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UNITED STATES 

1,653,300 

PATENT OFFICE. 
FRED T. MADSEN, OF FOREST PARK, ILLINOIS, ASSIGNOR, BY AIESNE AssIGNMENTs, 

To AUTOMATIC ELECTRIC INC., OF CRICAGO, ILLINOIS, A CORPORATION of DELA 
W.A.R.E. 

ZOE-METERING TELEPHONE SYSTEMI. 

Application filed February 4, 1922, Serial No. 534,212. 

The present invention relates to Zone 
metering telephone systems in general but 
is concerned more particularly with Zone 
metering telephone systems in which calls 
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 
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 
the calling subscriber's line terminates. 
Another object is the provision of in 

proved circuit arrangements whereby the 
initial charge made at the beginning of the 
conversation is repeated at intervals in case 
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 
charge. 

Still another object is to prevent a sub 
scriber from calling beyond a predeter 
lined Zone. 
Other objects have to do with the refine 

inent of the various circuits used so as to 
make them more eficient 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 
fully hereinafter, reference being had to the accompanying drawings comprising 
Figs. 1-4, inclusive, which show by means 
of the usual circuit diagrams a sufficient 
amount of the apparatus employed in a sys 
tein embodying the principles of the inven 
tion to enable the same to be understood. 

Figs, 1, 2 and 3 of the drawings, when 
placed in order with the corresponding lines 
at the ends thereof in alignment represent 
sufficient apparatus for a 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 
apparatus shown in this drawing is used to 
assess the proper charge by operating the 
subscriber's meter a number of times when 
the called man answers and a number of 

Renewed May 23, 1927. 

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. Each 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 3-3, the 36th, by dial 
ling 3-6, the 367th, by dialling 3-6 7, 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 switch C, the selector D, the 
repeater E, 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 charac 
ters, is assumed to be located in the third 
exchange, Fig. 5. 

In Fig. 3, the selector G and the repeater 
E° are assumed to be located in the 36th ex 
change: the selector H and the repeater E 
in the 367th exchange; and the selector J, 
connector IR, and line switch C are as 
sunned to be located in the 3674th exchange. 

In connection with Fig. 5, it will be noted 
that there are other exchanges beyond the 
4th zone, but a calling subscriber is not per 
mitted to call beyond the 4th zone, such calls 
being taken care of by the regular toll sys 
tem. However, 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 367th take the 
same group of trunks, special means must 
be provided to prevent a calling subscriber 
from calling into 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 
inaking a discrimination amongst the vari 
ous digits dialed after the 4th Zone is 

shed as will appear more fully herein 
after. 
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The calling substation A, Fig. 1, is an 
ordinary automatic substation, having the 
usual talking, signalling, and switch con 
ti'oiling instrumentalities. The substation 
A, Fig. 3, is an exact duplicate of the Sub 
station A. 
The line switch C, Fig. 1, in which the 

line of substation terminates, is mechani 
cally of the usual rotary type in which the 
wiper's have no normal position and move 
in a forward direction only. The relay 6 
has a copper collar in order to make it slow 
acting. This copper collar, however, is 
placed on the armature end of the relay, 
rather than on the heel end. in order to make 
it somewhat slow to pull up, as well as slow. 
to fall back. This difference is indicated in 
the drawing by showing the copper slug in 
Solid black instead of shaded. The line 
switch C. Fig. 3, which is denoted by the 
dotted rectangle bearing that reference char 
acter is assumed to be an exact duplicate 
of the line Switch C. 
The selector D, Fig. 1, is an automatic 

switch of the usual vertical and rotary type 

5 

(i. 

