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The present invention relates to zone
metering telephone systems in general but
is concerned more particularly with zone
metering telephone- systems in which calls

5 are extended through the medium of auto-
matic switches; and the principal object,
briefly stated, is the provision of new and

improved circuit arrangements for such a

system in which a calling subscriber is
o charged for a completed call according to

the zone in which the exchange of the called

subscriber is located, and in which the charge

is determined and assessed by means of

equipment located in the exchange in which
15 the calling subscriber’s line terminates.

Another object is the provision of im-
proved cireuit arvangements whereby the
initial charge made at the beginning of the
conversation is repeated at intervals in case

20 the conversation is longer than a predeter-
mined interval.

Another object of the invention is an im-
proved circuit arrangement whereby the sub-
scriber’s meter is operated to register the

23 charge.

Still another object is to prevent a sub-
scriber from calling beyond a predeter-
mined zone.

Other objects have to do with the refine-
nent of the various circuits used so as to
make them mote efficient and practical.

These objects, together with others which
it is not necessary or convenient to point out
now. will be pointed out and explained more
35 fully hereinafter, reference being had to

the " accompanying drawings comprising

Tigs. 1-4, inclusive. which show by means

of the usual civeuit diagrams a sufficient

amount of the apparatus employed in a sys-
40 temn embodying the principles of the inven-
ticn to enable the same to be understood.

Tigs. 1, 2 and 3 of the drawings, when
placed in order with the corresponding lines
at the ends thereof in alignment represent
sufficient apparatug for o complete connec-
tion from the calling substation A. Fig. 1, to
a called substation A’ Fig. 3.

Fig. 4 should be placed under Fig. 2 with
the corresponding lines in alignment. The
50 ppparatus shown in this drawing is used to

acsess the proper charge by operating the

subscriber’s meter 2 number of times when
the called man answers and a number of

o

o
<

-y
(o1}

times thereafter depending upon the length
of the conversation.

Fig. 5 is a layout showing the arrangement
of exchanges and some of the interconnect-
ing trunks. Ifach of the exchanges is num-
bered in accordance with the number that
must be called by a subscriber, whose line
terminates in the exchange O, to reach that
exchange. The 3rd exchange, for example,
is reached from exchange O by dialling 3,
the 33rd, by dialling 8—3, the 86th, by dial-
ling 3—06, the 367th, by dialling 3—6—T, etc.
The surrounding territory is laid out in
zones determined by the concentric circles
drawn around the 3rd exchange which is a
switching center for certain calls.

Referring now again to Figs. 1, 2 and 4,
the automatic switches shown therein, com-
prising the line gwitch C, the selector D, the
repeater B, and the metering equipment in
Fig. 4, are assumed to be located in the ex-
change O, Fig. 5: the remaining equipment
in Fig. 2 comprising the selector F and the
repeater E, which are denoted by the dotted
rectangles bearing those reference charae-
ters, is assumed to be located in the third
exchange, Fig. 5.

In Fig. 3, the selector G and the repeater
2 are assumned to be located in the 36th ex-
change: the selector H and the repeater E?
in the 367th exchange; and the selector .J,
connector IX. and line switch C” are as-
sumed to be located in the 3674th exchange.

Tn connection with Fig. 5, it will be noted
that there. are other exchanges beyvond the
4th zone, but a calling subseriber is not per-
mitted to ¢all beyond the 4th zone, such calls
being taken cave of by the regular toll sys-
tem. Iowever, subscribers in the 36th ex-
change are permitted to call to the next ex-
change beyond the 3674th and since all calls
going from the 36th exchange to the one
next in order which is the 367Tth take the
same group of trunks, special means must
be provided to prevent o calling subscriber
{rom ealling inte the 5th zone or even
further in case he knows or can find out
what number to call in order to reach the
desired  subscriber. This is prevented by
making a diserimination amongst the vari-
ous digits dialed after the 4th zone is
reached, as will appear more fully herein-
after. v
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The calling substation A, Fig. 1, is an
omlnan automatic substatlm h'wmw the
usual alking, ulonalhno and switch con-
molh“xg instrumentalities. The substation

, Fig. 8, is an exact Juphmte of the sub-
station A.

The line switch C, Fig. 1, in which the
line of substation A terminates, is mechani-
cally of the usual votary type in which the
wipers have no normal posmon and move
in a forward direction only. 10 relay 6
has a copper collar in order to make it slow

acting. This copper collar., however, is
p].a(‘ed on the armature end of the relav
rather than on the heel end. in ovder to m‘lke
it somewhat glow to pull up, as well as slow
to fall back. This difference is indicated in
the drawing by sh 0\\”1110‘ the copper slug in
solidl bhch instead of shaded. The line
switch ', Fig. 8, which is denoted by the
dotted rectangle bearing that reference char-
acter is assumed to be an exact duplicate
of the line switch .

The selector D, Fig. 1, ie an automatic
switch of the usual ver FHeal and rotary type
in which the bank contacts are arranged in
horizontal rews or levels. The cirenits of
this switch arve chown complete and will be
exp lained fully hereinafter. The selectors
¥, G, H and J, W]{llth are denoted by dotted
re(i'ww] 5, B 1<‘~ 2 and 8, may be exact dn-
plicat of SOICC‘LO; D, Fig. 1, with the ex
ception that, since these latter switches ave
incoming selectors, ‘the release trunk con-
ductors, such as the release trunk conductor
24 ot the gelector D, ave omitted.

The repeater T, Fig. 2, with the exception
of the addition of cut off 1 relay 108, is sub-
stantially identical with a great many of
the automatic repenters now 171 common use.
The functions. of repeaters ave well known
and do not need to be dwelt upon at this
time. The circuits of this repeater will be
exp]alﬂed in the course of the upecﬁmmoﬂ

Fach of the repeaters B/, E* and ¢, which
are denoted by dotted rects no{[eso Tlg. 2
and 3, are assumed to be identical with the
repe eater .

The metering eqummept shown in Fig. 4,
with, the e:‘{(f‘v‘tl'oﬂ of the common hmmc de-
vices mc‘ tone machine shown in the lower
part of the dr qwums, is i dividua? to the re-
peater E, and iz composed of the group of
relays shown, together with a plurality of so

called minor switches, comomsmn switches
§-8¢ inclusive. Hach of these switches is
of sxmplp construction and mrvleu one or
two  wipers; chendmo upon its function,
and has movement in one mee only. being
operated by a single magnet and restored to
normal by a smnle other m‘mnet It is with
the equipment on this sheet, together Wlxh
its combination with the remaining part of
the equipment, that the invention is chiefiy
concerned.

The timing device T, shown in the lower
part of
netically operated pendulum, belng m_ldnng
to close an external circuit once during each
cycle of two swings. The cumulative time
switch CT, associated with the timing device
T, is arranged to close its contacts at inter-
vals which are directly proportional to the
number of teeth thereon. The operation of
these devices will be explained fully herein-
after.

The spparatus, having been described
more less in general, will now be described
in connection with a detailed deszeription of
its operation. For this pvrp%e it will )0
assumed that the subscriber ot t substation A
Fig. 1, whose line terminates in the evch‘mho
0, Fig. 5, desires tc converse with the sub-
scriber at substation A’ . Fig. 3, whose line
terminates in the 3674th exchange, Fig. 5,
and whose number, when called from the ex-
chenge O is 8.674,821. “’Iﬁeﬂ the receiver is
removed at substation A, o cireuit is closed
over line conductors 2 and 3 for line relay 6
of the line switch C. T.ine relay 6, upon en-
ergizing, places ground upon private nor-
mal conductor 4 at ﬂl‘m‘ﬁmc 13, thereby

closing a cireuit [m switching relay 5 and

stepping magnet 7 in ser 103, and at armature
12 connects test wiper 16 to the eireuit at a
point between switching relay 5 and step-
ping magnet 7. The operation now depends
upon whether the trunk, npon which the
wipers of the line switch are standing, is
busy or idle. If it is idle there is no ground
potenml upon the test contact ‘herml and

michmﬂ relay 5 energ 'fev immediately.

