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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 switch individual to 

each subscriber’s line or a line finder common 
to more than ene 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 or more selecting units for 
selecting an idle one of a desired 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 switches which 
are driven by magnets individual to each switch 
and which may be controlled directly by pulses 
of voltage sent out from the calling. subscriber's 
station in response to the operation of the sub- 

scriber’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 subscriber’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 

level 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 

switching unit in :the .switch train. -Now,. the 

second digit is -dialed and the wipers of the 

second selector or the next switching unit,.as the 

case may he, 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, if 

he is one of several on a party line. In the.case 

“of a single party. line, the two remaining. digits 

-of the called.subdseriber’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 

called line, whereupon ringing of the called line 

takes place. In the event that the called sub- 

seriber is one of several persons on a. party 

line, a final frequency or.code selecting digit is 
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2 
selector switch associated with the connector is 

operated to select the desired means of ringing 

the bell at the called station. . 

It can be seen from the foregoing that each 

“rank selection” is sufficient unto itself, that 

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, operate 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 dialed, complete- 

ly under the control.of the calling subscriber’s 

dial, there being no hunting action over the con- 

tacts of the particular level selected. 

The line finder is a non-numerical switch, 

that is, it performs neither a level-selecting op- 

eration nor a contact-selecting operation under 

the control of the calling subscriber’s dial. This 

switch 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 subscriber’s inter- 

vention. Line switches perform in a similar man- 

ner, except that they are individual to the call- 

ing line rather than common to a group of call- 

ing lines. 

It ig an object of my invention to provide a 

new and improved automatic 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 contains new and improved 

features. 

Another object of my invention is to provide 

an automatic telephone system employing new 

and. improved methods and apparatus for han- 

dling trunk calls on a different basis than calls 

originating with subscribers’. 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 is to 

provide an automatic telephone system having 

new and improved line finding circuits in which 

off-normal switch contacts are combined with 

eleven level contact banks in order. to. provide 

dialed by the calling .subseriber.and.an additional 55 trunk call identification to succeeding switches,
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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 provide 
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 timing from both ends of a 
switch train. 

Still another object of my invention is to 
provide an automatic telephone system employing 
a new and improved ring-trip circuit. 

It is also an object of my invention to provide 
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 subscriber when- 
ever a dead level is dialed. 

Another object of my invention concerns the 
provision of new and improved means for digit 
absorbing. or cancelling and digit adding. 

GENERAL DESCRIPTION 

In accordance with my invention, there is pro- 
vided a system employing step-by-step 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 
herein a 1000-line system and there is provided 
a suitable number of finder-selector links, as 
twenty, for example. There is provided an allot- 
ting circuit for pre-selecting an idle link for the 
next initiated call. In order to increase the rate 
of handling calls, the allotter has duplicate re- 
lays for all functions, thereby constituting a dual 
allotter in which each half is normally brought 
into action by half of the lines, there being, for 
example, 50 lines assigned to each allotter.. Pro- 
vision is made for transferring all the lines to 
one-half of the aliotter under certain conditions. 

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 correspond- 
ing to the called subscriber. 

Line circuit—In connection with a system such 
as that. described herein, there is provided a line 
circuit at the terminating, as well as at the orig- 
inating, end. of each cali. 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 
finder step-by-step switch; to transmit all links 
busy. tone to a subscriber when all of the finder- 
selector links are in use; to transmit coin box 
tone to a manual operator when the system is so 
arranged; to prevent the indefinite holding of 
a line finder and selector combination when a 
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 grounds on ter- 
minating calls in order to prevent the unneces- 
Sary use of the line finder-selector links. 

Line finder—The line. finder, as indicated 
above, is employed to find the calling line. In 
addition to this primary function, the line finder 
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4 
is used to attach the tip and ring conductors or 
leads to the calling line; to conduct a busy-test 
to prevent cutting through metallic connections 
if a connector has seized the calling line during 
the process of line finding; to cut tip and ring 
conductors through to the connector on a metal- 
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 
busy and link test marking paths to the allotter. 
The. line finder may be provided with means for 
discriminating restricted levels in the selector 
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-impulise 
the selector associated 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 ; 
to drive the line finder. in one direction only 
to attach the link to a calling trunk as distin- 
guished from a calling subscriber’s line; to re- 
cycle if the line or trunk is not. found within 
&@ 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. 

Selector.—The purpose of the selector circuit, 
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 
selected group for an idle trunk in the level se- 
lected by the dial, and then to establish a con- 
nection to the succeeding switching equipment. 
There may also be provided provisions for digit 
cancelling, digit adding, permanent time release 
and the transmission of link idle and link busy 
indications to the allotter. 
Connector.—The primary functions 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- 
hector may be of various types depending upon 
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 
ringing may be of any suitable type such as the 
2,4, 5 or 10 party full-selective or 10 or 20 party 
semi-selective types employing multi-frequencies 
or combinations of long and short rings to secure 
the desired party. 

P. B. X trunk hunting allows the assigsnment 
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, in which 
case, the connector tests the lines in succession 
until 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 
than the first in the group is called, that line
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only.is tested. This:feature.allows-the.listing-in. 

the. telephone. directory: of all. telephone lines, ex~- 

cept the. first; as:night. lines: for, particular indi-. 

viduals. whereby. at: such. times . they- receive. the: 

penefit of individual lineservice. 

The conversation timing feature allows for pre- 

cision timing of telephone calls, either when orig: 

inated by. or completed to subscribers,.on party 

lines. Conversation timing..may, be of: any-pre- 

determined. duration.and a warning tone. may-nve. 

given to both parties.at-predetermined times. dur-. 

ing the.timed:interval. Any. line-may,be- equipped. 

with time. cancelling by. means. of. which: calls, 

originated by-or. completed to any;line so equipped: 

have the timing feature rendered; inoperative. so. 

that conversation may-continue: uninterrupted for. 

any. desired period. 
There are illustrated two types.of revertive.call 

circuit, One, which may: be called, special, num-. 

ber revertive calling, is designed-to. allow two sub- 

scribers. on the same: line. to:.call. each, other. by. 

dialing a special number consisting. of. a. prelimi- 

nary: digit. followed. by- a digit, corresponding -to 

the calling. subscriber’s number. and, a’. third. 

digit corresponding; to- the. called subscriber’s- 

number. As soon- as. the. calling. party. hangs 

up after dialing; both: subscribers’ bells ring. 

When. the. call is answered, ringing. ceases: and. 

the calling: party is thereby. informed that. the. 

call is completed. The second method, known. 

as directory number revertive. calling, differs from 

the foregoing method-or- type, in that, it is: nob: 

necessary for the calling. subscriber: to dial a 

special number. He merely dials. the number. of. 

the. wanted subscriber and.hangs ,up., upon. re~ 

ceiving the busy.tone. After.an.interval, which: 

he assumes is sufficient to enable the called party. 

to-answer, he again removes:his: receiver,and-con- 

versation commences, if- the: called: party has. 

answered. 
In, addition to the foregoing functions of. the: 

connector, note. is made, of: provisions. to: deter- 

mine that the called: line-is not engaged: and; .to: 

inform: the. calling, party of: the existing: condi-.- 

tion-of the called ‘line; to place a distinctive con-. : 

dition on the selected.-line. to prevent seizure by: 
other connectors; to provide. current for-holding: 

preceding circuits of: a: switch: train:operated;. to: 

break down automatically. an- incomplete. con- 

nection after a-predetermined, period: has:elapsed;. 

and to break down-automatically a complete con- 

nection after a, predetermined conversational, 

period has elapsed. 

Common: equipment, is provided to make: avail-. 

able the necessary tones, alarms .and timing. con- 

trols when such are:common to, several circuits: 

Further objects. and advantages as well.as.a 

detailed understanding. of my- invention ‘will be. 

apparent from a study-of the: following descrip- - 

tion when read 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: invention, Fig: 2, is.a 

chart showing: the- relationship -of the. various. 

figures. of the.drawings,and which-enables:4 com-- 

plete wiring diagram to. be.assembled. if. the: vari- 

ous: figures of: the drawings, are. placed - ‘inthe in-. 

dicated locations, Fig. 3-illustrates; the: line, circuit- 

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

and associated-circuits, Figs. 5 and: 6-illustrate the : 

various component: parts: of a. selector embody- 

ing the principles. of my invention, Figs; .7 and::8: 

and. 9: show. a,.connector. circuit: illustrating. the. 

principles of my invention, Fig, 10 shows.a ter-. 

minating line. circuit, Figs. 11, 12.and: ‘13 illustrate. 
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a dual -allotter for. use- in. the. system described: 
herein; Fig. 14 illustrates. equipment..which is 

common. to. the system, Figs, 15 and 16 illustrate 
an_ alternative, reverting. call circuit and Figs. 17 

and 18. illustrate modifications of features of the 

circuits shown-in -Figs. 4; 11 and 12 and Figs. 7, 8 

and-9 respectively. 
With respect: to Figs. 5 and 6 relating. to: the 

selector, it. is desired.ito 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 E and “D,” “W,” and “X” wiring is 

used, but if:the special revertive call circuit ilus- 

trated in Figs, 15-and 16 is furnished, the parts 

shown within rectangle FE are omitted and “D,” 
‘W” and “Y” wiring is used: If the trunk hunt- 

jne-feature-is utilized, the parts shown in rectan-: 

ele F are.included-and wiring “C” is used instead 

of “D:.” If dual timing. is made part: of the: sys- 

tem, wiring.“D” is used, but if this service is not 

provided, wiring. “W”> is. used. If. conversation: 

timing-is furnished, wiring “V” is. used in place 
of: wiring ow? 

Step-by-step switch 

It is believed that a complete understanding of 

the ‘principles .of:my invention requires not. only 

an_explanation. cf;a.complete telephone system, 

but. also a description of:a suitable step-by-step 

switch. There is. illustrated.in Fig. 1, a. switch 

specially adapted for use in the system embodying 

my invention and known by the trade name “XY” 

switch. This:switch derives: its. name.from 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-hand rec- 

tangular ‘co-ordinate system-are KX and. Y direc- 

tions, respectively. 
There is provided: a:carriage 1, which makes the 

primary and secondary stepping movements and 

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 contacts 

that make connection directly: onto bare. wires. 

which run: in banks. behind: the switches. The 

bare wires: may be arranged: in molded frames 

which may be-rigidly mounted to the. cells which 

in turn hold-the: switches. 

The-carriage is:;driven by the cog-roller or tubu- 

_ lar shaft-assembly 4-whichslides-along. the shaft 

5 during :the:-X motion.. The.cog-roller 4 is shown 
in the form of a double-cut tubular gear: with 

ratehet..teeth:cut parallel ‘to its length. and :rack 

teeth cut-as-rings. The.annular.rack teeth: mesh 

- with and: are-driven,in the X- motion. by. a. suit- 

able. sprocket-or gear &; For.stepping in-the X. 

direction, the. % magnet 7, located in. the upper 

left: corner of the plate--8, operates, through. a 

pawl 9; the rat tchet wheel. 19:.which is-suitably - 

mounted on the-sprocket, assembly... In response: 
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to repeated pulses the magnet 7 steps the cog 
roller assembly 4 along the shaft 5, positioning 
the wipers on the carriage: { successively 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 eleven 
pairs of wires that are lineq up before a pair of 
wipers constitute a wire bank. 

The “XY” switch is nominally. a 100 point 
switch, i. e., is normally given ten steps in the X 
direction and ten steps in the Y direction, thereby 
making possible the selection by the wipers, of 
any one of 100 lines. 

To mark the level of X travel, for finder opera- 
tion, timing or discriminatory purposes, an aux- 
iliary set of contact. brushes adapted to be posi- 
tioned according to the position of the primary 
Movement or set of brushes, and indicated by 
the numerals {{ and {fa, enters a separate bank 
comprising X and XX levels. Wipers |! and tia 
are operated by a.pinion 12 assembled with the 
sprocket 6 through a rack 13 to which it is at- 
tached. Thus, as the X magnet steps the sprocket 
6, both the cog roller 4 and wiper rack.13 move, 
roller 4 to the right and rack 13.upwardly, as 
viewed in the drawing. .When the X wiper If 
has found the proper level, thereby positioning 
the wipers on the carriage before the proper wire 
banks, the X magnet 7 is de-energized and the Y 
magnet 15 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, 
turning it, and thus driving the wipers 2 and 3 
into the wire banks through the interaction be- 
tween rack 20 and pinion 21. 

The X position of the wipers is shown by ref- 
erence to a scale {7 attached to the mechanism 
plate and the Y position by reference to a num- 
bered drum 18 located on the tubular shaft as- 
sembly. Thus, the position of the wipers is de- 
termined directly and quickly. 

It should be recognized that the momentum of 
the switch, if not arrested, would carry each step 
beyond its limits. This is more easily realized 
when one considers 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 armatiire 
35 of the X magnet engages a tooth of the 
sprocket at the bottom point of the armature 
travel. The sprocket motion is, therefore, locked 
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 28. on the end of the cog 
roller 4 locking the. rotation of the cog roller, 
and thus the advancement of the wipers, at the 
completion of each Y armature stroke, 

There are provided X off-normal contacts or 
switches 25, Y off-normal contacts or switches 
26, over-flow switches 27 and release springs or 
switch 28. 

The off-normal. and overflow switches: 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 30. 

The X and Y off-normal springs 25 and 26, 
respectively, perform similar functions, that of 
informing the relay equipment associated with 
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8 
each switch as to the position of the brushes 
or wipers. Operation of the X off-normals, for 
instance, indicates that the switch has taken. at 
least a single step in the X direction. Operation 
of the Y off-normals similarly indicates that at 
least a single step has been taken in the Y direc- 
tion, 

The circuit function of the off-normals differs 
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. There is, however, one 
circuit function common to all switches and that 
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 heating.. Both the 
xX and Y off-normals.are used in this function 
since the switch can be moved independently in 
either direction. 

In the event of certain incorrect manipulations 
or an all-trunks-busy condition, hunting switches 
may progress the entire length of the bank with- 
out encountering a stopping signal. Unless some 
means of correction were provided, they. would 
continue to hunt vainly. until the circuit was de- 
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 
xX or Y step), interrupt the magnet current in 
order instantly and permanently to stop useless 
stepping until the switch is released. 

The release springs 28 have two important 
functions in connection with the release of the 
switch. First, it is necessary to continue the 
release signal until the switch is fully home de- 
spite any re-energization of the circuit which 
might occur. Second, there must be positive pro- 
tection against premature seizure of a switch 
before it is fully home. In the “XY” switch, the 
first. is accomplished by a release spring contact 
establishing a self-locking electrical circuit which 
keeps the driving pawls 9 and 16 removed from 
the ratchet wheel (X motion) and the cog roller 
(Y motion). The lock is interrupted 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 everything is 
normal. When the release magnet 30 is. ener- 
gized, stop members 31 and 32 are removed from 
engagement with cog roller 4 and sprocket {6, 
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) coiled around the shaft of 
the sprocket 6. 