in which the bank contacts are arranged in 
horizontal rows or levels, The circuits of 
this switch are shown couplete and will be 
explained fully hereinafter. The selectors 
F, G, H and J, which are denoted by clotted 
rectangles, Figs. 2 and 3, may be exact du 
plicates of selector D, Fig. 1, with the ex 
ception that, since these latter Switches are 
incoming selectors, the release trunk con 
ductors. Such as the release trunk conductor 
24 of the Selector D, are omitted. 
The repeater E, Fig. 2, with the exception 

of the addition of cult off relay 106, is sub 
stantially identical with a great many of 
the automatic repeaters now in common use. 
The functions of repeaters are well known 
and do not need to be dwelt upon at this 
time. The circuits of this repeater will be 
explained in the course of the specification. 
Each of the repeaters E, E° and E, which 
are denoted by dotted rectangles, Figs. 2 
and 3, are assumed to be identical with the 
repeater E. 
The metering equipment shown in Fig. 4. 

with the exception of the common timing de 
vices and toine machine showin in the lower 
part of the drawings, is individual to the re 
peater E, and is composed of the group of 
relays shown, together with a plurality of So 
called minor switches, comprising Switches 
S-S9, inclusive. Each of these switches is 
of simple construction and carries one or 
two wipers, depending upon its function, 
and has movement in one plane only, being 
operated by a single magnet, and restored to 
normal by a single other magnet. It is with 
the equipment on this sheet, together with 
its combination with the remaining part of 
the equipment, that the invention is chiefly 
concerned. 
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The timing device T, shown in the lower 
part of Fig. 4, is essentially an electromag 
netically operated pendulum, being arranged 
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 apparatus, having been described 

lilore less in general, will now be described 
ii) connection with a detailed description of 
its operation. For this purpose it will be 
assumed that the subscriber at substation A, 
Fig. 1, whose line terminates in the exchange 
O. Fig. 5, desires to converse with the sub 
scriber at substation A. Fig. 3, whose line 
terminates in the 3674th exchange, Fig. 5, 8: 
and whose number, when called from the ex 
change O is 3,674,821. When the receiver is 
removed at substation A. a circuit is closed 
over line conductors 2 and 3 for line relay 6 
of the line switch C. Line relay 6, upon en 
ergizing, places ground upon private nor 
mal conductor 4 at armattire 13, thereby 
closing a circuit for switching relay 5 and 
stepping magnet 7 in Series, and at armature 
12 connects test wiper 16 to the circuit at a 
point, between switching relay 5 and step 
ping magnet 7. The operation now depends 
upon whether the trunk, upon which the 
wipers of the line switch are standing, is 
busy or idle. If it is idle there is no ground 
potential upon the test contact thereof and 
switching relay 5 energizes immediately. 
On the other hand, if it is busy the test con 
tact thereof is grounded: switching relay 5 
is short circuited; and stepping magnet , 
which interrupts its own circuit is operated 
in the manner of a buzzer to advance the 
Switch wiper's 14-17, inclusive, in earch of 
an idle trunk. Assuming that the trunk 
comprising conductors 22-25, inclusive, is 
the first one found to be idle, Syitching re 
lay 5, being no lo;nger short circuited after 
the Wipei's 14-17, inclusive, arrive upon bank 
contacts 18-21, inclusive, energizes in series 
with stepping magnet 7, Steppin 
7, however, does not energize at ti 
account of the high resistance of swi 
relay 5. Switching relay 5, upon energiz 
ing, connects the meter i? at trinature 9, by 
way of wiper 15, bank contact 19, and trunk :: 
conductor 23, to armafire 32 of the meter 
operating relay 30; opens the test circuit and 
grounds the test viper, thereby making a 
seized trunk busy immediately, at armature 
10; and at armatures 8 and 11 disconnects 
the line conductors 2 and 3 from the winding 
of line relay 6 and from ground, respective 
ly, and extends their by way of the working 
contacts of these arbinatures, wipei's 14 and 
17, bank contacts i8 and 21, conductors 22 2.0 

O) 
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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 armatul'e 
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, 
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 ground is placed upon release trunk 

conductor 24, a circuit is closed for relay 31. 
and the said relay, upon energizing, closes : 
circuit for the upper and lower windings of 
metering relay 30 at almatures 33 and 34. 