On the other hand, if it is busy the test con-
act thereof is g}.fnmrlnﬂ: switching relay 5
is short circuited; and ‘”f(‘}"‘{’)l”l“ magnet 7
which interrupts its {m n cirewit in operated
in the manner of a buzzer to advance the
gwitch wipers 14-17; inclusive, in reavch of
an idle trunk. Assuming that the trunk
comprising conductors- 22-25, inclusive, is
the first one found to be idle, S“Vlf(” aing re-

lay 8. being no lenger short cln el after
the wipers 14-17, inclusive, a3 EG upon bank
contacts 18-21, mchmve enermizes in series
with stepping: m?sznm 7. Stepping magnet

T, however, does not
accouﬂt of he hi h 2
rehy '7,, vp@‘w emrm“

ing, com’wec,s the meter B at armature 9 9, by
way of Wlper 15, bank contac} 19, and trunl
conductor 93. to ar mff"zm 3% of the meter
operating relm’ 30; the test cirenit and
grounds the test *“per thereby making a
.:ClZOd trunle busy immediately, at armature
10 and at armatures 8 and 11 dis connoctﬁ
the Imn conductors 2 and 3 from the winding
oi‘ ]me relav 6 “nd from grou respective-
them by w e working
ese armatures, wipers 14 and
18 and 21, conductors 22

eont Li“ of t
17, bank contacts 1

Fig. 4, is essentially an electromag- .
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and 25, and armatures 51 and 54 to the up-
per and lower windings of line relay 40 of
the selector D. Line relay 40, upon energiz-
ing over the calling subscriber’s loop, closes
a circuit for release relay 41 at its armature
45. Release relay 41, upon energizing, opens
a point in the circuit of release magnet 60
and prepares a circuit for vertical magnet
62 at armature 47, and at armature 46 places

: ground upon release trunk conductor 24,

o

thereby completing the usual holding circuit
for switching relay 5 of the line switch C
before the slow acting line relay 6 has had
time to deenergize.

When greund is placed upon release trunk
conductor 24, a eireuit is elosed for relay 31.
and the said relay. upon energizing, closes a
cireuit for the upper and lower windings of
metering relay 30 at arinatures 33 and 34
Relay 380, however, heing differentially
wound. does not energize at this time.

The calling subseriber now operates his
calling device in accordance with the first
digit 3 in the desived number, thercby pro-
ducing three interruptions in the circuit of
Jine relay 40 of the selector D. Upon deen-
ergizing, in response to each of these inter-
ruptions, line relay 40, closes at armature
45 the following circuit: From greund by
way of the resting contact of armature 53
and said armature. armatnre 43 and its rest-
ing contact, armature 47 and its working
contact, relay 42, and vertical magnet 62 to
battery. By the operation of the vertieal
magnet, the switch wipers 66-68, inclusive,
are raised opposite the third level of bank
contacts. Relay 42 is energized in series
with vertical magnet 62 and. being slow act-
ine. retains ils armature 48  attracted
throughout the series of interruntions. and
upon the closure of off normal contacts 65,
which cceurs upon the completion of the first
vertical step. completes a circuit for step-
ping relay 43. Stepping relay 43. upon en-
ergizing, closes a locking cireuit for itself at
armature 49, and at armature 50 prepares a
circuit for the rotary magnet 63.

At the end of the vertical movement, slow
acting relay 42 deenergizes. theveby complet-
ing a cireuit for rotary magnet 63 includ-
ing armatures 46. 48 and 50. TRotary mag-
net 63, upon energizing. advances the wip-
ers 66-68, inclusive, into engagement with
the first set of contacts in the third level. at
the same time opening the cirenit of stepping
relay 43 ot interrupter contacts 64. Step-
ping relay 43, upon deenergizing, opens the
cirenit of rotary magnet 63 at svmature 50,
Rotary magnet 63, upon deenergizing, closes
its interrupter contacts 64 again. If the
trunk terminating in the first set of contacis
s idle. switching relay 44 energizes Imme-
diately, but if the trunk is busy there is a
ground potential on the test contact thereof.
switching relay 44 is short circuited, and

o

stepping magnet 43, upon energizing, closes
the cirenit of rotary magnet 63, whereupon
the wipers are advanced into engagement
with the second set of contacts. This alter-

nate operation of votary magnet 63 and
stepping relay 43 continues until an idle

trunk is resched.

Assuming that the trunk comprising con-
ductors 72-T4, inclusive, is the first one
found to Le idle, switching relay 44, being
no longer short cireuited when the switeh
wipers arrive upon the bank contacts 69-71,
inclusive, cnergizes over the following cir-
cuit: From ground by way of the working
contact of armature 46 and said armature,
switching relay 44, off normal contacts 65,
interrupter contacts 64, and stepping relay 43
to battery. Stepping relay 43, however, does
not energize at this time owing to the high re-
sistance of switching velay 44. Switching re-
Tay &b, upon energizing, disconnects ground
from armature 45 of line relay 40, at armature
531 opens the test cirenit and places ground
on test wiper 67, thereby making the scized
trunk busv limediately, at armature 5273 and
at armatures 51 and 54 disconnects trunk
conductors 22 and 25 from the windings of
fine relay 40 and extends them by way of
the working contacts of these armatures,
wipers 66 and 68, bank contacts 69 and 71,
trenk conductors T2 and 74, and the normal-
Iy closed contacts controlled by armatures
107 and 108 to the upper and lower wind-
ings, respectively, of line relay 101 of the re-
peater Ti. Tiine relay 101, upon energizing.
closes the circuit of the slow acting release
relay 102 at armature 109, Release relay
102, upon energizing, prepares a cireuit for
slow acting relay 103 at armature 1131 places
aground on conduetor 130 at armature 112:
and at armatuve LT places grennd on release
trunk condnetor 73 by way of condietor 128,
which cenductor is grounded Ty way of the
normally cloged econtacts controlled by ar-
mature 147, Mg, 4. The placing of ground
upon releage frunk conductor T3 closes the
usual helding civenit for switching relay 44
of the selector D and switehing relay 5 of
the line switch C hefore the slow acting ve-
lay 41 of the selector I has had time (o deen-
ergize.

In the repeater as a further result of
the energization of line velay 101, it places
a bridge across the conductors of the trunk
extending to the selector I, at armature 110,
as follows: From the lower conductor of the
said trunk, by way of armature 118 and its
resting contact, working contact of armature
110 and said armature, lower winding of
electropelarized relay 104, impedance 103,
and armature 114 and its resting contact. to
the upper conductor of the said {runk. In
response te the closure of this bridge, the
line and release relays (not shown) of the
selector I energize, thereby preparing the
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gwitch for operation in the usual manner.
Tt will be nofed that current is now flowing
through boeth the upper and lower windings
of electropolarized relay 104. The said ve-
lay is not energized at this time, however,
owing to the fact that the curreat flowing
in either winding is in a direction opposite
to that flowing in the other winding.
Neither will the relay energize if one wind-
ing is opened becanse neither winding alone
is able to energize the relay.