DETAILED CIRCUIT DESCRIPTION 

In the following detailed description, a call is 
traced from the calling party’s.station to the 
called party’s station.. Revertive calling is then 
discussed and finally circuit refinements to pro- 
vide special features and to take account of spe- 
cial conditions are described. 

The telephone system herein described in de- 
tail comprises a single selector and, therefore, 
serves a 1000-line system and réquires the trans- 
mission of four digits, one to select the desired 
group of connectors, the second to determine the 
tens digit of the called: number, the third to se- 
lect the units digit of the called number, and
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‘the fourth to ring the called line. ‘The-princi- 

ples of my invention, of course, are not limited 

+o the particular choice of circuits described here- 

in as a system and my invention is equally aplica- 

‘ble to any desired combination of the various cir- 

cuit components. 
Tn ‘describing the circuits involved, the various 

relays are designated by letter combinations. 

The first letter indicates the part of the system 

in which the relay is located, i. e., I) indicates 

line circuit, F indicates finder, A indicates allot- 

ter, S indicates selector, C indicates ‘connector, R 

dndicates a special reverting call circuit and B 

refers to common equipment. Following the ini- 

tial letter are one or:more letters which are usu- 

ally ‘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 associ- 

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. 

Tt may be noted that in the described system, 

when the battery is connected into the system 

but no calls are being made, the ALB and ALI 

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 (a, link 

comprising a finder and a selector). The other 

relays are energized at various times during the 

progress of a call. Hence, in the drawings, the 

armatures of the ALB and ALT 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 

circuit description refers to the negative gide 

of ‘battery. The ‘positive side of battery is 

‘grounded and hence the term “sround” refers to 

positive battery. 

Line circuit 

Referring to Figure 3 of the drawings, a‘call 

is initiated by removing the receiver from 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 

LL. Relay LL is a two-winding relay. One 

terminal of the lower winding is connected to 

battery and the other terminal is connected to 

the ring lead R through contact LCO—4 and 

armature 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 to ground. 

Tf all-links-busy tone is to be provided, the fore- 

going circuit is grounded through a transformer 

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 

Jead LST to the dual allotter in order to cause 

a, pre-selected ‘finder to hunt for the calling line, 

grounds 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—I, contact LL—2 of line relay LL, 
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armature LLO—#, and contact LLO—5-of lock- 
out relay LLO to the ‘contact in the X bank of 

“the line finderswitch'FSw corresponding to the 

calling line. The hunt lead H is grounded as 

follows: ground “at armature LL—, contact 

LL—4, armature LLO-—{1, and contact LLO—12, 

‘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 

‘a, start relay “in the allotter (Figs. 11, 12 and 

13) which ‘initiates the energization-of the line 

finder ‘switch (Fig.'4) chosen by the allotter to 

‘serve the call. The start lead is traced-over the 

following circuit: ground at armature LL—I, 

contact Il-2, armature LLO—4, ~contact 

‘LEO—5, resistor 43, and start lead LST, to the 

allotter. 

When’the calling line is found, as will be more 

fully “describéd ‘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 

sleeve lead ‘S operates ‘the cut-off rélay ‘LLCO 

over a vircuit extending from ‘grounded ‘sleeve 

5 lead S, armature LLO—8, contact LLO—9, wind- 

‘ine of ‘cut-off relay LCO to battery. If-provision 

4s made for the transmission of coin box tone 

‘to an operator, the cut-off relay LLCO “is ‘con- 

nected “to ‘battery through ‘a transformer wind- 

ing as indicated in dotted lines in Fig. 3‘instead 

of ‘directly as shown by the solid line. Cut-off 

relay LCO locks up through a circuit extending 

‘from grounded sleeve lead “S, ‘through contact 

LCO—9, armature LCO—8, and winding of-relay 

“CO ‘to battery. Operation of the cut-off ‘relay 

ig now independent of ‘subsequent operation of 

‘lock-out relay LLO. 

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

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

disconnected from the line relay LL by the open- 

ing of the line circuit at contacts LCO—2 and 

LCO—4. De-energization of relay LiL: removes 

ground from the marking leads atcontacts LI? 

and LL—4 respectively. 
The energization of -cut-off relay LCO ‘also 

causes ground ‘to “be placed on the winding of 

Jock-out relay LLO, the circuit extending from 

the grounded ‘sleeve lead S through contact 

LCO—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 

LCO at contact LLO—§ but the cut-off relay 

LCO remains locked up ‘as explained above. 

Tiock-out relay LO locks up to the grounded 

sleeve lead'S through its own armature LLO-——8 

and ‘contact LLO—T and hence is independent 

of any subsequent action of cut-off relay LCO. 

Allotier and line finder 

In the “at rest” condition of the allotter, i.-e., 

‘circuits connected but no calls -being made, the 

allotter is cut-through to-an idle link comprising 

an interconnected finder and selector by ‘means 

of ‘contacts and° brushes of the rotary link 

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 ALT 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
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over a circuit extending through contact DK—t 
and arm DK—2 of the disable key DK, arma~ 
ture A’S2—I8 and contact A’S2—I9 of start 
relay A’S2, ALB lead to the finder (Fig. 4), 
armature FYon—3 and contact FYon—A of the 
finder Y off-normal switch FYon, contacts of the 
make busy switch FMB, ALB lead from the finder 
to the selector (see Figs. 5 and 6), armature 
SYon—i and contact SYon—2 of the selector 
Y off-normal switch SYon, conductor 36, contact 
SD—3 and armature SD—4 of selector delay 
relay SD, and contacts of the selector make busy 
switch SMB to ground: Inasmuch as all finder- 
selector. links are multipled, if any link is not 
operated or employed, relay ALB is energized 
through at least one closed off-normal contact 
in the finder and the selector. 

The operating circuit for link idle relay ALI is 
as follows: battery, upper winding of ALI, arma- 
ture APTI and contact APT—2 of the perma- 
nent timing relay APT, armature AS2—4, con- 
tact AS2—8, arm and contact 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—6 of the 
finder Y off-normal switch FYon, armature 
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, 
spring or armature SYon—4 of the selector Y off- 
normal switch SYon, contact SZ—! and arma- 
ture SZ-—2 of release magnet SZ to ground. In 
order to make link idle relay ALI pick up as 
_Yapidly 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—{ and contact ALI—2. 
When the relay ALI picks up, the parallel circuit 
is broken at contact ALI—2: 

The all links busy relay A’LB and link idle re- 
lay A’LI for the right-hand half of the dual al- 
lottier are similarly connected. 

Since a finder and a selector are permanently 
connected together, one set of off-normal con- 
tacts can be omitted in both all links busy and 
link idle circuits as well as one release or Z con- 
tact from the link idle circuit. However; pro~ 
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 inoperative or ineffective for any 
reason. 

At this stage of operation, the allotter-selector 
switch ALS stands at a position corresponding to 
an idle link and the ALB relay is energized. In 
other words, a pre-selected link is prepared for 
the receipt of a call. As previously stated in de- 
scribing the line circuit, the line circuit grounds 
the line start lead LST through a resistance 43 
and imposes solid ground on X and H terminals 
in the X and H banks of the line finder. Resist- 
ance ground is thus brought in from the line cir- 
cuit over the line start lead LST to complete a 
circuit for. start relay AS{t through armature 
ALB—5, contact ALB—6, contact AA—3. and 
armature AA~-4 to the winding of start relay 
ASI, the other side of the relay winding being 
connected to battery. The start relay AS[ is 
energized over the foregoing circuit and closure 
of its armature AS{— and contact AS{i—-4 com- 
pletes an obvious circuit for energizing start relay 
AS2, 

As a result of-the energization of relay AS2, the 
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pre-impulse lead PI is grounded to operate the 
selector calling relay SC. The circuit for relay 
SC extends from ground in the allotter through 
armature AS2—1{, contact. AS2—2, resistor 59, 
brush and contact of section 53 of selector switch 
ALS, the PI lead to the selector (Figs. 4 and 5), 
and the lower winding of relay SC to battery. 
Operation of relay SC causes energization of the 
selector delay relay SD over a circuit extending 
from the winding of relay SD through armature 
SC—I, contact SC—2, contact SZ—{ and arma- 
ture SZ—2 of the selector release magnet SZ to 
ground, the other terminal of winding SD beirig 
connected to battery. Operation of relay SD re- 
Moves ground from the release lead Z extending 
between the finder and the selector at contact 
SD—4. . 

Referring to the allotter start relay AS2, it is 
noted that in order to permit the link selector 
switch ALS to select the next idle link as soon as 
possible, 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 cireuit 
over the FLI lead, allowing the link idle relay ALI 
to release. The picking up of relay AS2 also 
completes a circuit for energizing the allotter de- 
lay relay AD, which is slow to operate, as indi- 
cated, in order to permit pre-impulsing, i. e., the 
energization of the selector calling relay corre- 
sponding to the next idle link, as well as slow to 
release. This circuit extends from’ battery 
through the winding of relay AD, contact AX—1 
and armature AX-—2 of the allotter X-stopping 
relay AX, armature AS2—§, contact AS2—5, con- 
tact ASiI—4 and armature AS!—3 to ground. 

Operation of relay AD places ground on the 
stepping magnet. FX in the finder (Fig. 4) 
through a circuit extending from ground at ar- 
mature AS!—3, through contact ASI—4, contact 
AS2-—5, armature AS2—6, armature AD—4, con- 
tact. AD—3, armature ANEI--2° and contact 
ANL—I! of the allotter normal level relay ANL, 
armature AX—4, contact AX—5, brush and con- 
tact of section 51 of switch ALS, the X lead to the 
finder, and interrupter switch FX—1 of magnet 
FX to the magnet winding of FX. The other 
terminal of the winding of. magnet FX is. con- 
nected to battery through the finder overflow 
switch FOF—!. 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—4{. The resulting de-energization of 
the magnet releases the armature and re-closes 
the driving. circuit. Thus, each impulse causes 
the switch to move forward one step. 

The X brush of the finder switch FSw even- 
tually engages the X terminal.or contact marked 
with ground by. the line circuit, thereby com- 
pleting a circuit to energize the X-stopping re- 
lay AX. One side of the coil of relay AX is eon- 
nected to battery. The other terminal. of the 
winding of the AX relay extends to the above- 
mentioned ground through contact AS2—14, 
armature AS2—(3, brush and contact of section 
58 of ALS, the XB lead to the finder, the X brush, 
and the tens-mark or X-mark lead in the line 
circuit. The winding of relay AX preferably has 
a low resistance, for example approximately (40 
ohms, in order to permit a relatively large num- 
ber of ampere turns and a relatively low induc- 
tance so that. prompt action of the relay is ob- 
tained to insure stopping the finder switch at the 
proper point and avoid overshoot. Operation
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of relay AX removes the. driving ground. from 

the X Tead, 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 of 

relay AD by opening its energizing path at con- 

tact AX-—1. 

The release of relay AD. initiates .cperation 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—t, 

the Y lead: tothe allotter, contact.and brush of 

section .52 of selector switch ALS, armature 

AA—{. and contact AA—2 of allotter. advance 

relay AA, contact AD—2, armature AD--1, con- 

tact AX—3, armature AX—2, armature AS2—6, 

contact AS2—5, contact ASi—4 and armature 

ASI—3 to ground. The other side of the. step- 

ping magnet FY is connected to battery through 

overfiow switch FOF—I. 

When the H brush of the finder switeh. contacts 

the H terminal or contact :in the hunt bank of 

the finder switch whichis marked with ground 

by the line circuit, the allotter advance relay AA 

is energized. One terminal of the winding of 

relay. AA is connected to battery. The. circuit to 

ground for the other terminal of the winding in- 

cludes contact AA—8, armature. AA—T, brush 

and contact of section 571 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 LLO—i{, contact LL—4 and-armature 

Li.-3. Relay AA locks :to ground through con- 

tacts AA—8 and AA—9, contact ALI—4, arma- 

ture ALI—3, contact ALB—I3 and armature 

ALB—(i2 to ground. : 

The operation of the-allotier advance relay AA 

berforms several functions. Motion of the selec- 

tor switch FSi in the VY direction is halted 

by the opening of the driving circuit at armature 

AA—{f. The line start lead LST is: also opened 

at contact AA—, which results in the -de-ener- 

gization of start relays AS!.and AS2. -At .this 

point attention is called'to the necessity of open- 

ing the start lead before accepting the next call, 

even though.a, call may be awaiting service, be- 

cause relay ASI would otherwise remain.operated 

and disable the system until all calling parties 

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 conductors, 

T and R,. respectively, of the selector. This is 

accomplished by grounding the cut-through lead 

CT as follows: ground at armature AS2—7, con- 

tact AS2—8 (relay AS2 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—5, brush and contact of section 56 of se-~ 

lector switch ALS, CT lead to the finder, upper 

winding of finder cut-through relay FCT, sleeve 

brush § of switch FSw, contact or terminal in 

the sleeve bank.of finder switch FSw, the sleeve 

lead S& to the line circuit, armature LLO—8, 

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 
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‘sleeve lead § ‘to the-selector, contact SD—i6, 
armature SD—IT;:contact SPT-—-5 and armature 

SPT—4 of ‘the selector permanent timing relay 

SPT to ground. Ground on the sleeve .Jead S 

lights the busy lamp located at the selector make 

busy ‘switch SMB. 

Relay FCT locks to the grounded S lead from the 

pre-impulsed selector over the above-described 

circuit 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 FCT to battery. As described 

above,.ground on the selector: or front sleeve lead 

‘was extended back tothe line circuit .through 

armature FCT—7 and contact FCT—$ to ener- 

gize line ‘cut-off relay LCO.. Operation of the 

relay LCO de-energizes. line relay LL to remove 

er ound from the start lead LST and the X-mark 

and hunt+«mark leads. The line circuit sleeve 

lead ground holds up the cut-off and lock-out.re- 

lays. 

Energization.of cut through relay FCT cuts 

through the T and R leads.on a metallic basis 

to the -pre-impulsed. selector at armatures 

FCT—! and FCT—8, respectively, at contacts 

FCT.-2 and FCT—Wi, respectively. The XX 

brush of -the finder switch FSw is cut through 

to the selector hunt lead H by the closure of 

armature FCT—9 and contact FCT—8 to effect 

restriction or timing discrimination, if provided. 

It was previously stated that operation of 

relay AA effects 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 switch 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 is con- 

nected. to. battery...'The other side of the wind- 

ing reaches ground through the interrupter con- 

tacts of switch ALS, contact AS2—12, armature 

AS2—I1, contact AA—§, contact AA—8, arma- 

ture. AS2—9, contact AS2—1i0, contact ALI—4, 

armature ALI—3, contact ALB—I3 and arma- 

ture ALB—i2.. The driving circuit for the se- 

jector switch stepping magnet ALS is. obvious. 

Switch ALS continues to step until ground is 

found on the LI and_FLI leads, a condition which 

causes energization of relay ALI. and opening 

of the driving circuit for relay APA at arma-~ 

ture ALI—3. 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 selector switch is off 

normal or any switch or circuit plate is 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 to re- 

lease by opening the. circuit for. the winding of 

relay AA at contact ALI—4. Deenergization of 

relay AA prepares the start lead circuit for start 

relay AS! 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 

calling relay SC as described heretofore, and 

that the tip, ring, sleeve and hunt leads T, R, 

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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armature SC—-3. and contact SC—4. Master 
ground as used herein, means a ground avail- 
able only when the circuit is energized, i. e., a 
switched ground. 