30, however, being differentially 
wound, does not energize at this time. 
The calling subscriber now operates his 

calling device in accordance with the first 
digit 3 in the desired number, thereby 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 al'mature 
45 the following circuit: Fronn ground by 

e 

it way of the resting contact of armature 53 
and said armature. armature 45 and its l'est 
ing contact, armature 47 and its working 
contact, relay 42, and vertical magnet 62 to 
battery. By the operation of the vertical 

35 magnét, the switch wiper's 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 
ing, retains its arnature 48 attracted 

41 throughout the series of interruptions, and 
upon the closure of of normal coitats 65, 
which occurs upon the completion of the first 
vertical step. completes a circuit for step 
ping relay 43. Stepping relay 43, upon en 

45 ergizing, closes a locking circuit for itself ai 
armat are 49, and at armature 50 prepares a 
circuit for the rotary magnet 63. 
At the end of the vertical hovenient, so vy 

acting relay 42 leenergizes, thereby complet 
it) ing a circuit for rotary magnet 63 includ. 

ing armatures 46. 48 and 50. Rotary 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 

55 the same time opening the circuit of stepping 
relay 43 at interrupter contacts 64. Step 
ping relay 43, upon deemergizing, opens the 
circuit of rotary magnet. 63 at a mature 5). 
Rotary magnet. 63, upon deemergizing, closes 

f: its interrupter contacts 64 again. If the 
trunk terminating in the first set of contacts 
is idle, switching relay 44 energizes inno 
diately, but if the trunk is busy there is a 
ground potential on the test contact thereof. 

tii switching relay 44 is short circuited, and 
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stepping magnet 43, upon energizing, clo:es 
the circuit of rotary magnet (33. whereupon 
the wipers are advanced into engagement 
with the second set of contacts. This alter 
nate operation of rotary magnet (33 and 
stepping relay 43 continues until an idle 
tl'unk is eached. 
Assuining that the trunk comprising con 

luctor's 72-74, inclusive, is the first one 
found to be idle, switching relay 44, being 
ino longer short circuited when the Switcl: 
wipers a rive upon the bank contacts 69-71, 
influsive, cinergizes Over the following cir 
clait: From ground by way of the Working 
contact of a mature 46 and said arunature, 
switching relay 44, of 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 relay 44. Switching re 
Jay 41, upon energizing, disconnects ground 
from armature 45 of line relay 40, at armature 
53; opens the test circuit and places ground 
on test wiper 67, thereby making the seized 
trunk busy innediately, at a mature 52; and 
at alianates 51 and 54 disconnects trunk 
conductor's 22 and 25 from the windings of 
line relay 4() and extends them by way of 
the working contacts of these armatures, 
wipers 66 and 68, bank contacts 69 and i, 
tlink conductors 2 and 4, and the normat. 
ly closed contacts controlled by almatures 
10 and 108 to the upper and lower wind 
ings, respectively, of line elay 101 of the re 
peater E. line relay 101, upon energizing. 
closes the circuit of the slow acting release 
relay (2 at armature 109. Release relay 
102, up() in energizing, prelates a circuit for 
slow acting relay 103 at artilattire 113: places 
ground on condict on 13() at a'nature 142: 
and ; tarnature places gro ind on release 
trunk conductor 73 by way of condictor 12S, 
which conductor is go ided by way of the 
normally closed contacts controlled by ai'- 
mature 14, Fig. 4. The placing of ground 
upon release trunk condictor 73 closes the 
usual holding circuit for switching relay 4-1. 
of the selector D and switching relay 5 of 
the line switch C before the slow acting re 
lay 41 of the selector D has had time to deen 
ergize. 