The calling subseriber, having called the
first digit 3 by which means he extended a
connectlon to the selector ¥, Fig. 2, which
15 located in the third exchange, Fig. 5, now
operates his calling device in accordance
with the second digit § in the desived num-
ber, thereby producing six interruptions in
the circuit of line relay 101 in the repeater
T. Tach time line relay 101 deenergizes in
response to one of these interruptions, it
opens the hridge across the trunk line lead-
ing to the selector I at armature 110, there-
by producing six interraptions in the circuit
of the line relay of the selector F. Blow
acting relay 103, the civenit of which is
closed at armature 109 upon cach deenergi-
zation of line velay 101, is maintained en-
ergized throughout the sevies of interrup-
tions and at armature 114 shifts the bridge
across the conductors of the trunk leading
to the selector I" so that it includes a more
direct path which is exclusive of the im-
pedance 105 and the lower winding of elec-
tropolarized velay 104. This is the nsual

xpedient made use of in order to obtain
firgt class switeh control.

In response to the six interruptions pro-
duced in the circuit of its line relay, the
selector ¥ in the 8rd exchange raises its
shaft and wipers until the latter stand oppo-
site the 6th level of bank contacts and, upon
the termination of the series of interrup-
tiong, rotates its wipers and picks out an idle
trunk leading to the 36th emchange, Fig. 5,
which trunk we shall assume is the one con-
trolled by the repeater /. That being the
case, the repeater B/, upon being seized, pre-
pares itself for operation in the usnal man-
ner and at the same time closes a bridge
across the conductors leading to the selector
(3 in the 36th exchange, wherenpon the said
selector prepares itself for operation in the
usual manner.

The calling subseriber now operates his
calling device in accordance with the third
digit 7 in the desived number, whereupon the
seven interruptions produced are repeated
from the repeater E to the repeater I and
thence to the selector &+ in the 36th exchange,
and as a vesult the selector G ‘ralses its
wipers to the ceventh level and picks ont an
idle trunk, which trunk we shall assume is
the one T

xtending to the 367th exchange,
Fig: 5, and controlled by the repeater 2

1,653,380

That being the case, the repeater E? and also
the selector H, in the 367th exchange, with
which the repeater E* is dirvectly associated,
ave. preparved for operation in the usual
manner.

In vesponse to the calling of the next digit
4. the four interruptions produced by the
calling subseriber’s calling device are re-
peated from the repeater B to the repeater
17 and from thence to the repeater 2 which
repeats them to the incoming selector I in
the 387th exchange. As a result, the selector
T4 raises its shaft and wipers to the 4th level
and rotates them to pick out an idle trunk
teading to the 8674th exchange, Iig. 5, which
trunk we ¢hall asswine is the one controlled
Iy the repeater T8 That being the case, the
vepester K and algso the celector J, which
is located in the 3674th exchange, ave pre-
paved for operation in the usual manner.

In response to the calling of the next digit
& 1n the desired nuwmber, the eight interrup-
tions produced are repeated from the re-
peater T to the vepeater IE7 and thence to
the repeater E® and from thence to the re-
peater K?, which vepeats them to the incom-
ing selector J, which raises its wipers to the
eighth level and rotates them to pick out an
idle connector. Assuming that the connec-
tor 3 s the one selected, the line and release
relays thereof pull up, thereby preparing the
switeh for operation in the usual manner.

In respouse to the calling of the remain-
ing two digits 21 in the desired number,
the connector ¥ operates first fo raise its
wipers to the second level and then to bring
them into engagement with the first set of
contacts in that level, which get is the one
in which the desived line terminates. The
connector I (by means of a ringing circuit
which is not shown) now projects ringing
current out over the called line, intermit-
tently, thereby ringing the bridged bell at
the called sub-station.

Returning now to the rvepeater B, Fig. 2,
and the associated apparatus in Fig. 4, the
operation of the metering equipment will
now he explained. When relay 101 of the
repeater I operates in response to the call-
ing of the second digit 6, each time it de-
energizes it transmits an impulse of current
to slow acting relay 103 by way of arma-
ture 109 and 1ts resting contact and arma-
ture 113 and its working contact, as ex-
plained hereinbefore. - A branch of this cir-
cuit extends by way of conductor 126 to re-
lay 136, Iig. 4. and another branch cxtendg
stil further by way of wiper 177 of the
gwitch B to rotary magnet 166 of the switch
7. Accordingly when the second digit 6 is
dialled rotary magnet 166 of the switch &7
is operated six times, theveby bringing the
wipers 178 and 180 intc engagement with
the 6th set of contacts, which set comprises
contacts 206 and 207. - Wiper 180, upon com-
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ing into engagement with bank contact 207,
prepares a circuit for rotary niagnet 167
of the switch 8% Wiper 178, upon coming
into engagement with hank centact 206,
places ground upon the second zone meter-
ing conductor 222, which conductor extends
to and terminates in the bank of the meter-
ing switch S the Hrst zone metering .con-
ductor 221 having been grounded at off nor-
mal contacts 179 as soon as the switch was
moved from its normal position, in respolise
to the frst impulse of current sent to the
magnet 1606.

Slow velay 136 energizes when the first.
i ground impulse is sent over impulse con-

ductor 126 and, being slow acting, retains
its armatures attracted throughout the se-
ries of impulses. Upon energizing, relay
186 closes a cireunit for slow acting relay 135
at armature 145. Slow acting relay 135,
upon energizing, prepares a circuit for step-
ping magnet 165 of the switch S at arma-
ture 143, When relay 136 deenergizes, at
the end of the series of impulses, it opens

i the cireuit of slow acting relay 135 at arma-

ture 145, at the same tune closing a circuit
for stepping magnet 165 by way of arma-
ture 143 and its working contact. Stepping
magnet 165, upon energizing, advances the
wiper 177 into engagement with the second
bank contact. A moment later, slow act-
ing relay 135 deenergizes and opens the cir-
cuit of stepping magnet 165 at armature
143.

in response to the calling of the next
digit 7 which is the third digit in the de-
sirect number, line relay 101 of the repeater
T transmits ceven lmpulses to impulse con-
ductor 126. In addition to muintaining
slow acting relay 135 energized, each of
these seven impulses is transmitted by way
of wiper 177, the second associated bank
contact, armature 161 and its resting con-
tact, wiper 180 of the switch 8’, bank con-
tact 207, and rotary magnet 167 of the
switch 82 In response to these impulses,
stepping maognet 167 is operated seven
times, thereby acdvancing the wipers 182
and 183 into engagement with the seventh
set of bank contacts, which set comprises
bank contacts 208 and 209.. Wiper. 183,
upon coming into engagement with bank
contact 209, prepaves a circuit for rotary
magnet 168 of the switch $° Wiper 182,
upon coming into engagement with bank
contact 208, places a ground potential upon
the third zone metering conductor 223. At
the end of this series of impulses slow act-
ing relays 136 and 185 fall back one after
the other in the order named, thereby clos-
ing a circnit for stepping magnet 165 of
the switch 8 momentarily, whereupon the
wiper 177 is advanced into engagement with
the third bank contact, thereby preparing

a circuit for stepping magnet 168 of the
switch S@.