Operation of the SC relay effects energization 
of the selector delay relay SD over a circuit ex- 
tending from the winding of the SD relay 
through armature SC—i, contact SC—2, con- 
tact SZ—i, and armature SZ—2 to ground, the 
other side of the winding of relay SD being con- 
nected to battery. Operation of relay SD ac- 
complishes a number of results; master ground 
is established by the engagement of contact 
SD—2 by armature SD-—1i in parallel with the 
previously established master ground connection 
through armature SC—3 and contact SC—4: the 
ground connection. for the ALB lead between 
the selector and the finder is released at con- 
tact SD—8; a ground connection for the finder 
release magnet FZ is broken at contact SD—9§; 
the incoming or back sleeve lead S is grounded 
at contact SD—1i7 as previously described; the 
tone start lead BRS is grounded through con- 
tact SD—8, armature SD—17, contact SMT—t 
and armature SMT—2 of the selector metallic 
through relay SMT; a path is prepared for the 
operation of the permanent timing relay. SPT 
from one terminal of the winding of relay SPT 
through armature SD—15, contact SD—14, con- 
tact SPT—2, armature SPT—1, office pickup 
lead OPU to the common equipment panel (see 
Fig. 14) and the interrupter Tf which grounds 
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 ground in the 
selector results in the operation of. the selector 
X-delay relay SXD over a circuit extending 
from the lower winding relay SXD through off- 
normal contacts SXon—1 and SXon—2 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 
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—1 and arma- 
ture SH—2 of the selector hunt relay SH, con- 
tact SXD—3, armature SXD—2, condenser 18, 
contact SOF—4 and spring or armature SOF—3 
of the selector overflow switch SOF, contact 
SMT—IS and armature SMT—i! to the ring 
lead R. 

A circuit is prepared for stepping the selector 
step switch SSw in the X direction through con- 
tacts of the SXD relay. The upper side of the 
winding of the X magnet winding SX, as viewed 
in Fig. 5, is connected to battery 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 
SxXD—4, contact SXD—5, contact SC—8 and 
armature. SC—1 to master ground, but the cir- 
cuit is not complete at this time because the SC 
relay is energized and the circuit is open at 
contact SC—8, 

First digit—-The SC relay is connected across 
the T and R leads. The circuit including the SC 
relay extends from ground at one. coil thereof 
through contact SMT—10, armature SMT—8, 
back T lead, subscriber’s loop, back R lead, arma- 
ture SMT—1[1, contact SMT—13, and lower wind- 
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ing of relay SC to battery. During dialing, this 
circuit is completed and interrupted at the dial 
at-each impulse of the digit being dialeq and 
causes corresponding energizations and de-ener- 
gizations of the SC relay. Each time relay SC is 
de~energized, the above-described circuit for 
magnet SX is completed and at each energization 
of the SC relay, ground is removed from the SX 
magnet so that on each pulse the selector switch 
SSw is stepped one position or level in the X or 
primary direction. 

As soon as the switch SSw leaves its normal 
position, the SXon switches are operated.. ‘The 
path over which relay SXD was originally ener- 
gized is broken at off-normal contact SXon—1. 
This relay is made slow to release, however, and 
is kept up during dialing by the passage of pulses 
through the low resistance upper winding there- 

of, inasmuch as this last mentioned winding is 
in series with the magnet SX, 

Operation of the selector XX off-normal. con- 
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 
circuit extending from the relay coil through the 
selector overflow contact SOF—2 and armature 
SOF—I; and the circuit to ground extends from 
the other terminal of the winding of relay SH 
through armature SH—8, contact SH—4, inter- 
rupter spring or switch of the selector Y magnet 
SY, contact SXon—3, armature SXon—4, con- 
tact SXD—6, and armature SXD—7 to master 
ground. 

Energization 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 pulsing the 
selector switch in the Y direction. 

As previously explained, the SXD relay is kept 
up by the flux resulting from the passage of 
pulses through its low resistance winding. A 
short time after the cessation of pulses corre- 
sponding to the. first digit, relay. SXD falls 
down, thereby completing a-circuit.from ground 
to the SY magnet over a circuit extending from 
master ground through armature SXD—1, con- 
tact SXD—8, contact SH—? and armature SH— 
8. The other side of the magnet SY is connected 
to battery through the selector overflow contact 
SOF—2 and armature SOF—1, 

The switch SSw hunts in the Y direction for 
an idle connector using relay SH as a pulse assist 
relay. Thus, operation of the SH relay energizes 
the SY magnet. Energization of the SY magnet, 
and consequent opening of its interrupter con- 
tacts, opens the operating circuit for the SH 
relay. De-energization of the SH relay -opens 
the driving circuit for magnet SY which de-ener- 
gizes and permits its interrupter switch to close, 
again energizing relay SH. 

After the first step in the Y direction, the cir- 
cuit for relay SH extends from the left hand 
terminal of the relay winding over armature 
SH—3, contact SH—4, Y magnet interrupter 
switch, X off-normal. contact SXon—3 and 
armature SXon—4, armature SD—13, contact 
SD—-12, contact SMT—1, armature SMT—5 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 closure of armature SH—8. and contaci



2,567,650 
17 

SH—1 energizes the Y magnet SY. Opening of 

the Y magnet interrupter switch opens the ener- 

gizing circuit 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 Fig. 5, a circuit to ground extends through 

armature. SD—i3, contact SD—i2, contact 

SMT—1, armature SMT—5 to the grounded 

front sleeve. The other side of the coil is con- 

nected to ground through conductors 44 and 45, 

non-restricted contacts in the XX bank of the 

selector switch SSw, the XX brush of switch SSw, 

armature SXD—9, contact SXD—10, contact 

SD—16, armature SD—-17, contact SPT—5 and 

armature SPT—4. As long as ground is en- 

countered in the sleeve bank of switch SSw, there 

is no operation of relay SMT. However, the first 

mentioned terminal of SMT, in addition to 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  off- 

normal armature SXon—4, off-normal contact 

SXon—3, Y magnet interrupter switch, contact 

SH—4, armature SH—3, winding of relay SH, 

selector overflow contact SOF—2 and armature 

SOF 41 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 is 

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—I1 with contact 

SMT—12, armature SMT—5 with contact 

SMT—6, and armature SMT—1{5 with contact 

SMT—14, respectively. 

Energization of relay SMT also serves to 

ground the conversation timing start lead BCTS 

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

ture SMT-—2: to ground peg count lead PC over 5 

a circuit extending from lead PC through con- 

tact SMT—4, armature. SMT—3, contact SD—5, 

armature SD—4 and normally closed make-busy 

contacts to ground. 

Ground is briefly placed on the outgoing or 

front sleeve 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 

by way of leads 44 and 45, the XX bank, non- 

restricted lead, armature SXD—9, contact 

SxXD—16, contact SMT—6, armature SMT—5, 

front sleeve lead S, S brush and contact of 

switch SSw, the upper winding of relay CSL, nor- 

mally closed contacts of relays CRT and csD 

connected in shunt, contact CD—12 and arma~ 

ture CD—l1! 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 from ground at armature 
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SPT—A, through contact SPT—5, armature 

SD—1T, contact SD—16, contact SMT-——6, arma- 

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—IH! 

and SMT—8, and armature SC—I, respectively. 

Complete release of relay SD, after a time delay, 

removes the temporarily grounded sleeve at ar- 

mature SD—1I1, 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 cut through to the connector, relay CC is 

energized. Operation of relay CC establishes 

master ground from a circuit extending from 

local ground at armature CPT—1I, through con- 

tact CPT—2, armature CC—1I and contact CC—2. 

Energization of relay CC also results in the ener- 

gization of delay relay CD. The complete ener- 

gizing circuit extends from battery, through the 

winding of relay CD, contact CC—5, armature 

cC-—3, contact CPT—2, and armature CPT—1 

to ground. Relay CD is also connected to master 

ground 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 

master 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. . 

The connector X-delay relay CXD is energized 

from master ground over a circuit extending from 

the X off-normal armature CXon—-3 and contact 

CXon—4 through the lower winding of relay 

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 to 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—5, contact 

CPT-—6, contact CA—9 and armature CA—10 of 

the connector answering relay CA, contact 

CD—10, armature CD—9, and winding of relay 

CPT to battery. Any pulses of ground received 

over the pickup lead are effective to energize re- 

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- 

tact CD—5, armature CRT—6 and contact 

CRT—8 of ring through relay CRT to the lead 

BRS which results in the energization of any com- 

moneguipment. Referring to Fig. 14, the appear~ 

ance of ground on the BRS lead causes the office 

ringing 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. 

Second digit-—Dialing of the second digit 

gauses pulsing of relay CC. Pulsing ground is fed 

to. the X magnet CX as follows: battery, overflow 

contacts COF—1, magnet CX, upper winding of 

relay CXD, contact CXD—5, armature CXD—3, 

- eontact CON—i9 and armature CON—8 of the 

. connector off-normal relay CON, contact CSD—1t6 

-T
 and armature CSD—14 of relay CSD, contact
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CD—8, armature CD—6, contact CC—4, arma- 
ture CC—3, armature CD—1i and contact CD-—3 

. to master ground. The high resistance or lower 
winding of relay CXD is de-energized. after the 
first step in the X direction because of the open- 

’ ing of the off-normal armature CXon—%; and 
contact CXon—4, but relay CXD remains held 
up during the dialing of the second digit because 
of the passage of dialing pulses through the upper 
or low resistance winding. This follows because 
of the slow release characteristics of the relay. 
A predetermined time after the passage of the 
last pulse of the second digit, however, relay CXD 
releases.. ~ 

Third digit—In order to cause the connector 
switch to step in the Y direction, the next digit 
is fed to the Y magnet CY over a path prepared 
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 
switch COF—!. 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—18, armature CON—3, 
contact CSD—16, armature CSD—1I4, contact 
CD—8, armature CD—6&, contact CC—4, arma- 
ture CC—3, contact CPF—2 and armature CPT— 
{. Armature CC—3 is also connected to master 
ground through armature CD—i and contact 
CD—3. The high resistance or lower winding of 
relay CYD is de-energized immediately after the 
first step in the Y direction because of the open- 
ing of the Y off-normal contacts .CYon and ar- 
mature CYon—3, but is maintained in the en- 
ergized position by the passage of stepping cur- 
rent representing dial pulses through the low re- 
Sistance upper winding. After a predetermined 
delay interval following the reception of the last 
pulse of the third digit, relay. CYD releases: 

Busy test —During stepping in the Y direction 
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—4, and contact 
CYD—T to the front sleeve lead S. Relay CBT is, 
therefore, operated each time the sleeve brush 
passes over a grounded terminal in the sleeve 
bank of switch CSw. 

If, on reaching the called line, that line is found 
to be busy, relay CBT is held operated by sleeve 
ground.. The subsequent release of relay CYD 
locks relay CBT to local ground. the circuit ex- 
tending from battery through the upper winding - 3: 
of relay CBT, contact CYD—6, armature CYD—5, 
contact CBT—!@, armature CBT—9; contact 
CRT-—1!9 and armature CRT—18 of ring through 
relay CRT, and armature CSD—-{7 and. contact 
CSD—18 in parallel therewith; contact CD—12 
and armature CD—{f to ground. Busy tone is 
routed to the ring lead R from the office busy 
tone and flash lead OBTF over a circuit extend- 
ing through armature CBT—14{, contact CBT—1 2, 
armature CTH—! and contact. CTH-—2 of the 
trunk hunt relay CTH, contact CCT—1{! and ar- 
mature CCT—I!0 of the connector cut through 
relay CCT to the back portion of ring lead RB by 
way of conductors 48, 47 and 48. 

Cut through.—If the selected line is not busy, 
relay CBT is released and unoperated at the time 
relay CYD releases following cessation of the im- 
pulses corresponding to the third digit. . The 
front sleeve lead is transferred to the lower or 
low resistance winding of relay CCT. The left- 
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hand terminal of the lower relay winding, as 
viewed in Fig. 9, extends to ground through a cir- 
cuit including contact CBT—8, armature CBT—9, 
contact CRT—i9, armature CRT—18-with arma- 
ture CSD—i? and contact. CSD—!8 in. shunt 
therewith contact CD—1I2 and armature CD—11. 
The other side of the lower winding of relay CCT 
extends to battery through contact CYD—10, ar- 
mature CYD—8,.the front. sleeve lead, sleeve 
brush, contact or terminal in the sleeve bank, 
sleeve lead to the called line circuit, armature 
L’LO—8 and contact L’LO—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 
with the cut through relay CCT. The relay CTT 
is preferably a two-step relay such as that shown 
and described in a co-pending application of 
Andrew W. Vincent, Serial Number 647,890, filed 
February 15, 1946, and 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 
through the series circuit. The foregoing. circuit 
causes relay CCT. to make the first step contact 
(armature CCT—! and contact CCT—2) which 
completes an obvious circuit to master ground 
for the high resistance (upper in this example) 
winding of relay CCT to fully operate the relay. 
Full operation of relay CCT closes armature 
CCT—4 and contact CCT—3 and also armature 
CcT—#% and contact CCT—5, in the tip and ring 
leads, respectively. It should be noted that if two 
connectors test the same line simultaneously, 
there is insufficient current to operate the cut 
through relay CCT. 

Fourth digit—Although the busy test and cut 
through operation is usually completed: by the 
time the fourth digit. starts, the recording of 
this- digit is independent thereof and may take 
place simultaneously. A connection is prepared 
for recording 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—11, con- 
tact CRT— 10, armature CYD—2, . contact 
CYD—1, contact CON—5, armature CON—4, and 
the Y off-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 arma- 
tures CSD—9 and CSD—12, respectively, to. the 
back T’ and R conductors, thus establishing a 
metallic path between calling and called lines 
and completing an obvious circuit.to energize 
the answering relay CA upon answer by the called 
subscriber since it is connected across the T and 
R leads or conductors. The foregoing means pro- 
vides supervision to a calling toll operator on 
delayed toll ringing. This last-mentioned cir- 
cuit. furnishes talking current and 2. signal to 
the operator in the event that the fourth digit 
is delayed. in toll service. 