In the repeater E, as a further result of 
the energization of line relay 101, it places 
a bridge across the conductors of the trunk 
extending to the selector F, at ar): fire 110, 
as follows: From the lower coinductor of the 
said trunk, by way of arma tire 118 and its 
resting contact, working contact of armature 
110 and said armature, lower winding of 
electropolarized relay 104, impedance 105, 
and armature 114 and its resting contact, to 
the upper conductor of the said trunk. It 
response to the closure of this bridge, the 
line and release relays (not shown) of the 
selector F energize, thereby preparing the 
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switch for operatioi) in the lisual nailiner. 
it will be noted that current is now flowing 
through both the upper and lower windings 
of electropolarized relay 104. The said re 
lay is not energized at this time, however, 
(wing to the fact that the curreit flowing 
in either winding is in a direction opposite 
to that flowing in the other winding. 
Neither will the relay energize if oile wind 
ing is opened because neither vinding alone 
is able to energize the relay. 
The calling subscriber, having called the 

first digit 3 by which means he extended a 
connection to the selector F. Fig. 2, which 
is located in the third exchange, Fig. 5, now 
operates his calling device in accordance 
with the second digit 6 in the desired num 
ber, thereby producing six interruptions in 
the circuit of line relay 101 in the repeater 
E. Each time line relay 101 deemergizes in 
response to one of these in terruptions, ii, 
opens the bridge across the trail line lead 
ing to the selector F ai al'mature 110, there 
by producing six interriptions in the circuit 
of the line relay of the selector F. Slow 
acting relay 103, the circuit of which is 
closed at armature 109 upon each deemergi 
zation of line relay 101, is maintained en 
ergized throughout the series of interrup 
tions and at armature 114 shifts the bridge 
across the conductors of the trunk leading 
to the selector IF So that it includes a noire 
direct path which is exclusive of the im 
pedance 105 and the lower winding of elec 
tropolarized relay 104. This is the usual 
xpedient made use of in order to obtain 

first class switch control. 
In response to the six interruptions pro 

duced in the circuit of its line relay, the 
selector F in the 3rd 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 
tions, rotates its wipers and picks out an idle 
trunk leading to the 36th exchange. Fig. 5, 
which trunk we shall assume is the one con 
trolled by the repeater E. That being the 
case, the repeater E. upon being seized, pre 
pares itself for operation in the usual man 
ner and at the same time closes a bridge 
across the conductoi's leading to the selector 
G in the 36th exchange, whereupon the said 
Selector prepares itself for operation in the 
usual manner. 
The calling subscriber now operates his 

calling device in accordance with the third 
digit 7 in the desired number, whereupon the 
Seven interruptions produced are repeated 
from the repeater E to the repeater E. and 
thence to the selector G in the 36th exchange, 
and as a result the selector G raises its 
wipers to the seventh level and picks out an 
idle trunk, which trunk we shall assuline is 
the One extending to the 36th exchange, 
Fig. 5, and controlled by the repeater E°. 
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That being the case, the repeater E and also 
the selector H, in the 36th exchange, with 
which the repeater E° is directly associated, 
are prepared for operation in the usual 

i.e. 
in l'esponse to the calling of the next digit 

4. the four interruptions produced by the 
cailing subscriber's calling device are re 
peated from the repeater E to the repeater 
iE and from thence to the repeater E° which 
I'epeats then to the incoming selector H in 
the 367th exchange. As a result, the selector 
- raises its shaft and wipers to the 4th level 
and rotates them to pick out, an idle trunk 
te:ding to the 3674th exchange. Fig. 5, which 
trunk we shall assine is the one controlled 
ly tie repeater E°. That being the case, the 
repeater E° and also the selector J. which 
is located in the 3674th exchange, are pre 
paled for operation in the usual manner. 

In response to the calling of the next digit 
in the desired number, the eight interrup 

tions pi'oduced are repeated from the re 
peater F to the repeater E and thence to 
the repeater E° and from thence to the re 
peater E°, which repeats them to the incom 
ing selector J. which raises its wipers to the 
eighth level and rotates then to pick out an 
idle connector. Assuming that the connec 
{{}}" i is ille Oine selected, the line and release 1: 
Irelays thereof pull up, thereby preparing the 
Switch for Operation in the usual manner. 