In response to the calling of the next
digit 4 in the desired nunber, line relay 101
of the repeater I transmits four impulses
to impulse conductor 126. These impulses
extend by way of wiper 177 of switch S, the
third asseciated bank contact, wiper 183 of
the switch S*% and banle contact 209 to step-
ping magnet 168 of the switeh S In re-
sponse to these four impulses, stepping mag-
net 168 advances the wiper 184 into engage-
ment with the fourth bank contact 210,
thereby placing ground upon the fourth
zone metering conductor 224, The com-
bined operation of relays 136 and 135 de-
livers another impulse of current to step-
ping magnet 165, upon the termination of
this series of impulses, whereupon the wiper
177 is advanced into engagement with the
fourth bank contact which extends to the
rotary imagnet 170 of the switch S°

In response to the calling of the next digit
8 in the desired number, line relay 101 of the
repeater I transmits eight impulses of cur-
rent to impulse conductor 126. These im-
pulses oxtend by way of wiper 177, the
fourth assoeiated bank contact, and stepping
magnet 170 of the cut off switch S* to bat-
tery. TIn response to these eight impulses,
stepping magnet 170 advances wiper 181 into
engagement with the eighth bank contact
928, This, however, does not produce any
result at this time owing to the fact that
bank contact 228 is not connected up. The
function of the switch 5%, it may be said, is
to prevent a subscriber from calling into an
exchange in the fifth zone. In order to ex-
plain this, it will be assumed for the time
being that the last digit called was 5, in-
stead of 8, in which case wiper 181 would
have been stopped on the fifth bank contact
925. That being the case, slow acting relay
186. upon falling back, completes at arma-
ture 146 the following circuit: From ground
by way of the fourth zone metering con-
ductor 224, wiper 181 of the cut off switch
S5, bank contact 225. resting contact of ar-
mature 162 and said armature. resting con-
tact of armature 189 and said armature, rest-
ing contact of armature 146 and said arma-
ture, conductor 127, normally closed con-
tacts controlled by armature 117, and cut
off relay 106 to battery. Cut off relay 106,
upon energizing, opens its initial circuit and
closes a locking circuit for itself at arma-
ture 117, and at avmature 118, opens the low-
er conductor of the trunk extending to the
selector T, whereupon the connection ahead
releases in the usual manner. HHowever,
since the digit called was not 5. cut off re-
lay 106 does not energize and the connection
is not released.

To continue with the operation, it may be
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said that apon the termination of the calling
of the digit 8, which caused the operation of
the switch S°, as explained above, the com-
bined operation of relays 136 and 135 sends
an impulse of current to stepping magnet
165, whereupon the wiper 177 is advanced
into engagement with the fifth bank contact,
which contact is left dead. The calling of
the remaining two digits, 2 and 1, in the
desired number, which are the two digits
that cause the operation of the connector XK,
Tig. 8, do¢s not produce any result in the
metering equipment shown in Fig. 4, with
the exeeption of the incidental operation of
the switch S which advances the wiper 177
two more steps.

It will be mnoted that the four metering
conductors 221-224, inclusive, arve grounded
so as to cause the calling subscriber to be
assessed four charges, in accordance with the
call, iwhich is-extended iuto the fourth zone,
upon the response of the ealled person.

When the ealled subseriber respornds to the
ringing of his bell by removing his receiver,
the connector K disconnects the source of
ringing current from his line and connects
the Iatter to the windings of ‘back bridge
relay 119, Back bridgs velay 119, upon en-
ergizing over the called line, reverses the in-
coming trunk conductors as regards their
connection with the associated line relay,
thereby causing a reversal in the divection
of current flow in said trunk conductors.
When this occurs. the repeaters E2, K2 and
B’ reverse their respective incoming trunk
conductors also. When this occurs, electvo-

-
i

polarized relay 104 of the repeater IU enew-

gizes, on account of the upper winding as-

sisting the lower winding after the reversal
talkes place, and closes a circuit for reversing
relay 100 at armature 115. Reversing velay
100, upon energizing, reverses the trunk con-
ductors 72 and 74 as regards their connection
with the windings of line relay 101. The
consequent reversal of current flow in con-
ductors 72 and 74 does not perform any use-
ful function in this case, but may be used,
when an operator is extending a connection,
to give answering supervision. As a further
result of the energization of electropolarized
relay 104, it places ground, from the ground-
ed conductor 180, upon condnctor 129 at-ar-
mature 116, thereby closing a circuit for
relay 188, Fig. 4. Relay 138 upon enéi-
gizing, closes a locking circuit for iteelf at
armature 149; opens the lead 127 extending
to cut off velay 106 in the vepeater E at
armature 189; opens a point in the cireuit
of release magnet 214 of meterine ewitch 5°
at armature 150; and af armature 148 con-
nects the common  impulse conductor 190
with stepping magnet 213 of the metering
switch &° by way of armature 151

Before going further, the operation of the
timing device T, may be explained. The

, 800

pendulum 232 is constantly swinging to and
fro and each time it swings to the left, con-
tacts 240 are closed, whereupon magnet 233
energizes, thereby bending the spring 243,
so as to push the pendulum back, and operat-
ing relay 231 Dby closing the contacts 239,
Contacts 239 remain closed until the pendu-
lwm 232 has swung to the left far enough
to open the contacts 240. When this occurs;
relay 233 deenergizes and opens contacts 239,
This pendulum, it may be said, is of such 4
length that it swings to the right and to the
left twice per second. Of course any other
speed may be used, but this speed has been
arbitrarily chosen for the device ini the pres-
ent showing. It may be pointed out that
each time relay 231 energizes, in response to
the closure of contacts 239, battery is placed
upon common conductor 190 at armature 241.
_ The operation will niow be proceeded with.
The next time that battery is placed upen
conductor 190, at avmature 241 of relay 231,
after covductor 190 is connected up, at
armature 148 of relay 138, the following
circuit is closed for stepping magnet 213 of
the switeh S%: From greund by way of step-
ping magnet 213, resting contact of arma-
ture. 181 and sald armaturve, armature 148
and its working contact, and common con-
ducter 190 to battery. Stepping magnet
213, upoa energizing. advances the wiper
211 into engagement with the first associated
banl econtact.  This first step, however,
serves merely as a pick up or synchronizing
step which is taken to insure thut the fol-
lowing step will begin just as battery is
placed upen cominon conductor 150.  When
hattery iz removed from common couductor
180, vpon the subsequent deenervgization of
relay 231, rotary magnet 212 deenerg zes,
and when battery is placed upon conductor
190 again, rotary magnet 213 energizes,
thereby advancing wiper 211 into engag
ment with the second wussociated contact,
which is the contact in which the fivst zone
metering conductor 221 terminates. When
this occurg, the following civeuit is closed:
From greund by way of off normal contacts
179 of the switeh 57, the first zone meter ng
conductor 221, wiper 211, working contact
of armature 251 of stepping magnet 213 and
said armature, metering velay 137, and
thence to battery by way of common con-
ductor 190. Metering velay 137, upon ener-
gizing, disconnects ground from conductor
128 and: connects so called booster hattery
thereto wt armature 147, .

o

It will be noted that
this so called booster battery iz oppos’te in
polarity to the regular exchange battervand,
accordingly, the carrent flow throuch any
relays which ave connected from the ex-
change battery to release trunk ¢onductor
73 is mereased. It will be nnderstood, how-
ever, that ‘the incrense in current flow
through relay 44 of the selector D iy not

o

[x
<

jaui]



10

20

L
(W1}

ot

)
Tt

Lt

[§3]

1,853,300

sufiicient to bring about the operation of
stepping relay 43, nor is the increase in cur-
rent flow through relay 5 of the line switch
C sufficient to bring sbeut the operation of
the stepping magnet 7. This Increase of cur-
rent flow unbalances the ditferentinlly wound
velay 30, Fig, Iand the sabd relay upon en-

e:i'gizing places ground vpon metering con-
ductor 23 at armature 32, thereby closing a

civeuit for the maguet of the meter M. The
magnet of the weter M, upon energizing,
advances the meler number wheels, theveby
reg’stering one charge against the calling
subscriber.