Operation of relay CSD also completes 2 path 
for ringing the called-party including the step- 
ping magnet of the minor switch CS which may 
be of the rotary type. A circuit for the stepping 
magnet CSa extends from battery through wind- 
ings CSa, contact CSD—-15, armature CSD—14, 
contact CD—8, armature CD—6, contact CC—& 
and armature CC—3, armature CD—1 and con- 
tact CD—3 to master ground. ‘The off-normal 
contacts CS—! of minor switch CS are closed 

5 following the first step corresponding to the first
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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 

through contact CON—3, contact CSD—15, ar- 

mature CSD-~ 14, contact CD—8, armature 

cD—6, contact CC—4, armature CC—3, arma- 

ture CD—1| and contact CD—3. Since armature 

CC—3 connects contact CC--4 to master 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 ground. 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 connections shown in Fig. 9 if 

switch CSa moves five steps). Only one genera- 

tor connection is shown. ‘The others may be 

the same except that different frequencies are 

preferably employed. Relay CSD releases at 

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—i6 and CSD—13, respec- 

tively. A ringing circuit is now completed from 

the front tip conductor through armature 

CCT—4, contact CCT—3, armature CSD—9, con- 

tact CSD—16, armature CRT-—13, contact CRT— 

i4, brush and contact of section T of switch 

CS to the selected office generator. The cir- 

cuit from forward ring lead R extends through 

armature CCT — &, contact CCT — 5, armature 

CSD—12, contact CSD—13, armature CRT—16, 

contact CR'T—-17, 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 

is shunted by a resistor 74 and also by a con- 

denser 15 of sufficient capacity to present rela- 

tively 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 is 

energized through its lower winding. Relay CRT 

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

step completes a circuit to energize the upper 

winding from master ground through contact 

CRT—3 and armature CRT—-!. 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—16 from 

engagement with contacts CRT—!4 and CRI— 

{7 into engagement with contacts CRT—1I2 and 

CRT—i5, respectively. The complete metal- 

lic circuit energizes answering relay CA, which 

operates to reverse the tip and ring leads for 

reasons well understood by those skilled 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—1I to ground. 
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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—17 and to ground 

through contact CSD—18, armature. CSD—IT, 

contact CD—1i2 and armature CD—I!, whereas 

the front lead is connected to the same ground 

source at armature CCT—1 by engagement he- 

tween armature CCT—1T and contact CCT—8. 

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 L’L 

are broken by the operation of the cut-off relay 

L’CO to prevent the operation of the allotter and 

a line finder-selector link when the called line 

answers. 
There is illustrated in Figs. 9 and 10 a divided 

ringing circuit. Thus, the lower high resistance 

winding of ring trip relay CRT is connected to 

the ringing generator ground and the coil as 

previously explained is shunted by resistance and 

capacitance to permit passage of the alternating 

ringing current without operating the relay. 

Reference to the lower portion of Fig. 9 indicates 

that office generators of different frequency are 

connected to the first five contacts of the T sec- 

tion and to the last five contacts of the R section 

of switch CS. The second five contacts of the T 

section and the first five contacts of the R. section 

are all connected together so that if the switch 

stands on any one of the first five positions, a 

circuit extends from the R brush of switch CS 

through contact CRT—I71, armature CRT—I{&6, 

contact CSD—13, armature CSD—{2, contact 

ccTr—s, armature CCT—S, ring brush R, R bank, 

called subscriber’s loop, T bank, T brush, arma- 

ture CCT—4, contact CCT—8, armature CSD—8, 

contact CSD—10, armature CRT—12, contact 

CRT—{4, brush and contact of section T of switch 

CS, winding of the transformer 16 which is ener- 

sized by the office generator and superimposed 

pattery 77 to ground. With this arrangement, 

ringing of twe parties can be accomplished for 

each frequency. When the switch CS is.cn one.cf 

the first five positions, the bells connected to the T 

lead ring according to frequency, and in positions 

6 to 10, inclusive, the belis connected to the R 

lead ring according to frequency. If leop ring- 

ing is desired, the subscriber’s loop circuit may 

be 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 whereby 

only one party can be rung for each frequency 

and the connections for contacts 6 to-10 of the 

switch 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 to 

the called loop only during ringing on the side 

to which relay CRT is connected and the resistor 

14 and capacitor 15 may be omitted since an A.C. 

path is not required around relay CRT. 

In order to return ringing tone to the calling 

subscriber, there are provided condensers 88 and 

89 connected in series between the T and R 

brushes of minor switch CS. The common con- 

nection between condensers #8 and 89 is con- 

nected to the back ring lead by means of a circuit 

extending. through contact CRT—21, armature 

CRT—22, condenser 83, contact CCT-—9, arma-~ 

ture CCT-—10, and conductors. 46, 47 and 48. 

Some 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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called is connected to the tip side or to the ring 
side of the.called line. 

Release of call 

When the calling party hangs up, the short 
circuit connection across the tip and ring leads 
is removed which results in the de-energization 
of relay. CC if the called party 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 and contacts 
CC—2, and restoration of all equipment to a con- 
dition of readiness for the next-call. 

The connector step-by-step switch CSw is. re- 
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—! 
and contacts CYon—2 in shunt with the X off- 
normal armature CXou—1{ and contact CXon—2, 
contact CD—1, armature CD—6, contact CC—4, 
armature CC—3, contact CPT—-2, 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 
X and Y directions. In order to insure return 
of the switch to normal before an attempt is made 
to switch another call, a locking circuit is provided 
for magnet CZ through its contacts CZ—14 and the 
XX and Y off-normal contacts. The locking cir- 
cuit is broken when the switch reaches its normal 
position because the off-normal switches open the 
locking circuit. 

In the selector, removal of ground from the 
front sleeve lead due to the above-described re- 
lease of relay CD releases magnet SMT. An 
energizing and locking circuit for. the selector re- 
lease relay SZ, similar to that provided in the 
connector, is utilized to return the. selector step- 
by-step switch CCw to its normal position. 

With respect to the finder, de-energization of 
relay SMT grounds the release lead Z extending 
between the selector and the finder, the circuit 
extending from ground at armature SMT—2 
through contact SMT—i, armature SD—18, con- 
tact SD—9 to the Z lead. The grounded Z lead 
is connected to one terminal of the winding of 
finder release magnet FZ through X and Y off- 
normal contacts connected in shunt. The other 
side of the winding of magnet FZ is connected di- 
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 open at armature FZ—1! as long as 
magnet FZ is energized. 

Revertive calling 

There are illustrated in the drawings two 
methods of providing revertive call service. Ac- 
cording to one method shown in Figs. 15 and 16, 
the calling party dials a special number, such as 
9, for example, and then dials digits representing 
the called and calling stations. Both bells ring 
alternately. When this arrangement is used, the 
circuit elements enclosed within the rectangle 
of Fig. 7 are omitted and wiring ‘“‘Y” is used. 

The second type or method omits the elements 
illustrated in Figs. 15 and 16, and uses the com- 
ponents shown within the rectangle E of Fig. 7. 
In this case, wiring “XX” 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 
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returned, the calling party hangs up until it. is 
believed that the called party has had time enough 
to answer the call. He then again removes his 
receiver. In this arrangement, ringing is carried 
out only at the called station. 

First method.—The reverting call circuit shown 
in Figs. 15 and 16 is described first. There are 
shown connections providing 10-party, harmonic, 
full selective, revertive call ringing. The progress 
of a call is the same as that described for a call 
to a subscriber on another line up to the point 
where the selector step-by-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 circuit are connected into 
a revertive call level of switch SSw so that the 
selector is cut through to the revertive call circuit 
instead of to a connector and hence is operated 
as scon as the selector step switch SSw cuts 
through to energize revertive calling relay RC in 
the same manner as calling relay CC in a straight 
through call, 

Operation of relay RC causes the eviergization 
of the first selector delay relay R{SD over a cir- 
cuit extending from battery through the lower 
winding of RISD, off-normal switch RiSon—2, 
contact RC—3 and armature RC—2 to ground. 
The operation of relay RC also results.in the 
energization of the second selector delay relay 
R2SD over a. circuit extending from battery 
through the lower or high resistance winding of 
relay R2SD, off-normal switch R2Son—2, con- 
tact RC—3 and armature RC—2 to ground. 

Revertive calling delay relay RD is’ energized 
over ground supplied from the permanent timing 
relay RPT over a circuit extending from battery 
through the winding of relay RD, contact 
R2SD—4, armature R2SD—5, contact RC—5, 
armature RC—4, contact RPT—4 and armature 
RPT—5. A locking circuit is provided for relay 
RD to the same ground through armature RD—9 
and contact RD—8. 

Second. digit.—The system is now prepared for 
the transmittal 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 
revertive call level). The calling relay RC re- 
sponds. to the dial impulses and steps the first 
frequency selecting switch RIS, which in the illus- 
trated form of. this invention isa rotary type 
switch, over a circuit extending from battery 
through the rotary magnet winding RI Sa, the up- 
per or low resistance winding of relay RISD, con- 
tact RISD—3,. armature R{SD—2, contact 
R2SD—i, armature R2SD—2, contact RD—7, 
armature RD—6, contact RC—i and armature 
RC—2 to ground. The off-normal contacts 
RiSon. operate on the first step of switch RIS to 
break the operating circuit for relay RISD at off- 
normal RiSon—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. 
At the end of the second digit, relay RISD re- 
leases to preparé a pulsing path for the second 
frequency selective switch R2S over a circuit from 
battery through the rotary magnet winding R2S8a, 
the upper or lew resistance winding of relay 
R2SD, contact RiSD—I, armature R/SD—2, 
contact R2SD—I, armature R2SD—2, contact 
RD—1T, armaure RD—6, contact RC—i, and 
armature RC—2 to ground. 

Third digit—Receipt of the third digit causes 
switch R2S to step in a manner similar to that
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explained in connection with the operation of 

switch RIS under the control of relay RC. As 
soon as R2S takes its first step, off-normal con- 

tacts R2Son—2 are opened to interrupt the op- 

erating circuit of relay R2SD, but the pulsing cur- 

rent through the holding winding of relay R2SD 

prevents telease of that relay until the end of 

the digit, a 
“As soon as R2SD releases, relay RiSD reop- 

erates over a circuit extending from battery 

through the lower or’ high resistance winding of 

RISD, armature RD—16, contact RD—It, arma- 

ture R2SD—6, contact R2SD—T, contact Rt sD—5, 

armature RISD—4, contact RC—5, armature 

RC—4, contact RPT—4 and armature RPT—% to 

ground. Relay RISD is locked up over a circuit 

extending from the lower coil thereof through 

armature RD—10, contact RD—fl, armature 

R2SD—6, contact RZSD—T, contact RiSD—5, 
contact RISD—6, contact RD—3 and armature 

RD—2 to ground and prepares a holding path for 

ring trip relay RRT at armature RISD—I6. _ 

“After completion of the third digit, the calling 

party hangs up. Relay RC is ‘de-energized by 

the opening of the calling loop. The ringing re- 

lay RR then operates over a circuit extending 

from battery at one terminal of the coil of relay 
RR to ground through armature RisD—8, con- 

tact RISD—T1, contact R2SD—3, armature 

R2SD—2, contact RD—T, armature RD—6, con- 
tact RC—1 and armature RC--2. Operation of 

relay RR maintains relay RD operated over a 

circuit extending from battery, through the wind- 

ing of relay RD, armature RD—8, contact RD—8, 
contact RR—I2, armature RR—il, contact 

RRT—1, armature RRT—8, contact RPT—4 and 
armature RPT—5 to ground. Upon operation of 

relay RR, circuits are also prepared for operating 

the switching relays RISW and R2SW at arma- 
tures RR—3 and RR—1, respectively, and the tip 
and ring leads are cut through at armatures 
RR-—6 and RR—9, respectively. 

The switching relays are operated alternately 

by means of pulses from a common timing cir- 
cuit (not shown). Pulses of ground appear on 
the ground leads 18 and 79 (see lower portion of 
Fig. 15). Ground lead 18 energizes switching 

Jay RISW through armature RR—3 and con- 

tact RR—4. Switching relay R2SW is operated 

py pulses over the second ground lead 79 through 

armature RR—I and contact RR—2. 

‘Ringing voltage is fed alternately from brushes 

of the frequency selector switches to the line. 

In one case, the circuit extends from the selected 

generator source, contact and brush of section 81 

of the selector switch RIS, contact RISW—4, 

armature RISW—5, contact RR—I8, armatuie 

RR_-9, contact RRT—4, armature ‘RRT—3, R 

lead to the line circuit, subscriber's loop, T lead, 

armature RRT-—1t, contact RRT—2, armature 

RR—6, contact RR—T, armature RISW—2, con- 

tact RISW—I, briish and contact of section 86 of 

selector switch RIS, condenser 80, shunting the 

lower winding of relay RRT to generator ground 

Jead 91. _ : 

“Alternate ringing is carried out over a circuit 

extending from the other selected generator, con- 

tact and brush’ of section 84 of selector switch 

R2S, cohtact RAISW—I, armature RASW—2, con- 

tact RISW-3, armature RISW—2, line circuit 

including tip and ring leads and subscriber’s loop, — 

armature RISW—5, contact RISW—8&, armature 

R2Sw—5, contact R2ESwW—4, brush and contact 

of section 85 of selector switch R2S, and condenser 

80 shunting the coil of relay RRT to the generator 
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ground lead 91. Inasmuch as the contacts of the 

switching relays are interlocked, it is seen that 

the two ringing frequencies are applied to the line 

alternately. Ss 

When either party involved in the call lifts 

his receiver and completes a connection between 

tip and ring leads, direct current fiows through 

the operating winding of ring trip relay RRT to 

operate it. When both switching relays are re- 

leased, resistance battery is supplied to the line 

at “contact R2SW—6, the circuit extending 

through armature R2SW—5, contact RiISW—6, 

armature RiSW—5, ring lead, subscriber’s loop, 

tip lead, armature RISW—2, contact RISW—3, 

armature R2SW-—2, contact R2SW—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 RRI—If, 

armature RR'T—1!0, contact RISD—H#i and arma- 

ture RiSD—!8 to ground. The tip, ring and 

sleeve leads are opened at contacts RRT—2, 

RRT-—4, and RRT-—8, respectively. The line 

circuit is locked out because the removal of sleeve 

ground therefrom de-energizes lock-out relay LLO 

and release cut-off relay LCO. The release of the 

cut-off relay again completes an energization cir- 

cuit for line relay Li. The lock-out relay LLO is 

slow to release so that ground over armature 

LL—3 and contact LL—4, armature LLO—fI and 

contact LIO—i9, contact LCO—7 and armature 

LCO-—6 completes a circuit to re-operate the lock= 

out relay LLO:° Therefor, the line start, X-mark 

and H grounds are eliminated, so that the line 

finder and the selector are released. a 

When the ring through relay RRT operates, 

holding ground for relay RD is removed at arma~ 

ture RRT—8 and contact RRT—1.’ Relay RD re- 
leases after a time delay.” The release of relay 

RD breaks the energizing circuit for relay RISD at 

armature RD—| and contact RD—8. ‘ The release 

of relay RISD, which is also slow to rélease, re 

sults in a de-energization of ringing relay RR 

at contact RiSD-+1 and armature RISD—8 and 

the energizing circuit for ringing trip relay RRT 

is “broken at contact RiSD—11 ‘and armature 
RISD—10. °° ~ mare 
When the delay relay RD operates upon seizure, 

a path is prepared over which ‘pulses of ground 

received over the pickup lead OPU may be uti+ 

lized to operate the permanent timing relay RPT. 

The circuit comprises lead OPU, armature RD—16, 

contact RD—IT, armature RPT—2, contact 

RPT—-8, and winding of relay RPT to battery. 