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

Returning now to the repeater E. Fig. 2, 
and the associated apparatus in Fig. 4, the 
operation of the metering equipment will 
now be explained. When relay 101 of the 
'epeater E 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 i03 by Way of arma 
ture 109 and its 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, Fig. 4, and another branch extends 
still further by way of wiper 17 of the 
switch 8 to rotary magnet, 166 of the switch 
S. Accordingly when the second digit 6 is 
dialled rotary magnet 166 of the switch S/ 
is operated six times, thereby bringing the 
wipers 178 and 180 into engagement with 
the 6th set of contacts, which set comprises 
contacts 206 and 207. Wiper 180, upon.com 

now projects ringing 
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ing into engagement with bank contact 207, 
prepares a circuit for rotary nagnet 167 
of the switch S. Wiper 178, upon coming 
into engagement with bank contact 206. 
places ground upon the second Zone meter 
ing conductor 222, which conductor extends 
to and terminates in the bank of the imeter 
ing switch S, the first 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 response 
to the first impulse of current sent to the 
magnet 166. 
Slow relay 136 energizes when the first 

ground impulse is sent over impulse con 
ductor 126 and, being slow acting, retains 
its armatures attracted throughout the se 
ries of impulses. Upon enelgizing, relay 
136 closes a circuit for slow acting relay 135 
at armature 145. Slow acting relay 135, 
upon energizing, prepares a circuit for step 
ping magnet 155 of the Switch S at arma 
ture 143. When relay 136 deemergizes, at 
the end of the series of inpuises, it opens 
the circuit of slow acting relay 135 at arma 
ture 145, at the same time 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 17 into engagement with the second 
bank contact. A moment later, slow act 
ing relay 135 deemergizes and opens the cii'- 
cuit of stepping magnet 165 at al'mature 
143. 
in response to the calling of the next 

digit 7 which is the third digit in the de 
sired number, line relay 101 of the repeater 
E transmits seven impulses to impulse coin 
ductor 126. In addition to maintaining 
slow acting relay 135 energized, each of 
these seven impulses is transmitted by Way 
of wiper 17, the second associated bank 
contact, armature 161 and its resting con 
tact, wipei 180 of the switch S', bank con 
tact 20, and rotary magnet 16 of the 
switch S. in response to these impulses, 
stepping magnet 167 is operated Seven 
times, thereby advancing the wiper's 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 engagel:ent with bank 
contact 209, prepares a circuit or rotary 
magnet 16S of the switch S. 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 135 fall back one after 
the other in the order nanned, thereby clos 
ing a circuit for stepping magnet 165 of 
the switch S momentarily, whereupon the 
wiper 17 is advanced into engagement with 
the third bank contact, thereby preparing 

a circuit for stepping magnet 168 of the 
Switch S8. 
In response to the calling of the next 

digit 4 in the desired number, line relay 101 
of the repeater E transmits four impulses 
to impulse conductor 126. These impulses 
extend by way of wiper 1 of switch S, the 
third associated bank contact, wiper 183 of 
the switch S", and bank contact 209 to step 
ping magnet 16S of the switch S9. 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 
it is advanced into engagement with the 
fourth bank contact which extends to the 
rotary magnet 170 of the switch S. 

In response to the calling of the next digit 
8 in the desired number, line relay 101 of the 
lepeater E tra Smits eight impulses of cur 
rent to impulse conductor 126. These in 
pulses xtend by way of wiper 177, the 
fourth associated bank contact, and stepping 
magnet 170 of the cut off switch S to bat 
tery. In response to these eight impulses, 
stepping magnet 170 advances wiper 181 into 
engagement with the eighth bank contact 
228. This, however, does not produce any 
result at this time owing to the fact that 
bank contact 22S is not connected up. The 
function of the switch S, it may be said, is 
to prevent a subscribe' 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 S, in which case wiper 181 would 
have been stopped on the fifth bank contact 
225. That being the case, slow acting relay 
136, 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 
S, bank contact 225, resting contact of ar 
mature 162 and said arnature. 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 armsture 117, and cut 
off relay 106 to battery. Cutoff relay 106. 
upon energizing, opens its initial circuit and 
closes a locking circuit for itself at arma 
ture 117, and at armature 118, opens the low 
er conductor of the trunk extending to the 
selector F, whereupon the connection ahead 
releases in the usual manner. However, 
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 upon the termination of the calling 
of the digit 8, which caused the operation of 
the switch S. as explained above, the coln 
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 K, 
Fig. 3, does not produce any result in the 
metering equipment shown in Fig. 4 with 
the exception of the incidental operation of 
the switch S which advances the wiper 177 
two more steps. 