TWhen battery is again removed from con-
ducter 190, Fig, 4, rotary magnet 213 of
the switch S° and wmetering relay 137 de-
energize. Metering relay 157, upon deener-
gizlng, places ground upon conductor 128
and consequently upon release trunk con-
ductor 73 of the repeater E und removes
booster battery therefrom, thereby restor-
ing the balance to the two windings of re-
lay 80, Fig. 1. Relay 30 now deenergizes,
thereby opening the circu't of the magnet
of the meter M, whereupon the said mag-
net deenergizes, allowing its nvmature to en-
gage anotheér notch on the associated ratchet
wheel. When battery is again placed upon
common conductor 190, Fig. 4, rotary mag-
net 218, upon energizing, advances wiper
211 inte engagement with the bank contact
in which the second zone meterng con-
ductor 222 terminates, thereby closing the
following circuit for metering relay 157:
From ground by way of wiper 178 of the
switch 87, bank contact 206, second zone
metering conductor 222, wiper 211, and
thence to battery, by way of metering relay
187 and common conductor 190. Metering
relay 137, upon energizing, causes the meter
M to be operated a sccond time in the previ-
ously described manuer. When battery is
again removed from common conductor 190,
metering relay 157 and stepping magnet 213
deenergize.

By 1dentical operation stepping magneb
213 of the switch S¢ and metering relay 137
energize when the next impulse of battery
is placed on conductor 190 and deenergizg
again when it is removed therefrom. it
this time wiper 211, of course, is brought
into engagement with the bank contact in
which the third zoue metering conductor 223
is terminated.

YWhen the next ‘impulse of battery is
placed uwpon common conductor 190, step-
ping magnet 213 energizes, thereby advanc-
ing wiper 211 into engagement with the bank
contact in which the fourth zone metering
conductor 224 is ferminated, whercupon
metering relay 137 energizes again, and
when battery is vemoved from conductor
190, metering relay 137 and stepping 1mag-
net 218 deenergize. When the following

7

impulse of battery is placed upon common
conductor 190, retary magnet 213 advances
wiper 211 into engagement with the bank
contact which is connected with the upper

winding of relay 139 and, upon completing 7

its stroke, connects up wiper 211, thereby
closing the following circuit for relay 139:
From the upper winding of relay 139 by
way of the bank contact with which it is
connected; wiper 211, working contact of
armature 251 and said armature, metering
relay 137, and thence by way of the pre-
viously traced cireuit to battery. Relay 139
energizes over this civeuit, but relay 137 does
not energize owing to the high vesistance
of the upper winding of relay 139. Relay
139, upon energizing, completes a locking
circuit for its lower winding at armature
153 as follows: From ground by way of
the grounded locking conductor 130, wiper
186 of the switch 8%, the first ussociated
bank contact, avmature 153 and its working
contact, and the lower winding of relay 139,
to battery. s a further result of the ener-
gization of relay 139, it dicconnects com-
mon conductor 190 from stepping magnet
218 and metering relay 137, at armature
151; conneets common conductor 191 with
stepping magnet 169 of the switch S* at ar-
mature 155; and at armature 152 opens a
point in the circuit of relense magnet 176
of the switch &% and closes a circuit for re-
lease magnet 214 of the switch S¢ by way
of off normal contacts 212 of the switch S°
Release magnet 214 of the switeh 8% upon
energizing, restores the wiper 211 to nor-
mal, whereupon off normal contacts 212 sep-
arate, thereby opening the civcuit of re-
lease magnet 214,

It will be remembered that common con-
ductor 191 was connected sith stepping
magnet 169 of the switch S* at armature
155, upon the energization of relay 139.
The effect produced by this will now be
explained. It will be noted that apon each
closure of contacts 239 of the time device
T, a circuit is closed for stepping magnet
934 of the cumulative time device CT in
multiple with relay 281, Itach time. step-
ping magnet 234 energize:, the associated
armature 235 causes the notched member 286
to revolve one step. Since there ave sixty
teeth on the member 236, und since the con-
tacts 239 are closed twice per second, the
member 286 makes g complete vevolution n
half a minute. That being the case, the pro-
jection 244 one the member 236 opevates
springz 238 and 237 once during each half
minute. Tach time spring 237 is operated,
it places ground upon the associated condne-
tor, thereby closing a circuit for relay 230.
Relay 230, upon enevgizing, places ground
upen comimon conductor 191 at armature
242, This, of course, occurs momentarily
once during each half minute. As soon as
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ground ig Dlaced upon conductor 191, atter
umatme Tf:) of rehy 189 has been operated,
a cireuit is closed m“ stepping magnet 169
f the, switch 5% Stepping may net 169,
npon energizing, advances wiper 186 into
engagement with the cecond bank contact.
When this oceurs, off normal CO’li‘!(t' 185
010%3 thereby pre'}umo a mrvmt for ve-
lease magnet 176, The switch S* continues
to advance one :tep during each half minute
until the wiper 186 pasges oif the last con-
nected contact at which time the metermg
process, previously explained, will be
peated if the calling subscriber has
hung up. :
Before repeating "rhe raetering opemt'on
it is desirable to give the cwlhm subgeriber
a momentary warning sc hﬁ, it desired, he
may terminate his converzation before he is
assessed another charge. The manner in
which this is done will now be L-ipi“iﬂ(‘d
At the end of the sixth time interval of one-
half minute, the stepping magnet 169 will
have been operated six times and the wiper
186 will have been a‘d‘\'an'eﬂ, into engage-
ment with bank contact 253. VWhen the next

re-
not

-

momentary ground impulse iz placed upon
common conductor 191, stepping magnet 169

advances wiper 186 into engagement with
bank contact 254, whereupon relay 187 en-
ergizes in series with the lower winding of
relay 139 and, at aymature 188, connects the
common tone lead 192 with conductor 151
through a condenser as shown. Condudu'
181, 1t will be noted, is connected to the
lower talking conducter of the repeater E.
This operation, it will be understood, occurs
as the projection 244 on the member 246 of
the device CT operates spring 2587, When
the -projection 244 1is Lotatﬂd about three-
fourths of the way arvound to spring 237,
It again operates spring 288, theleby con-
necting the common tope lead 192 with ar-
mature 194 of the interrupter relay 193,

Relay 198 is being alternately energized and’

deenergized nnd‘ acwxdmf‘w dmmﬂ' the
time that spring 238 is cper Ated the calling
subseriber will hear the tones produced by
the tone machine TH and the tone machine
TM alternately. This will indicate to him
that he must quickly terminate his conver-
sation and release the connection or he will
be assessed snother 'charg'e.

As the mamber 236 rotate

238 again moves out. of engage its
working contact, thereby d1sconneca:mg

and removii
from the

s pli

common conductor 192
distinctive tone combination

TWhen another ground iImpulze i
UPON COMIMoH (*on(‘nct(w 191, a +
later in response to spu‘m‘ 237 b’”"lj .
ated, assaming that the calling subseriber
not, through conversing and that he holds
the connection, stepping magnet 149 of the
switch 5% advances the wiper 186 into en-

g gement with the next contact, thereby
spening the circuit of relays 187 and 189,
vhf\hupor they- both  deenergize. Relay
139, upon deenergizing, connccts up com-

190 with rotary magnet 213
of the switch S° and with metering relay
187, at armature 151, whereupon the pre-
iously deseribed metering operations take
rlace again with the result that the calling
snbccm er’s meter is operaled four times
wore. Asa further result of the deenergiza-

mon conductor

tion of relay 189, it closes, at armature 152

end its resting contact, a circuit for release
magnet 176 of the switch 5%, whereupon the
wiper 188 ig restored to normal, the circuit
of release magnet 176 being Opcned at oft
normal cen’cuc 185 when wiper 186 reaches
normal position.

Afz,er ne termination of the second series
of meter operations, relay 189 is again eher-
gized; the stepping magnet 169 of the
gwitch 8% is connected with common con-
ductor 191: =nd the switch S° is released in

the previonsly described manner; and if
the calling subscriber continues to held the

ling the metering operstions will he re-
peated about every. four minutes until he
hangs up.