Relay RPT locks up to ground through contact 

RPT--3, contact RPT—I, contact RD—3 and 

armature RD—!. The ground which operates 

and holds relay RD is then transferred to ground 

supplied by the common timing equipment over 

the hold lead OH, the circuit extending through 

contact RPT—-6; contact RPT—4, armature 

RC—4, contact RC—5, contact RD—8, armature 

RD—9, and winding of relay RD to battery." 

Tf the ringing circuit is not tripped before the 

time allotted by the common timing equipment 

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— [2 

so that the line is locked out and the line and 

trunk are dismissed. . 

It is desirable to provide means for distinguish- 

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 is de- 

sired to provide means to prevent putting through
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a false call after the calling party terminates the 
calling operation by replacing his receiver on the 
hook switch. before completion of the dialing 
dpeération. 

It will be recalled that the revertive calling re- 
lay RC and means including a first delay relay 
RISD and step switch RiS are utilized to identify 
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 RZS to identify the called party 
on another group of dialed pulses (the third digit). 
Now, if the calling party hangs up before com- 

_pletion of the third digit, operation of the hook 
switch simulates dialing of the numeral 1, because 
opening of the hook switch contacts causes the 
release of calling relay RC, which in turn causes 
switch R&S to take one step. If hang-up occurs 
during the return to normal of the dial following 
dialing of the third digit, switch R2S is moved one 
additional step. Similarly, if hang-up precedes 
the third digit, the switch may move one step. 

Ti will be recalled that normally, delay relay 
RISD is reoperated at the end of the third digit 
and relay R&ZSD is réleased 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 R2SW operate alter- 
nately to ring both parties. When either party 
lifts his receiver, ring trip relay RRT is energized 
and locks to ground through relay R/SD. 

In order to prevent the establishment of ring- 
ing and talking circuits on hang-up before com- 
pletion of the third digit, means is provided to pre- 
vent the re-energization of delay relay RISD. 
Thus, if the digit “1,” for example, or some other 
digit, is dialed, relay RC is energized as soon as 
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—i0 and contact RD—t1!, but if the calling 
party hangs up before completion of the third 
digit, relay RC remains de~energized ‘and shortly 
thereafter slow-to-release relay RD releases and 
opens the energization circuit. for relay RISD 
at armature 10. 

Second method.—TIf directory number revertive 
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 “XX is 
used. In the following. description it is assumed 
that, wiring “C” is used in Fig. 8, i. e., trunk hunt- 
ing is provided. 

When, the called. line is found to 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—4, 
armature CBT-—i4, contact CBT—13,. contact 
CsD—7, 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 
whieh case relay CTH is energized and the fore- 
going circuit is broken at contact CTH—é4. 
Operation of relay CRC grounds front sleeve, 

the circuit extending from ground at armature 
CD—i! through contact CD—12, - armature 
CRT— 18, contact CRT—19, contact CRC—3, con- 
tact CRC—I0, armature. CRD—13, and contact 
CRD-—12 to the front sleeve lead. If any but the 
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calling line is chosen, relay CSL operates on -hold+ 
ing current being fed to the preceding selectors 
and. line circuit relays, but if the calling line is 
chosen, holding current is furnished by the front 
sieeve and relay CSL is shunted over a path ex- 
tending between the connector and finder 
multiples, i. e., ground is found on both front and 
back sleeves, the former through contact CRD—i 2, 
armature CRD—13 and contacts CRC—10 and 
CRC—8§, and the latter by-~ direct connection. 
Hence, relay CSL operates on a normal call but 
not on a reverting call. Once operated; relay CSL 
locks up to master ground through contact 
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. The energizing circuit for re- 
lay CRD extends from battery through the wind- 
ing of relay CRD, contact CRD—!0, armature 
CRD—11, contact CRC—8, and armature CRC—7 
to master ground: The original path for the tip 
and ring leads, T and R, is broken at armatures 
CRD—{ and CRD—3, respectively, but an alter- 
nate path is established at. armature CRC—{ and 
contact CRC—2, and armature CRC—3 and con- 
tact CRC—4 of relay CRC, respectively. 

As explained previously, on revertive calis, relay 
CSL remains unoperated. After the third con- 
nector digit of the called number is completed, 
relay CSD releases and establishes a new path for 
the energization of relay CRC, the circuit there- 
for extending from battery through the winding 
of relay CRC, armature CTH—3, contact CTH—4, 
armature CBT—14, contact CBT—13, armature 
CC—6, contact CC—7, contact CON—6, arma- 
ture. CON-—-1, armature CSD—5 and contact 
CSD-—6 to ground: 

Relay CON, previously 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 CBIT—li, 
contact CBT—i2, armature CTH—1!I, contact 
CTH—2, contact CCT—1!i, armature ccT—i0, 
contact CON—2, armature CON—I, contact 
CSD—2, contact CSD—j, and conductors 47 and 
48 to the ring lead R. Upon opening of the 
contacts at the hook-switch upon hang up at the 
calling station, relay CC releases and opens the 
last established path for relay CRC, which drops 
out and opens the back tip and ring connections 
at armatures CRC—ji and CRC—3, respectively. 
The original energizing path for relay CD is 
opened upon the release of relay CC but a new 
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, 
armature CRD—1{§, contact CRT—2 and arma- 
ture CRT—1 to master ground. Since master 
ground is established by the closure of contacts 
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 
completes a path for the operation of cut-through 
relay CCT through its upper winding over a 
circuit extending from battery through the up- 
per winding of relay CCT, contact CSL—1, arma- 
ture CSL—8, contact CRD—17, armature CRD—8, 
contact CRC—6a and armature CRC—7 to 
master ground. The operation of CCT extends 
the front tip and ring leads to the ringing net- 
work of the connector at. armatures CCT—4 and 
CCT—6, respectively. 
When the called party answers, or the calling 

party again lifts his receiver, i. e., when an off- 
hook condition again occurs after ringing com-
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menees, 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 oyerating path for relay CD at contacts 

CRT—2 and armature CRT—1. After a time 

délay, rélay 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 Fig. 8) is connected directly to battery 

while the other side of the winding of magnet C2 

is connected to ground through the parallel = 

and Y off-norma! switches, contact CD—7, arma- 

ture CD—§, contact CC—4, armature CC-——3, con- 

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

Release of relay CD also removes the sleeve ground 

at contact CD—I{ and armature CD—/2, thereby 

dropping the preceding selectors and locking up 

the line. 

' ‘Tn Fig. 18, there is shown a modification of the 

second revertive calling circuit according to which 

a separate relay is used for cut through of revert- 

ing calls. Circuit connections for the connectors 

are generally the same except for the addition ot 

relay CRCT. The dotted lines 59 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 ground 

through armature CRC—i, contact CRC—8, 

armature CRD-—8, contact CRD-—7, armature 

GSL—8, contact CSL—T, and relay winding CRCT 

to battery. 

rupts the busy tone circuit at armature CRCT--5 

and cuts through tip and ring leads T and R at 

armatures CRCT—{ and CRCT—8. Ringing 

then. proceeds as previously described and when 

the call is answered, relay CRT picks up to com- 

plete the talking circuit. 

Tf trunk hunting is not utilized, wiring “D” is 

used and rectangle “F” is omitted, but the opera-~ 

tion. of the revertive cail circuit remain the same. 

SPECIAI, CONDITIONS AND FEATURES 

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 finder- 

selector combination available to the calling party. 

Hence, no sleeve ground is returned to the line 

circuit and neither cut-off 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 transmitted 

to the line circuit and to the calling station. Re- 

ferring to Fig. 12, the circuit comprises a grounded 

tone source (not shown), the lead marked ALB 

Tone In, armature ALB—1{4, contact ALB—i5, 

contact A’LB—I5, armature A’LB—!4 and the 

lead marked ALB Tone Out to the line circuit 

of Fig. 3. 
Coin box tone.—When coin box tone is desired, 

there may be provided a tone source superimposed 

on the 48-voilt D. C. supply as shown in dotted 

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 is 

dialing. For this reason, the signal is impressed 

upon trunks extending to the operator rather 

than to a connector. 

Energization of relay CRCT inter- «: 
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Lock-out.—

Lock-out is a situation initiated by 

a load across the tip and ring conductors
 or the. 

eliminatio
n of sleeve ground. In order to avoid 

holding indefinitel
y a finder-sele

ctor link because 

of a permanent
 fault on the line, a condition 

which causes operation of the line, cut-off and 

lock-out relays as for a call, common timing 

equipment
 is provided to open the sleeve lead, 

allowing the line finder, selector and cut-off re- 

lays to release. Pulses of ground received over 

pick-up lead OPU energize relay SPT (Fig. 6) 

which transfers sleeve ground at armature 

SPT—A4 to hold ground over hold lead OH and 

contact SPT—6 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 LCO is de-energize
d. 

When the cut-off relay LCO releases, a circuit 

including the tip and ring leads is again com- 

pleted by the fault and the line relay LL re-oper- 

ates. ‘The lock-out relay LLO, which is slow to re- 

lease, remains operated during the time the cut- 

off relay is releasing and for a further period 

sufficient to enable the line relay LL to be re- 

operated through engagemen
t of armatures 

LCO—! and LCO—3 with contacts LCO—2 and 

LoO—4, respectivel
y. 

Re-opetati
on of the line relay LL locks up 

lock-out relay LLO to ground over a circuit from 

ground at armature LL-—3 through contact LL—4, 

armature LLO—ti, contact LLO—I{0, contact 

LCO—}, armature LCO—6, winding of relay LLO 

to battery. The line and lock-out relays are now 

operated. The line start and K-mark leads are 

open at contact LLO—5 and the H-mark lead is 

open at contact LLO—12, thereby preventing
 the 

line circuit from holding a finder-sele
ctor combi- 

nation. Under leck-out conditions,
 an alarm 

lamp 81 may be energized over a circuit from 

, ground to battery including armature LL—1, con- 

tact LL—#%, armature LLO—4, contact LLO—6 

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 normally served by that side of the allotter 

are busy, the allotting functions are transferred 

so that the other side or half of the allotter can 

carry the entire load of the line group being served 

by the dual allotter. 
Let it be assumed that the portion of the 

allotter shown in Fig. 11 and left-hand portion 

of Fig. 12 is busy, in which case relay ALB is 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 

by the same letters as their counterparts of Fig. 9 

except 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 two start leads LST and 

L’/ST at the armature A’LB—5. The link idle 

levels 64 and 65 of selector switch 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. 

Tf all lines are completely multiplied, the line con-
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iiected to the first level.reached by a finder will 
be seized and a line connected into one of the 
last levels to be reached by a switch will.some- 
times 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- 
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 5 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... For this purpose, bank splitting 
relay ABS is provided. Relay ABS is energized 
by engagement of armature ALB—12 and contact 
ALB—if and the X mark leads are then com- 
pletely multipled throughout the X levels. 

If the disable key DEK is. operated, the energiz- 
ing circuit for relay ALB is broken. at spring 
DK—3. Relay ALB releases and its functions are 
transferred to the other half of the allotter as 
described above. 

If, after transfer of functions, any link becomes 
idle, the allotting function is transferred back to 
the first side.because as soon as a link is returned 
to normal, the Y off-normal contacts in both se- 
lector and finder close to re-energize relay ALB 
the first half of the allotter. Ifa 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 calling—-The XY switch 
is actually a.121-point device; comprising eleven 
levels of eleven points or. contacts each. ‘There 
is a first level which can be reached if the brushes 
are not moved in the X direction. Since 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 
Y direction under the influence of the dial, it-is 
not practical to set up-a, system having 110 lines 
per group, and therefore, 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 
place. such trunks. on line terminals to avoid the | 
use of incoming selectors. The trunks are, there- 
fore, found when energized in exactly the same 
manner as subscriber lines.. Such a scheme, ac- 
cording to previous arrangements, has the disad- 
vantage of reducing the number of possible sub- 
scriber lines.. Thus a system serving five incom- 
ing trunks would be limited to 95 subscriber lines. 
Provision is made in the allotter shown and de- 
scribed herein to make use of the normal level 
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 to establish ground at an X- 
brush whenever voltage appears on a trunk start 
lead so that the allotter can send the finder in 
the Y direction without movement first in the X 
direction. Obviously, in the previously described 
operation, if the finder does not move in the X 
direction, the X-brush could. not . become 
grounded. Therefore, relay ANL is a substitute 
for the X-brush and marking terminal and op- 
erates when a special start lead for trunks is 
energized. It not only grounds the start lead 
upon operating but also simulates a condition of 
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xX marking and causes the finder switch 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- 
ing the finding process. 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 
that the X off-normal combination remains un- 
disturbed on trunk calls and the discriminating 
leads 69 and 70 are closed. 

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 
circuit associated with the calling trunk: places 
ground, i. e., positive battery voltage, on the trunk 
start lead TST (see upper portion of Fig. 12) 
and on the corresponding H terminal in the line 
finder bank. If relay ASt has not been operated 
previously, a circuit is completed for the normal 
level relay ANL over a circuit including battery, 
the winding of relay ANL, armature AS!—2, con- 
tact ASiI—!, contact ALB—3, armature ALB—2 
to the grounded trunk start lead TST. Operation 
of relay ANL grounds the line start lead LST at 
armature ANL-—T and contact ANL—6, in order 
to energize relay AS—f through contact AA—3 
and armature AA—4. The operation of relay 
AS—1I.causes the energization of relay AS—2-and 
relay AD as in the case of normal starting, Relay 
ANL locks up through its own armature ANL—4 
and contact ANL—5 to the grounded trunk start 
lead. 

In this phase of my. invention, it is not neces- 
sary that the finder switch be driven in the X 
direction, since the switch contact. brushes ‘are 
already opposite the normal level. The circuit 
for energizing the.X magnet FX is broken at 
contact ANI.—1 and circuit. connections are made 
to. apply driving ground immediately to the Y 
magnet of the finder switch FSw.. The circuit 
extends from battery in the finder (Fig. 4) 
through switch FOF—1, magnet FY, the inter- 
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—1I, contact AA—2, contact ANI—%, armature 
ANL—2, contact AD-—3, armature AD—4, arma- 
ture AS2—§, contact AS2—5, contact ASI—4 and 
armature ASI—3 to ground. The finder switch 
hunts on a self-interrupting basis until ground 
is encountered on the normal level H contact 
corresponding to the calling trunk.. Ground on 
the H brush operates the allotter advance relay 
AA to advance selector switch ALS to the next 
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 accomplished as previously de- 
scribed for a normal call. 