It will be noted that, the four metering k 
the closure of contacts 239, battery is placed conductors 221-224, inclusive, are grounded 

So as to cause the calling subscriber to be 
assessed four charges, in accordance with the 
call, which is extended into the fourth Zone, 
upon the response of the called person. 
When the called subscriber responds to the 

ringing of his bell by renoving his receiver, 
the connector K disconnects the source of 
ringing current from his line and connects 
the latter to the windings of back bridge 
relay 119. Back bridge relay 19, upon en 
ergizing over the called line, reverses the in 
coming trunk conductol's as regards their 
connection with the associated line "elay, 
thereby causing a reversal in the direction 
of current flow in said trunk conductois. 
When this occurs, the repeater's E3, E2 and 

: E reverse their respective incoming trunk 
When this occurs, elect'o- 

i. eine'- 
conductors also. m 
polarized relay 104 of the repeates' 
sizes, on account of the upper winding as 

190, upon the subsequent deemergization of sisting the lower winding after the reversal 
takes place, and closes a circuit for reversing 
relay 100 at armature 115. Reversing relay 
100, upon energizing, reverses the trunk con 
ductors 2 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 130, upon conductor 129 at ar 
mature 116, thereby closing a circuit for 
relay 138, Fig. 4. Relay 138 upon ener 
gizing, closes a locking circuit for itself at 
armature 149 : opens the lead 127 extending 
to cut off relay 106 in the repeater E at 
armature 189; opens a point in the circuit 
of release magnet 214 of metering switch Si 
at armature 150; and at armature 148 con 
nects the common impulse conductor 190 
with stepping magnet 213 of the metering 
switch S by way of armature 151. 

Before going further, the operation of the 
timing device T, may be explained. The 
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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 by closing the contacts 239, 
Contacts 239 remain closed until the pendu 
lum 232 has swung to the left far enough 
to open the contacts 240. When this occurs, 
relay 233 deemergizes and opens contacts 239. 
This pendulum, it may be said, is of such a 
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 in the pres 
ent showing. It may be pointed out that 
each time relay 231 energizes, in response to 
upon common conductor 190 at armature 241. 
The operation will now be proceeded with. 