When the conversation is terminated, the
ealling and called subscribers replace their
veceivers. When the receiver is replaced
called substation, the circuit of back
: . 119 of the connector I is
()i).yned, and the said relay, npon deenergiz-
19, reverses the incoming trunk conductor
back to normal, which reversal is relaved
back over the established connection from
repeater to repeater until it veaches the re-
peater H. When the current flow in: the
lower winding of electzopolarized relay 104
of the repeater K is reversed o normal by
the repeater I’; the said relay 104 deener-
gizes, thereby opening the circuit of re-
versing relay. 100, Whorom)on the current
flow in the conductors 72 and 74 is reversed
back to normal. = As a further result of the
deenergization of velay 104, the initial éir-
cuit of relay 188, Fig. 4, is opened at :arma-
ture 1186, Relay 138, however, remains
energized over its previously deseribed lock-
ing-circuit which includes armature 149 and
the grounded condietor 130.

VWhen the receiver is replwced at ‘ho call-
ing substation A, Fig: 1. the civeunit of line
Ioiam 101 of the repeater I is opened.  Line
1elay 101, upon  deenergizing, opens  the
bridge across the trunk extending to celector
F at armatuve 110, whereupon the connee-
tion sahead is veleased in the well known
manner. As s further rvesult of the -de-
energization of line relay 101, it opens the
cireuit of  release relay 102. and places
ground upon conductor 126 at armature 109,
This causes relay 108 to energize, but this
does not produce any useful function at this
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time. As a further result of the grouna
potential being placed upon conductor 126,
relay 136, Fig. 4, energizes; prepares a cir-
cuit for release magnets 171-175, inclusive,
at armature 144; and at armature 145 closes
a circuit for relay 135. Relay 135, upon
energizing, closes a shunt around armature
144 and its working contact at armature 142.
When release relay 102 deenergizes, it re-
moves ground from conductor 130 at arma-
ture 112, and at armature 113 removes
ground from conductor 126 and places it
upon conductor 125, thereby completing the
following circuit for release magnets
171-175, inclusive: From ground by way of
armature 109 and its resting contact, arma-
ture 113 and its resting contact, conductor
125, armatures 144 and 142 and their work-
ing contacts in multiple, and thence to bat-
tery by way of release magnets 171-175, in-
clusive, thereby vestoring the associated
wipers of the switches S-S2, inclusive, and
S% to normal. A short time later relays 135
and 136 deenergize, thereby opening the
circuits of the mentioned release magnets.
Relay 103 of the vepeater E also deenergizes
in response to the removal of ground poten-
tial from conductor 126.

In response to the removal of ground po-
tential from locking conductor 130 by re-
lease relay 102 of the repeater K, at armature
112, relays 138 and 139, Fig. 4, deenergize.
Relay 138, upon deenergizing, closes a circuit
for release magnet 214 of the switch S° by
way of off normal contacts 212, at armature
150, in case the switch S¢ is off normal. In
this case, release magnet 214, upon energiz-
ing, restores wiper 211 to normal, its circuit
being opened at off normal contacts 212 when
wiper 211 reaches normal position. Relay
139, upon deenergizing, closes a circuit for
release magnet 176 of the switch S* at arma-
ture 152, by way of off normal contacts 185,
in case the switch is off normal. In this case
the wiper 186 is restored to normal by the
operation of release magnet 176, the circuit
of release magnet 176 being opened at off
normal contacts 185 when wiper 186 reaches
normal position. The entire metering appa-
ratus shown in Fig. 4 is now in normal po-
sition.

In repeater E, as a further result of the
deenergization of release relay 102, the
ground potential is removed from release
trunk conductor 73 at armature 111. When
this occurs, switching relays 5 and 44, of the
line switch C and selector D, respectively,
and relay 81 deencrgize. The deenergization
of switching relay 5 restores conditions in
the line switch C to normal. Switching re-
lay 44 of the selector D, upon deenergizing,
closes a circuit for release magnet 60 by way
of armatures 45 and 47 and off normal con-
tacts 61. Release magnet 60, upon energiz-
ing, allows the wipers of the selector D to be

O

restored to normal position, whereupon the
circuit of release magnet 60 is opened at off
normal contacts 61. A

In regard to relays 80 and 81, it may be
said that, even though the removal of the
ground potential from release trunk conduc-
tor 24 unbalances relay 30, leaving the cir-
cuit through the upper winding intact for an
interval, owing to the stiff adjustment of this
relay, it does not have time to energize before
its circuit is opened at armature 33 of relay
31, which relay is designed and adjusted so
as to deenergize very quickly after its circuit
is opened. The entire connection is now re-
leased and the apparatus used therein is re-
stored to normal.

In order to explain how the metering is
affected when the 83rd exchange is called, it
may be said that, the dialling of the second
digit 3 causes the selector F, Fig. 2, assuming
the first digit dialled to be 8 and the repeater
E to be seized, to raise its wipers to the 3rd
level and select an idle trunk leading to the
33rd exchange, Fig. 5, which exchange is lo-
cated in the 4th zone. In the metering equip-
ment, Fig. 4, the dialling of the second digit
3 causes the wiper 178 of the switch S’ to be
operated in the previously described manner,
by stepping magnet 166, with the result that
the said wiper 178 is stepped into engage-
ment with the third bank contact. When
this occurs, a circuit is closed for relay 141
and the said relay, upon energizing, places
ground upon the second, third, and fourth
zone metering conductors at armatures 158
160, inclusive, the first zone metering con-
ductor 221 having been grounded at off nor-
mal contacts 179. As a further result of the
energization of relay 141, it disconnects the
second bank contact associated with wiper
177 of the switch S from wiper 180 of the
switch S’ at armature 161, and connects it
to stepping magnet 170 of the switch -S°;
disconnects the cut off lead 127 from bank
contact 225 of the switch 8%, at armature 162,
and connects it to the seventh bank con-
tact 22T,

Upon the calling of the next digit of the
desired number, an incoming selector in the
83rd exchange, Fig. 5, is caused to raise its
wipers and select an idle trunk in the de-
sired level, and at the same time wiper 181
of the switch S?, Fig. 4, is stepped around to
the corresponding contact. Assuming that
the number called is a number local to the
33rd exchange, or in other words, some num-
ber other than 7, the operation of the switch
S5 does not produce any result, and the dial-
ling of the remaining digits in the desired
number results in the connection being ex-
tended to the desired line. On the other
hand, if we assume that the digit called is 7,
the previously mentioned selector in the 33rd
exchange, Fig. b, raises its wipers to the Tth
level and picks out a trunk to the 337th ex-
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change, which exchange is located in the 5th
zone.  In this case the wiper 181 of the
switch S% Fig. 4, is brought into engage-
ment with the 7th contact 227 thereby “clos-
ing the following circuit for cut off relay
106 of the repeatel E: From ground by way
of the 4th zone metering conductor 224,
wiper 181 of the switch S5, “bank contact 22(,
working contact of armature 162 and said
armature, and thence by way of a previously
traced circuit to battery through the cut off
relay 106 of the repe‘l,ter E. Cut off relay
106, upon energizing, opens its initial circuit
and closes a lockmo cireuit for itself at.ar-
mature 117, and at armature 118 opens the
bridge across the conductors of the asso-
ciated trunk, whereupon the connection ex-
tending ahe-xd is released in the usual man-
ner.

Asounmw now that the number ealled was -

some number other than 7, the calling of the

remaining digits of the desired number, in
addition to e‘ztendmo the connection to the
called Tine, causes an.incidental operation
of the switch S, Fig. 4, but this does not
perform any useful function.

When the called subscriber answers, the
operation of electropolarized relay 104 of
the repeater E starts the metering appqmtus
into action and since the metering conduc-
tors 221-294. inclusive, are Urounded the
initial chdrwe is four opemmon of the meter

M, Fig. 1, as described hereinbefore, and

the subsequep* operation depends upon the
length of the conversation.