It may be desired to restrict certain levels of 
selector switch SSw to local subseriber’s lines but | 
to make available such levels to trunk calls. Re- 
ferring to Fig. 6, the eighth level is so arranged. 
Thus, on a call. from a local subseriber, when 
switch SSw is stepped to. an unrestricted level, a 
circuit for energizing the cut-through relay SMT 
is completed as previously described to extend 
the T, R, S and H leads. Briefly, one terminal 
cf the winding of relay SMT is connected to 
ground by way of conductor 45 (see Figs. 5 and 6),
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nected, to. battery. through contacts SXon—A4 and 
SXon—3, ‘interrupter. of, magnet ‘SY, winding of 

“However, ‘if the Selector switch. ssw is stepped 

to. the eighth level 6 ‘4 call from a subsceriber’s 

line; ¢ as distinguished from a trunk call, the'lead to 

the XX bank contact, corresponding to lead 48, 
is not connected ‘directly t6 relay SMT but by 

“of conductor 70, contact PXon—6 and arma- 

ture FXon—-5 of” the ‘off-normal switch ‘PXon, 

and. conductor’ 69. ' Hence, the circuit for ener= 

gizing yelay SMT on trunk calls is held oper and 

is. Hot completed. to ground unhless the finder 
ch. FSw has ‘Yerriained ‘in its normal position 

lative to, its” primary” direction of movement, 

only. when switch FSw! has moved into” the a 

movement i in the primary. direction i in response. ‘to 2 

a trunk.call. Referriig to. the line ‘fitider ‘circuit, 

Fig. 4; since the finder switch has ‘not: yioved in the 

x. direction, the X off-normal contacts have not 

beén operated. Therefore, conductors. 69° and 10 
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; Sento pee ska the ander “step 
switch fails aa fii’ @ matked'! line; as if the calling 

eth calling Tine-was found, 
; or, in the case’ ‘of 

the’ ‘y1th ‘step. in’ either the X or the’ yy dir sction, 
thie’ overflow SWitch ¥OF ‘is operated, the reby i re-~ 
moving™ ‘pati tery from’ the stepping magnet: : “Over 
flow contacts FOF—2 ‘place grotind‘-on the H 
prush of the firider switch FSw to simulate'find- 
ing’ and: to. ‘cause ‘the’ allotter to advaitice. ' ‘The 
cir cuit ‘Por’: the? ‘Tatter* ‘operation: ‘extends from 

ground at FOF—2- ‘over the’ HB: ‘lead: throweh ‘edn- 

ture“ AA—1; “contaét 8; winding of relay’ ‘WA 
to battery. The aava: eof the’ wllotter rélieasés 
relays SC a and sDP “Release Of relay | sD cottipletés 

between the line finder and thé selector remain 2 

connected together through X off-normal arma- ~~ | 

ture FXon~—-5 and contact FXon—6 ag shown, to 

allow. normal level trunks to reach. restricted se- 

lector levels of the ‘selector step switeh SSw. 

. Changeover. —in, Fig. 17 there is illustrated a 

modification of the foregoing. changeover circuit 

for. transferring stepping, from the X to the ¥ 

direction. . Instead of using a single changeover 

or :X-stopping relay AX. in the allotter, each 

finder is provided with ‘a, changeover telay FOH. 

Fig. 17 illustrates in. simplified form the line cir- 

cuit. of Fig. 3,.the finder circuit of Fig. 4 and the 

allotter circuit, of. Figs. 11 and 12: - Relays, con- 
tacts, and armatures. are identified. by the same 

numerals and letters wherever identity, exists. It 4! 

will be. recalled that potential . on 2 start lead 

causes energization of relay. ASI and ‘then AS2. 

Closure of armature AS2—13 with contact 

AS2—14 completes a. circuit for the energization 

of relay. PCH. One. side of. FCH is grounded, The § 

other side.extends to battery through lead XB, 

contact .and brush of section 58 of switch ALS, 

armature, AS2—13, contact AS2-——14 and coil of 

relay .AX. .. The resistances of the series connected 

relays is such ‘that only relay FCH picks up to : 

open up. the.circuit for magnet. FY at armature 

FCH—{ and: contact. FCH—2... Relay AD picks 

up over a circuit including armature AS2—6, con- 

tact -AS2—5;, contact ASi—4 and armature 

ASI—3.. Switch. PSw steps over a driving circuit 

extending from the upper side of FX, ‘as viewed 

in. Fig. .1%, through .the interrupter switch of 

imagnet FX, X lead; section 51 of switch ALS, con- 

‘fact AX—5, armature AX—4, contact ANL—I, 

‘armature. ANL—2, contact. AD—3, 

‘AD—4, armature AS2—6, contact AS2—5, con- 

tact ASiI—4, and armature ASI—3 to ground. 

The other side of FX extends to battery through 

‘the overflow switch FOF. When the switch FSw 

os
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60 
armature . 

pat a. ‘finder: swit 

of. Bay extend ng from ‘thie ° pee ‘ton 
lead ae in® ‘the® ‘selector - through’ ‘contacts 

d SOF—3; “contact: SMI~I3- and: are 

FCT (0 and ‘the ‘back ring ‘conductor’ to the’ Pi 
briishr in. the ‘finder’ ‘switch PSw. 

' Timed’ “recycling.” “As ‘indicated arr means 

: yo 
‘the pickup’ téad. OPU ‘(see Fig. ry ‘through ar- 
mature ASI — 5,” ‘contact ASI —6, - “armatire 
APT—3, contact APT—4, winding of relay APT 
to battéry. ‘Relay APT locks to grouhd over a 
circuit, . or relay & from © attery, ahrouga the 

lead" CA—1: “for 
PTI, ° “eontact 

equipment furnishes pickup and cancel’ ee 

Shien APT. and’ AA are energized to” ‘step selector 

“Peg: Gownt = 

‘reaches. the marked line, relay AX is energized © - 

over the XB lead. Relay FCH is short ‘ciréuited 

Bld released. Operation of relay AX interrupts 

the X-driving circuit and completes a driving cir- 

cuit for magnet FY. 
“Unsuccessful busy test—If a connector has 

seized a calling line circuit before the line finder 

has. reached the calling line, ground is present on 

the forward or front sleeve lead and cut- through 

grotind from the allotter cannot, operate the cut- 75 

Selector . 

Permanent time release. —In order to dismiss a 

selector” ‘ nditions, “sround: is ti tinder” ‘Tine fault” 
wee
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supplied at intervals to the selector permanent 
timing relay SPT over the office pickup lead OPU 
through armature SPT—i, contact SPT—2, con- 
tact SD—i4; armature: SD—1I5, winding of re- 
lay SPT to battery. Relay SPT locks up. to 
master ground through contacts SPT-—2 and 
SPT—-3. Operation of relay SPT substitutes a 
holding ground received over the office hold lead 
OH through contacts 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 OH 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 
of contact SD—8, armature SD—1, contact 
SMT—1! and armature SMT—2. 

Digit adding-—When the selector is equipped 
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 
thereafter. When an XX level equipped for digit 
adding by utilization. of the equipment within 

rectangle D of Fig. 6 and wiring “M” is dialed, 
ground appears on the XX brush from: the back 
sleeve lead, the circuit extending from the back 
sleeve lead through contact SXD—i0 and ar- 
mature SXD—9 to the auxiliary XX brush. 
Ground on the XX brush operates the drop back 
relay SDB over a circuit extending from ground 
at the XX brush, contact in the. XX bank, arma- 
ture SDB—1, contact SDB—6, winding. of relay 
SDB to battery. Relay SDB locks to sleeve 
ground through contacts SDB—6 and SDB—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—1Ii and arma- 

ture SDB—i0.. The release magnet SZ is op- 
erated upon the closure of armature SDB—4 with 
contact SDB—3, through contact SAB—6& and 
armature SAB—1T. The stepping switch SSw re- 

turns to normal. The return of the switch to 
normal restores the off-normal switches to com- 

plete a path for the energization of relay SAB, 

over. a circuit extending from the winding of 

relay SAB through contact SAB—9, armature 

SAB—8, contact SDB—8, armature SDB—4, off- 

normal contact SXon—I and armature SXon—2 

to master ground. The XX brush is no longer 

effective to return switch SSw to normal because 

the release circuit is broken at armature SAB—1. 

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 armature SAB—4 and contact 
SAB—5. 

' Digit cancelling —If it is. desired. to provide 

digit. cancelling or absorbing on one or. more 

levels, ground on the XX brush of the selector 

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 position 

each time that particular digit is dialed. 
_ Dead. levels—Means is provided whereby the 

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 operation that relay SMT is shunted 

during hunting over busy terminals of switch 

SSw, one connection to ground being made 
through the XX brush and bank. On dead levels, 
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there is no connection 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 
or XX brush stands at a dead level. After the 

switch SSw takes one step in the Y direction, the 
ground for energizing relay SH to step magnet 
SY is absent and hence switch SSw halts on the 
first terminal or bank in the Y direction. ‘Thus, 
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. If a 
dead level is dialed, the de-energization of. relay 
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 a suitable source of tone (not shown); the 
dead level tone lead (Fig. 6), terminal in X bank 
of switch SSw, X brush, contact SXD—1I, arma- 
ture SX¥D—2, condenser 18, overflow switch SOF, 
contact SMT—13 and armature SMT—1I1 of re- 
lay SMT to the back ring lead. 

Connector 

Conversation timing.—Upon. answering by the 
called subscriber, and consequent operation of re- 
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 
lead, contact CRT—1, armature CRT—6, contact 
CD—5 and armature CD—4 to. ground. Relay 
BCTS is energized to. ground the office timing 
start lead OTS by engagement of armature 
BCTS—1 .with contact BCTS—2 and thereby 
bring into operation suitable timing means, as a 
pulse generator of desired type, for example. . Op- 
eration of relay BCTS also completes the office 
timing pulse lead OTP from the timing means, 
not shown, by the engagement of armature 
BCTS—8 and contact BCTS—4 to the winding of 
timing pulse relay BTP—1 and also to the wind- 
ing of timing pulse relay BTP—2.. The timing 
pulse relays operate on each pulse. Individual 
contacts are provided for each line finder or con- - 
nector, or both, and individual timing pulse 
ground is applied to the XX bank terminals rep- 
resenting the timed levels. 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 
CS is released by ground originating at. the busy 
test relay CBT and following a path through 
armature CBT—1I,. contact CBT—2,. armature 
CRT—4, contact CRT—5, off-normal switch 
CS—2 of minor switch CS and the release coil 
CSb to battery. Upon the return of switch CS to 
normal, off-normal relay CON is de-energized by 
the opening. of the circuit including off-normal 
switch CS—I. The release of relay CON causes 
the energization of relay CBT over a circuit ex- 
tending from battery through the lower winding 
of relay CBT, armature CA—I8, contact CA—I4, 
contact: CON—8, armature CON—1, armature 
CSD-—-5 and. contact CSD—6 to ground. The 
purpose of re-operating relay CBT is explained 
in the last paragraph under the heading. “Con- 
versation timing.”
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The circuit forthe minor.switch-reléase magnet 

is thereby opened to permit the re-stepping.. of 

switth CS by timing pulses, if any, brought indi- 

rectly:into-the connector from the line finder over 

the’H’ conductor or directly from:the’ XX bank 

of*the ‘connector. 
Operation of the answering relay CA completes 

a“path for the timing pulses to step switch ‘CSas 

follows: H lead, armature CA—I,.contact CA-—2, 

armature CBT—4; contact CBT—5, ballast lamp 

82° and ‘rotary magnet winding CSa. to battery. 
When conversation timing ‘is: furnished, wiring 

“Vv” ‘is used instead of wiring “ww” in: ordér to 

insert’ ballast lamp 82: Ballast lamp 82 is pro= 

vided 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 

arises appreciably but the hot resistance. is cur= 

yént limiting. Thus’ the’ ballast lamp. permits 

pulses of relatively high.currents to pass through 

winding.CSa to operate the switch and ‘thereafter 

serves to reduce: the current to a safe value. 

Switch CS advances-each time a timing pulse’ is 

received. With the arrangement shown in Fig..9 
ot the seventh switch point, which means that 

séven’ timing pulses have been received, a warn- 

ing tone is. fed to the ring conductor or lead over 

a.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 switch CS, contact CRT—20, ar- 

mattire: CRT—22;.tone condenser 83, contact 

CCT—9; armature CCT—10, contact CON—2; ar- 

mattire CON—1, contact CSD—2 and’ armature 

CS8D-—1{ to the back ring lead’ R. When the minor 

switch steps to the ninth position, another warn- 

ine’ totie is furnished over substantially. the same 

path since. contacts 1 and.9 are wired together. 

Wher the switch CS reaches the. tenth position, 

the grounded tone lead OCWT, which is con- 

nécted* to the brush of: section C. of switch CS 

through armature. CBT-——6 and contact.CBT—1, 

ig applied ‘to the tenth contact, and through con- 

tact CRT—9 and armature CRT—1 to the wind- 

ing. .of relay CSD which operates for the second 

time during the call; in order to dismiss the call 

py removing. both front and back sleeve grounds 

at contact CSD—(8‘and armature CSD—1T.. The 

finder and the selector, which have been held by 

sleeve ground, are dropped.and-lock out, if pro- 

videéd.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—I7 and contact CSD—{8 through 

contact. CRT—(9 and armature CRT—18: 

Time cancelling-—If one of. the levels is. pro- 

vided with time. cancelling provisions, direct 

ground is connected to the corresponding con- 

tact in the XX bank in order 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. citcuit 

cannot.be dismissed by. timing. Ballast. lamp, 82 

limits the sustaining current. 

Trunk. hunting.—If.trunk hunting, is desired, 

the-equipment shown within the dashed rectangle 

F.of -Figs.. 8 and.9 is included andthe. wiring .in- 

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

stood that if the trunk hunting feature is not :em- 

ployed, relays CTH and CPA are: not provided:and 

wiring: “D” issused... With:the provision-of:trunk 

‘Hunting; the: connector:can choose! an: idlesline 
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out: of :several:in::a,.group;..such::as: trunks ; tod 
P, B. X station: The: hunt: .terminals:of. all but 

the: last. trunk. in: the connector: multiple .are 

marked:.by resistance battery. andthe last con= 

tact:or trunk:is:marked::by-direct ground. 

The. first: trunk-is selected: by: dialing... When 

the: H:-brush. ofthe connector switch.CSw : passes 

a-marked ::terminal or.trunk,. the-trunk 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—13:and armature:CD—14, The. other 

terminal.of:the:-upper winding. of: relay..CTH: is 

connected: to. the: hunt. brush: through contact 
CCT—12 and-armature CCT—13: Relay:CTHre- 

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, re- 

lay:.-CBT. operates: from. sleeve-. ground: through 

contact CYD—1 and contact CYD—§.. The subse+ 
quent-release-of-relay.CYD completes a.path from 

master: ground to re-energize relay. CXD, the.cir- 

cuit. .extending- from. battery: through the. lower 

winding of relay. CXD,.as-shown in the drawings; 

contact: CYD—413;:. armature: CYD-—14, contact 

CBT-—15,, armature- CBT-—i6,;. contact:. CTH—$9. 

and-armature CTH---10,,to: master: ground. .The 

seeond operation of:relay, CXXD re-operates relay 

GYD. from. master: ground .at.armature:CXD—t 

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;C YD. as 

previously. explained: Hence, the pulsing. paths 

to-both stepping magnets CX and CY- are opened 

at.contact CSD—i6-and armature CSD—(4.and 

the-pulsing path to stepping magnet:CSa.is closed 

at. armature CSD—{4. and. contacts. CSD—I5: 

Therefore, the calling party-can dial.the. third 

connection digit while. trunk. hunting.is going.on. 