The next time that battery is placed upon 
conductor 190, at arrnature 241 of relay 231, 
after conductor 190 is connected up, at 
arlinature 148 of relay 138, the following 
circuit is closed for stepping magnet 213 of : 
the Switch S: Fron ground by way of step 
ping magnet 213, resting contact of arma 
filte 151 and said armaitlie, al'mature 148 
aid its working contact, and common con 
ductor 190 to battery. Stepping magnet 
213, upon energizing. advances the w 
211 into engagement with the first associated 
bank contact. This first step, however, 
serves merely as a pick up or synchronizing 
step which is taken to insure that the fol 
lowing step will begin just as battery is 
placed upon connllion conductor i90. When 
battery is removed fron coal on conductor 
relay 231, 'otary magnet 213 deemergizes, 
and when battery is placed upon conductor 
190 again, I'otally naginet 213 energizes. 
thei'eby advancing wiper 211 into engage 
inent with the second associated contact, 
which is the contact in which the first zone 
metering conductor 221 terminates. When 
this occurs, the following circuit is closed: 
From ground by way of of normal contacts 
179 of the switch S, the first zone metering 
conductor 221, wiper 211, working contact 
Of al'mature 251 of stepping magnet 213 and 
Said al'mature, metering relay 137, and 
thence to battery by way of common con 
ductor 190. Metering relay 137, upon ener 
gizing, disconnects ground from conductor 
128 and connects so called booster batte;v. 
thereto at armat}}re 147. It will be noted that 
this so called booster battery is opposite in 
poiarity to the 'egular exchange battery and, 
accordingly, the current flow through any 
relays which ale connected froin the ex 
change battery to release trunk conductor 
73 is increased. It will be inderstood, how 
ever, that the increase in current flow 
through relay 44 of the selector D is not 
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sufficient to bring about the operation of 
stepping relay 43, nor is the increase in ell 
rent flow through relay 5 of the line switch 
C sufficient to bring about the operation of 
the stepping magnet . This inci'ease of cir 
rent flow unlalances the differentially won 
relay 3), Fitr. 1, and the said 'elity, pot el 
ergizing, places ground !) in hetering ("on 
ductor 23 at a rature 3:2, the rely closing : 
circuit for the lague of the meter AI. The 
magnet of tile ineter MI, upon energizing, 
advances the heter nube; wheels, theirely 
registering one charge against the calling 
subscriber. 
When attery is again 'enovel foil coin 

ductor 190, Fig. 4, rotary Iagnet 213 of 
the switch S and aetering relay 137 de 
energize. Metering relay 13, upon cleener 
gizing, places ground upon conductor 12S 
and consequently upon 'elease trunk coll 
ductor 3 of the repeater E and removes 
booster battery therefron, thereby restor 
ing the balance to the two windings of re 
lay 30, Fig. 1. Relay 30 how deemergizes, 
thereby opening the circuit of the magnet 
of the meter M, whel'e poin the Said hag 
net deemergizes, allowing its l'îlattire to en 
gage another notch on the associated atchet 
wheel. When battery is again placed upon 
common conductor 190, Fig. 4, rotary mag 
net 213, upon energizing, advances wiper 
211 into engagement with the bank contact 
in which the second Zone metering coil 
ductor 222 terminates, thereby closing the 
following circuit for metering relay 137: 
From ground by way of wiper 17 S of the 
switch S, bank contact 206, second Zone 
metering conductor 222, wiper 211, and 
thence to battery, by Way of metering relay 
137 and common conductol 190. Metering 
relay 137, upon energizing, causes the meter 
M to be operated a second time in the previ 
ously described anner. When battery is 
again reinoved from common conductor 190, 
inetering relay 13, and stepping lalaghet 218 
keenergize. 
By identical Operation stepping hagnet 

213 of the switch S and metering relay 137 
energize when the next impulse of battery 
is placed on conductor 190 and deemergize 
again when it is removed therefroin. . t 
this time wiper 211, of course, is brought 
into engagement with the bank contact in 
which the third Zone hetering conductor 223 
is terminated. 
When the next implilse of battery is 

placed upon common conductoi's 190, step 
ping magnet 213 energizes, thereby advanc 
ing wiper 211 into engagement with the bulk 
contact in which the fourth Zone metering 
conductor 224 is terminated, whereupon 
metering relay 137 energizes again, and 
when battery is renoved from conductor 
190, metering relay 13, and stepping lag 
net 213 deenergize. When the following 
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impulse of battery is placed upon coinanol 
conductor 190, rotary magnet 213 advances 
wiper 211 into engagement with the lank 
contact which is connected with the lipei' 
winding of relay 139 and, u on completing 
its stroke, connects up wiper 211, thereby 
closing the following circuit for rely 139: 
From the upper winding (if relay 139 by 
way of the bank contact with which it is 
connected; wiper 211, working contact of 
arnature 251 and said arnature, hetering 
relay 137, and thence by way of the pre 
viously traced circuit to battery. Relay 139 
energizes over this circuit, but relay 13 does 
not energize owing to the high resistance 
of the upper winding of relay 139. Relay 
139, upon energizing, coupletes 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 S. the first associated 
bank contact, al'mature 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 disconnects con 
non conductor 190 from stepping magnet 
213 and metering relay 137, at armature 
151; connects common conductor 191 with 
stepping hagnet 169 of the switch S at ar 
nature 155; and at al'mature 152 opens a 
point in the circuit of release magnet 176 
of the switch S and closes a circuit for 'e- 
lease magnet 214 of the switch S by Way 
of of normal contacts 212 of the switch S. 
Release magnet 214 of the switch S', upon 
energizing, restores the wiper 211 to nor 
mal, whereupon of normal contacts 212 Sep 
a rate, thereby opening the circuit of re 
lease magnet 214. 