Tt will be understood, of course, that if
the first digit of the number called is 3,
and the second digit is some digit other than
3 or 6, the connectlon will be:extended to
some subscriber in the 3rd exchange, Fig.
5, which exchange is in the first zone, and
in this case only he first zone metering con-

ductor 221 will be grounded at off normal ‘

contacts 179 of the switch S, Fig. 4. It
will be understood also that if a call is ex-
tended to the 86th exchange and if the next
digit called is any other than -7, only the
first and second metering - conductors - 221
and 222 are grounded and, of course, only
two initial charges are made when the
called man answers. Similarly if the call
is extended to the exchange 867 in the 3vd
zone, and if the next digit called is not 4,
only the first three metering condnectors
221-223, inclusive, will be glounded and an
initial cmroe of three registrations of the
meter will be made. Obvmusly, in any case,
as long as the line ig held, the initial charge
will be repeated every four minutes. Tt will
be understood -also tlnt this time interval
is shown merely as an example and that any
time interval other than feur minutes _may
be chosen. For example, the speed of the
cumulative time device CT, Fig. 4, may be

varied or the number of active contacts in

1,853,300

the bank of the switch 3* may be varied,
thereby, in either case, varying the time in-
terval accordingly. ,

It will be understood also that each of
the repeaters E’, I? and T* are equipped
with similar metowm arrangements which
are effective only when a subscriber local to
the exchange in which they are located is
calling. Of course, the wiring of the bank

contacts of the number 10(>1m01'1nrr switches

associated with these rvepenters is changed
according to the location of each wpeatc*‘
It will be understood also that, while the
subseribers in the hrst zone are not per-
mitted to call subscribers in the fifth zone,
a subgcriber of the 86th exchange, Fig. b, in
the second zone is permitted to call a sub-
seriber in the fifth zone, which becomes the
fourth zone automatically from. the view-

point of a subscriber of the 36th exchange.

Similarly any subscriber in the entire sys-
tem is permitted to call any other subscriber
in the system whose line terminates in an
exchange which is-located within the fourth
zone countmrr from the calling exchange,
and the cut off relays of the various repeat-
ers, such as the cut off relay 106 of the re-
peater ¥, are connected up so as to operate
only when a subscriber attempts to call into
the fifth zone or beyond.

The various features of the invention hav-
ing been described and ascertained fully in
the foregoing will now be pointed out in the
appended claims:

What is claimed is:

1. In an automatic teleplione system, =2
plurality of exchanges, means whereby 2
calling subscriber in one of said exchanges
can extend a connection to-a second ex-
change, means operated -when the digit Is
called which routes the call to said second
exchange for predetermining = a - certain
charge o be assessed against the-calling sub-
scubcr. automatic smtchmo meg hamﬁm in

said second exchange 1'esponswe to the next

dlolt in the called number for extending the
connection on toward a called subscriber in
the same exchange or to a third exchange,
an automatic w1tch in the calling exchcmoc
operated responsive to the unpulses of the
last named digit, another automatic switch,
and means Lontm]led by said sw It(‘h for
making a suitable increase in the predeter-
mined chawe and for connecting up said
other automatic switeh in case the call is
extended to said third exchange.

2. In' an automatic telephono system, a
plurality of exchanges, means whereby a
calling subscriber in one of said exchanges
can extend a connection to a second ex-
change, means operated when the digit is
called which routes the call to the second
named exchange for predetermining a cer-
tain charge to be assessed against the calling
subscrlbcr automatic sxvltchmg mechanism
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in said second named exchange responsive
to the next digit in the called number for
extending the connection on toward a called
subscriber in the same exchange or to a third
exchange, an automatic switch in the call-
ing exchange operated responsive to the im-
pulses of the last named digit, means con-
trolled by said switch for making a suitable
increase 1n the predetermined charge, a sec-
ond automatic switch, said first automatie
switch connecting up said second automatic
switch in case the call is extended to said
third exchange, and means for operating
the last named switch upon the calling of
the next digit to cause it to perform the same
functions as the first named switch.

3. In an automatic telephone system laid
out in zones, means whereby a calling sub-
seriber can extend a connection to a called
subscriber in any one of a plurality of zones,
means operated in response to the answering
of the called subscriber for assessing the
calling subscriber an initial charge prede-
termined for that zome, a conunon timing
mechanism, a step by step automatic switch
separate from said assessing means and in-
dividual to the conmnection operated at in-
tervals by said common timing device after
the call 1s answered, and means controlled
by said switch for repeating the initial
charge at regular predetermined intervals
durmg the conversation.

4. IJn an automatic telephone system, a
calling line, an automatic switching mech-
anism, means controlled by a subscriber on
said line for extending a connection from
said line to another line by way of said
mechanism, a holding conductor, means for
connecting said conductor to one pole of a
source of current to retain said mechanism
in operated position, charge assessing means
comprising a differentially wound magnet,
means for connecting one winding of said
magnet with said holding conductor and the
other winding with said pole of said source
of current, and means for varying the poten-
tial on said holding conductor so as to as-
sess a charge acramst the calling subscriber
by energizing “eaid chﬁ’erentmlly wound
magnet while retaining said mechanism in
opemted position,

5. In an automatic telephone system, a
calling line, an automatic switching mech-
anism, a meter individual to said hne means
controlled by a subscriber on said line for
extending a connection from said line to an-
other line by way of said mechanism, a hold-
ing conductor, means for connecting said
conductor to one pole of a source of current
whereby said mechanism is held in operated
position, a differentially wound relay, means
for connecting one winding of said relay
with said holdmg conductor and the other
winding with said pole of said source of
current, means for varying the potential on

iy

said holding conductor so as to operate said
d1ﬁelent1allv wound relay while retaining
said mechanism in operated position, and
means controlled by said relay for operating
said meter.

6. In a telephone system laid out in zones,
means whereby a calling subscriber in one
exchange can extend a connecmon to a sec-
ond exchanoe located in a distant zone and
thence by way of a particular trunk to a
called subscriber in a third exchange located
in a more distant zone, means whuleby a
calling subseriber in said second exchange
can extend a connection over said trunk to
said third exchange and thence to a called
subseriber in a fourth exchange located in
a still more distant zone, and means for pre-
venting a calling subscriber in the first
named e\chanoe from calling a subscriber in

said fourth e\change, by 1'elems1no the con-
negtion extended from said first emh‘m(’e.

. In a telephone system laid out in zones,
meam whereby a calling subscriber can ex-
tend a connection to a called subscriber in
any one of a plurality of zones, a busy tone
generator, means for applying this tone to
the calling line if the called line is busy,
means operated in response to the answering
of the called subscriber for assessing the
alling subseriber an initial charge prede-
termined for that zone, means for assessing
additional charges at intervals during the
conversation, a second tone generator, and
means for plauno said Second tone on the
line prior to the assessing of each additional
charge. 4

8. In a telephone system, automatic
switches for connecting a calling and a called
line, a conductor connecting two of said
switches, means for impressing a potential
on said conductor at the second switch to
maintain a flow of current thereover, a dif-
ferential meter control relay associated with
the first switeh and having one winding ener-
gized over said conductor and the other
winding energized in a local circuit, and
means for increasing said potential to oper-
ate said relay.

9. In a telephone system, automatic
switches for connecting a calling and a called
line, a release trunk conductor for holding
one of said switches in operated position, a
differential meter control relay having one
winding energized over said conductor and
the other winding energized in a local cir-
cuit, and means for ch"mmnrr the potential
on said conductor to operate “said relay.