The. energization. of. relays: CBT, CTH;.CXD 

and CYD.establishes the-necessary conditions for 

trunk hunting. Pulse. assist relay.CPA. is. next 

energized. One-side.of the winding of relay-CPA 

is. connected to. battery. and: the: other: side—is 

connected. to. ground.over, a circuit including; the 

interrupter: switch: CY—1,. contact CTH—6, ar- 

mature CTH—5; contact CBT_3 and-armature 

CBT-—i: . Relay CPA. transmits. pulses. through 

the winding of magnet CY over.a circuit extend: 

ing-from -ground.at.contact CPA—2 through.ar- 

mature. CPA—I, armature. CYD—-12, . contact 

CYD—11, contact. CXD—8, armature. CXD—8, . 

upper winding of.relay CYD, magnet winding CY 

and overflow contacts:COF to battery. The -con+ 

nector step switch CSw. steps.in the Y. direetion. 

The busy ground previously. described is broken 

as the switch. moves. forward. but: relay..CBT. is 

held. operated. by. a. second: ground extending 

through:contact.CPA—4, armature.CPA—8, and 
lower. winding of: relay CBT. to battery, .so. that 

relay. CBT remains steadily. operated:as-long;.as 

-busy: sleeve contacts:are encountered: ° 

Tf an idle: trunk:.is. reached, relay: CBT: releases 

because. of the.Jack- of:sleeve-ground. Release:of 

relay.CBT. opens the:Holding: path for.relay:CKD 

at armature CBT—I6 and contact CBT—1!5, 

which.releases relay:CXD-and this relay in-turn 

effects the release:..of relay. CYD: at’. armature 

CX¥D—I and’ contacts:CXD--2;. and: also: opens 

the energizing. path:for: relay: CPA :at..armature 

GBT—{: and contact: CBT—3:. The release: of 

_relays:¢XD and!CYD: prevents: further hunting,
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The release of relay CYD cdiiiécts relay COT to 
Sleeve ground for the second busy test. 
When relay CTH was energized. previously, 2 

path was established from the lower winding of 
relay CTH to battery. at one terminal and to 

' resistance battery over-a circuit including. con- 
tact CTH—8, armature CTH—JT,. contact 
CXD—10, armature CXD—i 1, contact CCT—12 
and armature. CCT—1i3 to the H brush, thereby 
-locking up relay CTH. As indicated by the ar- 
-rows adjacent the windings. of relay CTH, the 
windings of this relay are. arranged so that the 

‘flux normally developed therein opposes, - al- 
“though the ampere turns relationship is made 
- sufficient to hold the relay operated by means of 
-its upper winding, 

If there are no idle trunks, the connector steps 
‘to the last trunk which is marked with direct 
round on its H terminal, thereby grounding 
‘the right hand terminal of the upper winding of 
‘relay CTH, effectively shunting. this winding. 
‘The lower winding is fully energized so that flux 
reversal takes place, i. e., the flux in the upper 
winding is no longer effective and that in the 
lower winding becomes controlling, Hence, relay 
CTH releases immediately to stop hunting by the 
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—i{ and contact 
CD—i2 and contact CYD—6 and armature 
CYD—5, and busy tone and flash is applied to the 
calling line.. Relay CBT holds up during re- 
lease of relay CYD because armature CYD—5 en- 
gages contact CYD—6 before the latter breaks 
from contact CYD—7. 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 
to a subscriber during the hunting operation. 
Permanent time release.—When the calling 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 
timing equipment. This circuit extends from 
pickup lead OPU through armature CPT—5, con- 
tact CPT—§, contact CA—9, armature CA—1{0, 
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 switch CSw and for energizing. master 
ground at armature CPT—1 is transferred to the 
office hold lead OH at contacts CPT—2 and 
-CPT—. At the end of the timing out. period, 
‘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- 
‘tablishment of lock out. As soon as relays CD 
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 
winding CZ to battery and from the other side . 
to ground through the paralleled X and Y off- 
normal contacts, contact CD—1, armature CD—6, 
contact CC—4, armature CC—3, contact CPT—2 
and armature CPT—1. 

Relay CPT is released by the operation of relay 
CA at contact CA—9 and armature CA—I0, Re- 
Jease 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. 
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Common timing equipment 

_ Permanent alarm.—There are illustrated in 
the selector and connector circuits permanent 
timing relays SPT and CPT, respectively. If thesé 
relays are omitted, permanent alarm equipmerit 
may be provided in the common équipment as 
shown in Fig. 14. In this case, réferring to the 
selector, the dashed rectangle .C is substituted 
for the apparatus illustrated in thé dashed reé< 
tangle B. Upon the seizure of a selector or a 
connector, the bay ringing and tone start lead 
BRS is. groundéd, thereby completing a circuit 
for energizing relay BTS over a circuit extending 
from battery at one terminal of the winding 
through the winding of rélay BTS, thé lead BRS, 
eontact SD—8, armature SD—7, contact SMT—I! 
and armature SMT—-2 to ground. The office ring- 
ing and tone start lead ORS is grounded by the 
engagement. of armature BTS—i with contact 
BTS—2 to energize the ringing and tone start 
equipment, not shown. 

Energization of relay BTS also prepares a, 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 
BIsS—3, contact BPT—1, armature BPT—8, con- 
tact BALM—i! and armature BALM—2 of the 
bay alarm relay BALM and the OPU lead. This 
circuit causes relay BPT to operate in response 
to pulses received. over lead OPU. Relay BPT 
locks up to the hold lead OH at contacts BPT—17 
and BPT—6 and operates relay. BALM over a 
circuit extending from ground at armature 
BPT—4 through contact BPT—5, armature 
BALM-—8, contact BALM—1 and winding of re- 
lay BALM to battery. Relay BALM locks up 
over a circuit extending from its winding through 
contact BALM-—8, contact BALM—17 to. lead 
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—1, ar- 
mature BPT—2, armature BALM—3 and contact 
BALM—4. 

Allotier time out—The operation of any line 
Telay applies resistance ground. to the allotter 
start relay AS-—{f as previously described. ‘The 
operation of relay AS-i caused ground to be 
placed on the cancel start lead CAS—i{ at arma- 
ture ASi—3, through contact ASi—4 and lead 
CAS—1 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- 
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 generator are received over 
the office allotier timing lead OAT and energize 
relay BCAP through armature. BCAS—1. and 
BCAS—2. The pulses dre repeated by relay‘ 
BCAP and returned to the allotter over one of 
the cancel leads CAi or -CA2 dependent upon 
which half of the allotter is involved. Inasmuch 
as each cancel Jead is connected to one terminal 
of the winding of allotter advance relay AA 
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- 
eycling of the allotter. 
What I claim is: 
1. A telephone system comprising a plurality of 

‘subscribers’ lines, a plurality of calling lines, said
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calling lines being divided. into two: classes,.a-two- 

direction. step: switch having. a: plurality of bank 

contact levels, a.contact -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 to:a: position opposite and then into one 

of said remaining: levels.in: response: to a. 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 set: to move 

directly: into: said one. level: in response to a- call 

on-one. of the lines: of said:one class, the-last- 

mentioned -means comprising.a relay..and. 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 

switch to-move-only: into said one: level. 

-2. -A-telephone: system comprising. a plurality of 

subscribers’ lines,.-a.: plurality-of trunks, a .two- 

direction: step: switch: having a. plurality: of. bank 

contact: levels, 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, a. pri- 

mary-drivinge circuit: for causing said brush set 

to: move: in:aprimary: direction toa, position op- 

posite to-one of said remaining levels: and-.a.sec~ 

ondary driving. circuit for causing said. brush set 

to move in:a secondary: direction into said one of 

said remaining: levels in. response to: a cal]. on. one 

Gf: said subscribers’ lines, a relay, said relay hav- 

ine normally closed contacts in said primary. driv- 

ing <circuif and “means whereby said relay is 

caused to be energized in response to a trunk. call 

di-order to open the primary driving circuit: for 

said brush set whereby said brush set-moves only 

jn said direction: iim response to trunk cajis: 

“3. -A telephone system comprising’a plurality of 

stibseribers’ lines, a: plurality of trunks, a two di- 

rection step switch having. a plurality of bank 

éontact levels; a contact brush ‘set normally posi- 

tioned opposite one level, said trunks terminating 

it 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 a 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 sét directly into said one level 

in. response to a call on one of said. trunks, the 

Jast-mentionéd’ means comprising a.relay,.means 

whereby said rélay 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 

qove in said secondary direction, said relay hav- 

ing.a normally. closed. contact in said first circuit 

anda normally open.contact in said second circuit 

whereby said first circuit is rendered: ineffective 

to.cause._ said. switch to. move in said primary ai- 

yéction in response to a calling condition. on one 

of said trunks. and. said. second circuit is com~- 

pleted.for moving said switch. into said 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,.a, con- 

tact’ brush. set. normally positioned opposite. one 

evel, said lines of said.second class terminating 

jn. said’ one. level, said_lines. of said first. class.ter- 

minating in the remaining levels, means. for. mov- 
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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 

toa 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 off- 

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 ig moved away from normal in. the pri- 

mary direction, and means utilizing said off-nor- 

mal contacts for providing trunk call ideritifica- 

tion to any succeeding step switches. . 

5.. A telephone system comprising a plurality of 

subscribers’ lines,.a. 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’. Jinés- 

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 circuit, 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 beyond. said finder switch, said means includ- 

ing. a switch anda cut. through relay, a circuit 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 circuit: 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 

train for extending a-eall from a calling line’ to 

said called: line; said. extending means including 

a, 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 

a primary direction to a position opposite : to 

and then.in a 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 said trunks, said. 

switch having off-normal contacts operated in 

response to the primary movement means and 

arranged to’ be circuit 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 

‘prush' set: a cut through relay. for extending said 

calling line from: said finder~switch brush ‘set 



2,567,660 
43 

to said selector switch brush set; a: first circuit 
for energizing said relay through certain 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-norma] contacts; whereby trunk calls are ex- 
tended to said selector when said finder switch 
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 both primary and sec- 
ondary directions. 

_ 7. Ina telephone system, a plurality of sub- 
scribers’ lines, 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, each switch having a normally closed 
off-normal contact corresponding to movement 
in each direction and which is caused to open 
by. movement of said switch in its said respective 
directions, means for. releasing said switches to 
their normal positions after a 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- 
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 
link, and a series circuit including said movable 
brush and a contact of said step switch, a source 
of potential, a relay, the selector and finder re- 
lease contacts and the selector and finder off- 
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 contact corresponding to an idle 
link. . _ . 

- 8. A telephone system comprising a two-direc- 
tion step-by-step switch having a 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.a first set: of contact brushes, 
means for directively controlling said set. of 
brushes to move in a primary direction to a 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- 
tion of said first brush set, means for causing 
said first set of brushes to hunt in said one level 
for an idle connection to succeeding equipment, 
and means whereby said auxiliary set is utilized 
to halt hunting of said first brush set at a pre-~ 
determined. position in said secondary direction 
when said brush set is positioned opposite a dead 
level. . 

9. A telephone system comprising a two-direc- 
tion step-by-step switch having a, 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 a first set of contact brushes, 
means for directively. controlling said set of 
brushes to move in a primary direction to a 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- 
tion of said first brush set, means for causing 
-Said first set of brushes to hunt in said one level 
‘for an idle connection to succeeding equipment, 
and Means whereby said auxiliary set is utilized 
to restrict hunting of said first brush set when 
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said brush set is positioned opposite a dead level. 

10. In combination with a switching device 
having 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 
primary. stepping movement, means utilizing 
said auxiliary brush for limiting the secondary 
stepping movement whenever said primary step- 
ping movement is positioned at a dead level. 

11. In a telephone system comprising at least one 
calling station a plurality of groups of called sta- 
tions, 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 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- 
ping movement to select an idle one of said group, 
a relay, a circuit whereby said relay is energized, 
for cutting through the calling line to an idle 
connector, and means for preventing operation of 
said relay and limiting secondary movement of 
said switching device if said primary stepping 
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 switching de- 
vice having a set of contact brushes positioned 
responsive to a primary. stepping movement. for 
selecting a.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 energized 
for cutting through the ealling line to an idle 
connector, and means for limiting the secondary 
movement of said switching device if said pri- 
mary stepping movement comes to rest at a dead 
level. 

13. 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, and at least one selector for cutting 
through a calling station to a 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 select- 
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. movement 
thereof, and means responsive to said primary 
movement halting at a dead level for preventing 
operation of said pulse assist relay and said 
switching device in the secondary direction. 

14. In a telephone system, a. calling line, a 
finder circuit including a step-by-step switch 
for finding said calling line, a called line, a con- 
nector circuit including a step-by-step switch for 
completing a connection from said calling line
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to -gaid called line; each of-sald :switches.com- 

_sprising -a-set-of contactbrushes positioned -re- 

“-gponsive to: stepping: movement; said“finder-and 

-gaid-connector switcheseach:having an:auxiliary 

-contact ‘brush: positioned -according. to'the -posi- 

=tion of said brushes; :a source. of timing- pulses, 

-means utilizing ‘the connector -auxiliary “brush 

“for conducting. timing - pulses : from -said . source 

directly to-said connector circuit :and means zati- 

*lizging the ‘finder auxiliary brush: for :eonducting : 

-timing-pulses from:said source indirectly. to: said 

connector ‘circuit through said: finder ‘switch. 

415. -In -a. telephonesystem,’.a--calling -line,:.a 

“~finder-circuit for finding said.calling line, a:called 

“dine; -a connector -circuit - for completing. ..a.con~ 

“nection from: said callingline ‘to-sdid-called-line, 

each circuit including-a-two ‘motion switch, each 

“switch comprising a:set- of contact brushes: posi-~ 

tioned responsive:to- a: primary ‘stepping -move- 

-ment: and..a-secondary -stepping :-:movement,.said 

afinder-and-said-connector -switches-each--having 

. git 'auxiliary- contact‘brush-positioned -according 

to-said -primary stepping movement;.a source: ‘of 

timing’ pulses, "means “utilizing said’ finder and 

«gadd-connector :auxiliary- brushes: for “respectively: 

-eonducting -timing pulses directly -to “Said-con- 

-nectorcircuit. and - indirectly -to said ~connector 

-eircuit through said -finder--switch,. and «means 

<for--dismissing ‘the: completed - cireuit safter-re- 

-ceipt of a predetermined number. of said -pulses.: 

26. In: a-telephone--system; a-calling ‘line;a 

“Snder-circuit for findine-said-calling line; a-calléd 

“dine, -a,-connector- cireuit-for -completing-a: con- 

nection from: said-calling. line‘to-said called line, 

‘each circuit incliding-a:twe motion switch,-each’ 

-gwitch:comprising-a-set of contact brushes -posi- 

-tionedresponsive. to: a-primary: stepping «move- 

-ment: and a-secondary-stepping : movement, ‘said 

“inder ‘and-said- connector :switches -each -having 

~gh-auxiliary contact brush ‘positioned. according 

-tov-said primary stepping: movement,-2 source: of 

-etiming~ pulses, means’ utilizing: said: finder::and 

“said: connector ‘auxiliary ‘brushes for -respective- 

‘Jy conducting timing pulses: directly-to said: con- 

-nector -circuit-and- indirectly. to: said -connector- 

circuit through said finder switch, and:means-for 

: dismissing the completed:circuit. after receipt of 

a predetermined: number-of said:pulses, the ‘last 

- mentioned means comprising a step-switch, and 

means whereby said step. switch is. caused:to ad- 

vance one step: upon. receipt. of each timing pulse 

~and circuit means associated: witha predeter- 

“mined one of said steps. 

