in order to step said sec-
ond switch, means for applying a steady poten-
- ‘tial to said second circuit through sald first step

switch when said first step switch is positioned

at another level whereby said second switch ad-

pulses, means utilizing said find-

356

contact corresponding to an idle link. |
37. In a telephone system, a plurahty of sub-

scribers’ lines, a plurality of ﬁnder—seleetor links
- for finding a calling subscriber’s line, means for

allotting one of said links to each call, each finder
and each selector including a step-by- -step switch,

- each switch having a normailly closed off-normal
~contact corresponding to movement in each di-.

40
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vances one step and is then held at that posi-

tion, said ballast resistance having a thermal

rection and which is caused to open by movement
of said switch in its said respective directions,
means for relee,smg said switches to their normal
positions after a stepping operation, said releas-

‘ng means including a contact which is closed | |
during the stepping of said switch, and means for

testing for an idle link, the lest-mentloned means
comprising a step switch having a movable brush

‘and & plurality of bank contacts for testing the
idle condition of said links, each bank centact o

- being connected to a different link, and a series

| coemclent of resistance such that the timing

~ pulses readily pass therethrough but the resist-
ance is effective under the condition of steady po-
tential to limit the flow of current in said sec-
ond operating circuit. -

39. In a telephone system 8, plurahty of sub—
scribers’ lines, a plurality of finder-selector links
for finding a eelllng subscriber’s line, means for

allotting one of said links to each call, each finder .

and each selector including a step-by-step switch,
~ each switch havmg a normally closed off-normal

contact eorreSpondmg to movement in each direc-

tion and which is caused to open by movement of

said switch in its said respective directions, means
for releesmg sald switches fo their normal posi-
tions after s stepping operation, said releasing
“means including a contact which is closed during
- the stepping of said switch, and means: for test~
- ing for an idle link, the last-mentioned means
comprising a step switch having a movable brush -
and a plurality of bank contacts for testing the

idle. condition of said links, each bank contact

“being connected to g different link, and a series -

~circuit. including said movable brush and a con-
~tact of said step switeh, a source of potential, a

50
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circuit including said movable brush and a con-

tact of said step switch, a source of potential, a

‘relay, one of said release contacts and one of said
-normal contacts of the link being tested, and

- means for causing movement of said brush suc-

cessively to engage said bank contacts whereby
said relay is energized whenever said brush en-
gages a bank eonteet cerrespendmg to an 1d1e

- link.

38. In 2 telephone system a, plurellty of sub-

- -Scribers’ lines; a plurality of finder-selector links

60

for finding a calling subscriber’s line, means for

‘allotting one of said links to each call. each finder

and each selector including a step-by- -step switch,

- each switch having a normally closed off-normal

- contact corresponding to movement in each di-
-rection and which is caused to open by movement )
of said switch in its said respective directions, -
- means for releasing said switches to their normal.

65

p031t10ns after g steppmg operation, said releas-

- ing means including g contact which is closed

during the stepping of said switch, and Imeans -

for testing for an idle link, the last-mentioned..
means comprising a step switch having a mov-

~ able brush and a plurality of bank: contacts for

relay, and the selector: and finder off-normal con-

tacts of the 1link being tested, and means for caus-

~ testing the idle condition of said links, each bank -
75. contact being connected to a diﬁerent link, and-
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a series circuit including said movable brush and
a contact of said step switch, a source of poten-
tial, a relay, one of said off-normal contacts of
the link being tested, and means for causing
movement of said brush successively to engage
said bank contacts whereby said relay is ener-
cized whenever said brush engages a bank con-
tact corresponding to an idle link. |
39. In combination with a switch device having
a set of contact brushes positioned responsive to
a primary stepping movement and a secondary
stepping movement, and an auxiliary contact
brush positioned only according to said primary
~ stepping movement, means utilizing said auxili-
ary brush for limiting the secondary 'stepping
movement whenever said primary stepping move-
ment is positioned at a dead level, and means
for transmitting a tone to apprise a subscriber
causing operation of said device that sald device
is positioned at a dead level, said last-mentioned
means comprising a second auxiliary contact
brush set positioned similarly to the position of
" the first mentioned auxiliary set.
40. In a telephone system, & plurality of lines,
o finder circuit for finding a calling one of said

2,587,850
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lines, a connector circuit for completing a con-

nection from said calling line to a called line,
each circuit including a two motion switch, each
switch comprising a set of contact brushes adapt-
ed to be positioned responsive to a primary step-
ping movement and a secondary stepping move-
ment, said finder and said connector switches

each having an auxiliary contact brush adapted

to be positioned according to said primary step-
ping movement, means for timing the conversa-
~ tion period on certain of said lines, the remain-
ing lines being entitled to unlimited conversation
time, a source of potential, a step switch, a first
circuit for periodically connecting said step
switch through the connector auxiliary brush set
to said source of potential and a second circuit
for also periodically connecting said step switch

30
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to said source of potential through the finder
auxiliary brush set and the completed connec-
tion whereby said step switch is caused to step to
time a completed connection including one of
said certain lines, means for dismissing the com-
pleted connection to or from said certain lines
after a predetermined number of steps of said
step switch, and means for connecting said step
switch directly to said source of potential through
at least one of said auxiliary brushes when the
completed connection includes one of the remain-
ing of said lines. | L
FRANK A. MORRIS.
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