10. In a telephone system, a plurality of
serially related exchanges connected™ by
trunllines, automatic trunking and local
switches, in said exchanges controllable by a

calling subscriber in the first of said ex-
c’hfln(res to conneet with called subscribers in
any of the other exchanges, a plurality of
1901ster switches one for each of said other
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exchanges, means for operating each ex-
change register at the same time that the
trunking switch in such exchange is oper-
ated during the setting up of a call, means

for preventing the operation of further reg--

igter switches when a eall reaches the local
switches in any exchange, and measured
service equipment for the calling subscriber
controlled by said register switches.

11 Xun a telephone system, a plurality of
serially related exchanges interconnected by
trunk lines, subscribers’ lines terminating in
said exchanges, message registers associated
with said lines, automatic switches in said
exchanges, certain of said switches being
operable by a calling one of said subscribers
to extend a connection in the direction of a
distant exchange, a repeater included in said
connection, sald repeater belng repeatedly
operated in the establishment of sald con-
nection, zone metering equipment associated
with said repeater, sald equipment including
a sequence switch and a plurality of register
switches, cireuit means for operating the
first of said registers ‘simultaneously with
said rvepeater to register the digit called,
means operable at the end of that digit for
operating said sequence switch to prepave
crrewits Tor operating a second of said regis-
ters, means for operating said second regis-
ters simultaneously with said repeater ag the
connection is. extended to the exchange con-
taining. the desired called line, means for
extending the connection to the called line
without - operating additional - registers,
means operable upon response of the called
party for operating said called line message
register to assess a charge, the amount of
which is determined by the setting of said
operated register switches.

12. In an automatic telephone system, a
plurality of exchanges, a plurality of charge
assessing switches in each exchange, means
whereby a calling subseriber in one of said
exchanges can extend a connection to a sec-
ond exchange, means. operable when the
digit iz called which routes the call to said
second exchange for operating one of said
switches for predetermining a certain charge
to be assessed against the calling line, auto-
matic switching mechanism in said second
exchange responsive to the next digit in the
called number for extending the connection
on toward a called subscriber in the same
exchange or to a third exchange, a second of
said automatic switches in the calling ex-
change operated responsive to the impulses
of the last said digit, and means controlied
by the switeh for making a suitable increase
in the predetermined charge and for con:
necting up another of said  automatic
switches in case the call is extended to a
third exchange.

13. It a telephone system having a plu-
rality of zones, a first and a second exchange
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located in a certain zone, calling subscribers
at said exchanges, a trunk line acceszible to
said subscribers, a plurality of exchanges
located in different zones accessible to said
trunk line, and means associated with said
trunk line for restricting the subscribers of
said first exchange to calls within certain
zones by releasing connections exténded be-
yond said zones, while permitting the sub-
seribers of said second exchange fo call be-
yond said zones.

14. In a telephone system having a plu-
rality of zones, an exchange located in a
certain zone, lines at said exchange, a trunk
line accessible to said lines, a plurality of
exchanges located in different zones accessi-
ble to said trunk line, and means assocciated
with. said trunk line for preventing a call-
ing one of said lines from extending a call
beyond a certain zone, by releasing the ex-
tended conmnection.

15. In a telephone system having a plu-
rality of zones, an exchange located in a
certain zone, lines at said exchange, a trunk
line accessible to said lines, a plurality of
exchanges located in different zomnes accessi-
ble to said trunk line, and means associated
with said trunk line for preventing a call-
ing one of said lines from extending a call
beyond a certain zone, by releasing the con-
nection extended beyond said trunk line.

16. In an automatic telephone system hav-
ing a plurality of zones, an exchange lo-
cated in a certain zone, lines at said ex-
change, a trunk line accessible to said lines,
a plurality of exchanges located in different
zones accessible to said trunk line, a Tepeater
associated with said trunk line, a relay in
said repeater, and switching means :asso-
clated with said repeater for operating said
relay to release the extended connection it
a calling one of said lines attempts to call
beyond a certain zone.

17. In an automatic telephone system hav-
ing a plurality of zones, an exchange located
in-a certain zone, lines at said exchange, a
trunk line accessible to said lines, a plurality
of exchanges located in different zones ac-
cessible to said trunk line, switches, a re-
peater associated with said trunk line for re-
peating trains of impulses generated at:a
calling one of said lines to said switches to
extend a call; and means associated with
said repeater and responsive to a train of
impulses designating a certain zone for re-
leasing the extended connection if said call-
ing line attempts to extend a call to said
zZone.

18. In an automatic telephone system hav- .

ing a plurality of zones, an exchange located
in a certain zone, lines -at said exchange
provided with message registers, a first trunk
line accessible to said lines and leadine di-
rectly to a first exchange in a second zone,
a second trunk line accessible to said lines
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and leading to a second exchange in said
second zone by way of a plurality of inter-
mediate exchanges each located in a different
zone, a charge assessing device associated
with said trunk lines for actuating the mes-
sage register of a calling line in accordance
with the called zone and with the duration
of a call, means in said device responsive
to a single train of impulses generated at
a calling station and designating said first
exchange in said second zone accessible di-
rectly over said first trunk line for prede-
termining the charge to be assessed, and
means in said device responsive to a plu-
rality of successive trains of impulses des-
ignating successive intermediate exchanges
interconnecting said second trunk line with
said second exchange in said second zone
for predetermining the assessment of a
charge identical with said first charge.

19. In a measured service automatic tele-
phone system having a plurality of zones, a
first exchange, in a first zone, subscribers’
stations thereat, message registers therefor.
trank lines accessible to said stations, a sec-
ond exchange in a second zone directly ac-
cessible to one of said trunk lines, a third
exchange in said second zone accessible over
another trunk line by way of a plurality of
intermediate exchanges, charge assessing
means associated with said trunk lines, and
means in said charge assessing means for
predetermining an identical charge to be as-
sessed against a calling station of said first
exchange extending a call to either one of
said exchanges in said second zone..

20. In a measured service auntomatic tele-
phone system having a plurality of zones, a
first exchange in & first zone, subscribers’
lines thereat provided with means for auto-
matically extending connections, message
registers for said lines, trunk lines accessible
to said lines, a second exchange in a second
zone directly connected with said “first ex-
change over one of said trunk lines, a third
exchange in said second zone accessible to
said first exchange over another trunk line
by way of a plurality of intermediate ex-
changes located in different zones, a charge

i8

assessing device adapted to be used with
either of said trunk lines, and means in said
device directively controlled by a calling line
in said first exchange for predetermining an
identical charge to be assessed against said
line regardless whether the call is extended
to said second or to said third exchange.

21. In a measured service automatic tele-
phone system having a plurality of zones, a
first exchange in a first zone, subscribers’
lines thereat provided with impulse trans-
mitting devices, message registers for said
lines, trunk lines and automatic switches ac-
cessible to said lines for extending calls, a
plurality of exchanges located in a second
zone, each of said exchanges accessible to
said lines over a different number of trunk
lines and switches, and charge assessing
means responsive to trains of impulses gen-
erated at a calling line for predetermining
an identical charge to be assessed against
said line regardless of the number of trunks
and switches employed in the extension of a
call from said first zone to exchanges in said
second zone. .

22. In a measured service automatic tele-
phone system having a plurality of zones, a
first exchange in a flrst zone, subscribers’
lines thereat provided with impulse trans-
mitting devices, message registers for said
lines, trunk lines and automatic switches
accessible to said lines for extending calls,
a plurality of exchanges located in a second
zone, each of said exchanges accessible to
said lines over a different number of trunk
lines and switches, and charge assessing
means responsive to trains of impulses gen-
erated at a calling line for operating
switches to extend a call for predetermining
an identical charge to be assessed against
said calling line regardless of the number of
trunks and switches employed in an exten-
sion from said first zone to exchanges in said
second zone.

In witness whereof, I hereunto subseribe
my name this 16th day of January, A. D,
1922.

FRED T. MADSEN.
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