“472 In-a -telephone-:system,. a calling: -line,.a 

finder circuit-for finding’said calling line; a-called 

~line,- a connector: circuit: for completing. a-con- 

-nection: from ‘said-calling line to said-called:tine, 

“each circuit including a two motion switch,;-each 

.gwiteh comprising a-set- of contact: brushes-posi- 

‘tioned responsive to a primary. stepping ‘move-- 

-ment-and a secondary: stepping *mevement; “said 

“@nder-and said connector -switches-each having 

“an auxiliary contact ‘brush: positioned: according 

:to ‘said. primary stepping’ movement: respectively, 

a source of timing’pulses, means utilizing -said 

“finder and said: connector- auxiliary brushes’-for 

respectively conducting timing pulses’ directly ‘to 

.gaid:connector cireviit and-indirectly:to said-con- 

‘nector circuit through said finder ‘switch, a ‘step 

switch, 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 switch reaches 

-g- predetermined™step; whereby ‘the parties: uti-: 
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izing’ the talking circuit:are apprised: of the pas- 

«gage ‘of-a-predetermined ‘amount of conversation 

“time, and means responsive: to said step “switch 

-reaching another step of said step switch for idis- 

-nissing-the: completed circuit. . 

18. In a-telephone’ system, ‘plurality of lines, 

a finder ‘circuit.for finding a-calling one of:said 

lines, a connector circuit for completing:.a.:con- 

nection from said calling “line ‘to. a ‘called :line, 

eachcircuit including a. two-motion ‘switch,*eacth 

switch 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 

an. auxiliary contact ‘brush ‘positioned according 

-to-said: primary stepping: movement, a-source ‘of 

-timing .pulses, means utilizing -said ‘finder: ‘and 

~gaid- connector auxiliary brushes for: respectively 

conducting «timing pulses: directly :to ‘said. con- 

nector-circuit and. indirectly to. said :connector 

~eixeuit: through -said finder switch, .means:. for 

“dismissing the-completed ‘circuit after -receipt:of 

~g ypredetermined number. of said: pulses, ::and 

means ‘effective on-calls to or from: certain: ‘of 

said :lines’:for -rendering -ineffective.said timing 

means. 
‘19, In. a-telephone system, a plurality-of-lines, 

a finder :circuit-for’ finding a:calling one. of-said 

Jines, 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: posi-~ 

‘tioned ‘responsive to a primary. stepping move- 

-ment.and a: secondary stepping: movement, said 
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finder-and ‘said connector: switches each having 

‘an auxiliary contact brush: positioned ‘according 

to the position of said- primary: stepping ‘move- 

ment, a source of timing ‘pulses, means. utilizing 

‘said ‘finder and -said connector auxiliary brushes 

“for respectively conducting timing pulses directly 

-to: said connector -cireuit and indirectly to: said 

“eonnector «circuit: through ‘said finder. switch, 

-qneans: for dismissing ‘the completed circuit after 

receipt of-a predetermined number of said.pulses, 

the ‘last mentioned means comprising a step 

switeh; circuit: means: effective on. completion-of 

‘@-eall to or from -certain lines. for connecting:said 

source of pulses to said step switch whereby said 

~step switch. advances ‘one step upon receipt: of 

each timing pulse, a. source of potential, and 

-eiteuit: means effective on.completion of .a. call 

to -or from - certain other lines’ for connecting 

-gaid source-of potential to said. switch-whereby 

said: step switch is prevented from advancing:to 

time:the completed.connection. 

20. In a telephone ‘system, a plurality of lines, 

“@-finder circuit for finding a. calling. one of ‘said 

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 aid primary: step- 

ping movement, means for timing the conversa- 

tion-period-on certain of. said lines; the remain- 

ing lines being entitled to unlimited conversa- 

tion ‘time,’ source of potential, a step’ switch, 

-@-periodically operated ‘switch circuit for con- 

necting said step switch through at least: one: of 

said: auxiliary switches‘to:said source of potential 

through ‘said“periodically operated ‘switch where- 

“by sdid“step' switch is caused:to advance*to Aime
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the completed. connection, means for. dismissing 
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 
said. one of said auxiliary switches when the 
completed connection includes a line entitled to 
unlimited conversation time. 

21. In a telephone system; a. calling line; a 
called line; a series-connected ringing circuit 
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 said 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 alternating. ringing current being 
effective to 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 ringing 
circuit when the called party answers. 

22. In a telephone. system; a calling line: a 
called line; ringing mechanism connected to said 
called line; a series-connected ringing circuit 
comprising a relay shunted by a condenser hay- 
ing low impedance at the ringing frequency, a 
‘source of alternating ringing current of a de- 
sired ringing frequency, a source of direct cur- 
rent, and said called line; means for completing 
said circuit only for ringing current: through 
said ringing mechanism when said called line 
is inactive whereby said alternating current is 
effective to cause ringing of the called line, and 
means responsive to the answering of a call for 
completing said circuit for direct current to op- 
erate said relay to disconnect said ringing cir- 
cuit from said called line, and means responsive 
to the operation of said relay for completing the 
extension of the calling line to the called line. 

23. A telephone system comprising a calling 
line including an impulse transmitter, a called 
line, means for extending -a call from said call- 
ing line to said called line, a directively operat- 
ed switch, a relay, means for energizing said re- 
lay preparatory to the receipt of impulses cor- 
responding to the transmission of a ringing digit, 
means for maintaining operated said relay dur- 
‘ing receipt of said pulses, means responsive to 
the receipt of impulses of said ringing digit for 
advancing said switch to a position determined 
by the number of impulses in saiq ringing digit, 
@ source of ringing current, means for applying 
said ringing current in accordance with 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 causing said 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 period, and means effective at 
the end of the timing period for reoperating said 
relay to dismiss the call, 

24, A telephone system. comprising a calling 
line including an impulse transmitter, a called 
line, means for extending a call from said call- 
ing line to said called line, a directively operated 
switch, a relay, means for energizing said relay 
preparatory to the receipt of impulses corre- 
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sponding to a ringing digit, means for maintain- 
ing operated said relay during receipt of said 
pulses, means. responsive to the receipt of im- 
pulses of said ringing digit for advancing said 
switch to a position determined by the number of 
impulses in said ringing digit, a source of ringing 
current, means for applying said ringing cur- 
rent in accordance with the position of said 
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 for causing said switch to return to its home 
position, a source of timing pulses, means utiliz- 
ing said timing pulses for reoperating said switch 
to time the duration of the conversation period, 
and means effective after receipt of a pre-de- 
termined number of timing pulses for reoperat- 
ing said relay to dismiss the call. 

25. A telephone system comprising a calling 
line including an impulse transmitter, a called 
line, said line including tip, ring, and sleeve con- 
ductors, means for extending a call from said 
calling line to said called line, a directively op- 
erated switch, a 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 
line after extension of a calling line thereto, 
means for maintaining operated said relay dur- 
ing receipt 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 said ringing digit for re- 
leasing said relay, a source of potential, means 
effective upon the release of said relay for con- 
necting said potential to said sleeve conductor 
to hold the extended connection after. the call 
is answered, a source of timing pulses, means 
utilizing said timing pulses for reoperating said 
switch to time the duration of the conversation, 
and means effective aij the end of the timing 
period for reoperating said relay to dismiss the 
call by removing said potential from said sleeve 
conductor. 

26. In a telephone system, a calling line, a called 
line, @ finder circuit for finding saiq calling line, 
a connector circuit for completing a. connection 
to said called line, means for extending a con- 
nection between said lines including said finder 
and said connector circuits, each of said circuits 
including a switch comprising 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 4a first cir- 
cuit 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 connection for con- 
ducting timing pulses indirectly to.said connector 
circuit, and means for dismissing said. extended 
circuit after a predetermined number of timing 
pulses is received in said connector. 

27. In a telephone system, a calling line, a 
calling line, a called line, and means for extend- 
ing a connection between sai lines, a busy test 
relay for preventing said extension if saiq called 
line is busy and for permitting said extension if 
said called. line is idle, means for 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 ringing to. operate said busy test
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felay,..and_ additional. means. responsive to, the 

called line being answered. and. ‘the operation 

of -said. busy test relay for initiating operation. 

of said conversation timing means. 

28. In a telephone system, a plurality of. lines, 

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 said. 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 tind 

the operation of said busy test.relay. for. initiat- 

ing operation of said.conversation, timing. means, 

and means effective on: calls involving certain 

of said lines for limiting operation of.said.timing. 

means. 
29; In a telephone system, a plurality of lines, 

means for. extending a. connection. between two 

of said lines, a busy test relay, means for ener- 

gizing said’ relay when a. busy condition is.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 ringing the 

called line, conversation timing means, -means 

responsive 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 

conversation. timing means, and::means effective 

on calls invoiving certain of said lines. for pre- 

venting operation of said timing means. 

. 80.In a telephone system, groups of calling 

and: called lines, means for extending a connéc- 

tion. between a 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 lite for enabling said 

extension, 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’ 

restoration of said controlled means-for -energiz- 

ing’ said relay to conduct timing pulses to said 

controlled means: when said extending means is 

positioned corresponding to one group of lines, 

and means responsive to said extending means 

being positioned corresponding to another group 

of lines for preventing reoperation of said con- 

trolled means. 

81. In a telephone system, a calling Jine, a 

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 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 

to-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 to 

its home position and for removing said ring- 

ing current from said called line, means respon- 

sive to said directively. operated means reaching 
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its home position for. re-energizing, said, relay, in 

order. to, maintain open said release. circuit, a 

source of. timing pulses, a circuit “utilizing said. 

pulses for re-operating. said tively operated. 

means: to. impress; timing | ‘signals on said. lines 

whenever . said. step. switeh is .in. a position cor. 

responding to lines equipped for conversation, 

timing .and, for, preventing, re- -operation ‘of. said. 

directively operated means when said switch ‘is. 

in. a: position. corresponding. to. lines with respect 

to. which. conversation timing is not ‘desired. - 

82,.In a telephone system, a calling line, 3, 

called, Jine, 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-. 

energized when. found. idle, said relay. also Ben 

ing effective to enable: sai 

pleted when said, relay. is: de energized, direc 

ly operatedmeans responsive: to the de- énergized, 

condition of said, relay for, applying ringing. cur=- 

rent to:the called line in response to the receip 

of a ringing digit from the calling line, release. 

circuit means, responsive. to answering of. ‘the. 

call for.returning said directively operated means 

to. its home position and, for removing said ring-. 

ing current from said called line, means respon. 

sive to. said. direccively. operated means, reach- 

ing its home position for re-energizing said re- 

lay in order. to maintain open said release 

cuit, a source of timing pulses, a circuit. w is 

ing said pulses for re-operating said, directively 

operated means. to. impress timing. ‘signals Ta, 

said lines whenever said step switch is in.a ‘posi- 

tion corresponding to. lines. equipped for con- 

versation timing. and. for. preventing re-opera- 

tion. of said. directively operated-means when said, 

switch is in a position corresponding to. lines 

With respect to which conversation timing ‘is ‘not. 

desired, said ast mentioned circuit including re-, 

sistance means, having a sufficiently low. cold re- 

sistance to permit timine. pulses. to.pass, relati . 

ly unimpeded but a sufficiently, high hot resist-. 

ance.to limit the current. in said jast-mentioned : 

circuit. 

33. In a telephone system, a calling Jine, a 

called line, means including..a step -switeh | 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, 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 .cur-.. 

rent, to. the called 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 directively 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.equipped for. conversation.’ 

timing -and for preventing re-operation .of. said 

directively operated means when said switchsis 

in.a position: corresponding to-lines with respect. : 

76 to-which conversation timing: is-not desired, said:
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last-mentioned... circuit - including. resistance 
means having a thermal coefficient of resist- 
ance such that current of relatively high value 
is permitted to pass for energizing said directive- 
ly operated means: but the current is thereafter 5 
reduced sufficiently to maintain energized said 
directively operated means while not exceeding 
a safe value with respect: to continuous energiza- 
tion. 

34. In a telephone system having a called line, 
a called station, a calling line, a calling station 
including means. for transmitting a series of 
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 calling line, a connector including a first 
directively operated step switch for connecting 
Said extended calling line and said called line 
in response to the receipt of said pulses, a busy 
test relay for determining. whether said called 
line is busy or idle, a second directively operated 
step switch having a first operating circuit for 
causing said second switch to move to a position 
to apply ringing current to said called line, and 
an answering relay energized when the called 
Station answers, a release circuit for returning 
Said second switch 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 
circuit 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 pulses, means utilizing said - find- 
ing means and also said first 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 said first step 
switch when said first step switch is positioned 
ai another level whereby said second switch ad- 
vances one step and is then held at that posi- 
tion, said ballast resistance having a thermal 
coefficient 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. 

35. In a telephone system, a plurality of sub- 
scribers’ lines, 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, 
each switch having a normally closed off-normal 
contact corresponding to movement in each direc- 
tion and which is caused to open by movement of 
Said switch in its said respective directions, means 
for releasing said switches to their normal posi-- 
tions. after a 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 a different link, and a series 
circuit including said movable brush and a con- 
tact of said step switch, a source of potential, a 
relay, and the selector and finder off-normal con- 
tacts of the link being tested, and means for caus-. 
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ing movement of said brush successively té engagé 
said bank contacts whereby said relay is ener- 
gized whenever said brush engages a bank con- 
tact corresponding to an idle link. 

36, In a telephone. system, a plurality of sub- / 
scribers’ lines, 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, 
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 
positions after a stepping operation, said releas- 
ing means including a contact which is closed 
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 
a contact of said step switch; a source of poten- 
tial, a relay, and the selector and finder rélease 
contacts of the link being tested, and means for 
causing movement of said brush successively to 
engage said bank contacts whereby said relay is 
energized whenever said brush engages a. bank 

. contact corresponding to an idle link. 
37, In a telephone system, a plurality of sub- 

scribers’ lines, 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, 
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, 

49 means for releasing said switches to their normal 
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Positions after a stepping operation, Said releas- 
ing means including a contact which is closed 
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 contact 
being connected to a different link, and a series 
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 
off-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 contact corresponding to an idle 
link. 

38. In a telephone system, a plurality of sub- 
seribers’ 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- 

65 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. 
positions after a stepping operation, said releas- 
ing means including a contact which is closed 

70 during. the stepping of said switch, and means 
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 
testing the idle condition of said links, each bank: 

75. contact being..connected to a. different 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, orie 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- 

gized 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 said device 

is positioned at a dead level, said Jast-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, a plurality of lines, 

a finder circuit for finding a calling one of said 

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 
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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. ‘ 
FRANK A. MORRIS. 
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