It will be iremeinbered that common con 
ductor 191 was connected with stepping 
magnet 169 of the switch S at armature 
155, upon the energization of 'elay 139. 
The effect produced by this will now he 
explained. It will be noted that upon each 
closure of contacts 239 of the time device 
T, a circuit is closed for stepping Inaginet, 
234 of the cumulative time device CT in 
multiple with relay 231. Each time step 
ping magnet 234 energizes, the associated 
arhature 235 causes the notched member 236 
to revolve one step. Since there are sixty 
teeth on the member 236, ind since the con 
tacts 239 are closed twice per second, the 
member 236 makes a complete 'evolution in 
half a minute. That being the case, the pro 
jection 24!. One the nean:er 236 operates 
springs 23S and 237 once during each half 
ininute. Each time spring 237 is operated, 
it places ground upon the associated conduc 
tor, thereby closing a circuit for relay 230. 
Relay 230, upon energizing, places ground 
upon common conductor 191 at all nature 
242. This, of course, occu's momentarily 
once during each half minute. As Soon as 
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ground is placed upon conductor 191, after 
armature 155 of relay 139 has been operated. 
a circuit is closed for stepping magnet 169 
of the Switch S. Stepping magnet 169, 
upon energizing, advances wipei 186 into 
engagement with the £econd bank contact. 
When this occurs, off normal contacts 185 
close, thereby prepairing a circuit for re 
lease magnet 176. The switch S continues 
to advance one 

ki 

step during each half (ininite 
until the wiper 136 passes of the last coin 
nected contact at which time the hetering 
process, previously explained, will be 'e- 
peated if the calling subscriber has not 
hung up. 

Before repeating the metering operation 
it is desirable to give the calling subscriber 
a momentary warning so that, if desired, he 
may terminate his conversation before he is 
assessed another charge. The nainner in 
which this is done will now be expiained. 
At the end of the sixth time interval of Oine 
half minute, the steppig inagnet ió9 will 
have been operated six times and he wiper 
186 Will have been advanced into £ing 
linent with bank contact. 253. W. 

€Igage 
When the next 

momentary ground in pulse is placed upon 
common conducto. 91, stepping lagnet 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 armature 188, connects the 
common tone lead 192 with conductol' 13t 
through a condenser as shown. Conducto: 
131, it 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 neaber 246 of 
the device CT operates spring 237. When 
the projection 244 is rotated about three 
fourths of the way around to spring 237, 
it again operates Spiring 238, thereby coin 
necting the common to:he lead 192 with al 
Inature 194 of the interrupter relay 193. 
Relay 193 is being alternately energized and 
deenergized and, accordingly, during the 
time that spring 238 is operated, the calling 
subscribe will hear the tones produced by 
the tone machine Tii and the tone inachine 
Tyi' alternately. This will indicate to him 
that he intust quickly terminate his conver 
sation and release the connection oil he will 
be assessed another' charge. 
As the member 236 rotates fli' 

238 again moves out. Of engage 
working contact, thereby lecting 
common conducto: 192 and 'ei novii 
distinctive tone combination from the 
When another ground impulse is li 

upon common conductor 191. a levy sect 
later in response to spring 237 bein: 
ated, assuming that the calling subscri 
not through conversing and that he holds 
the connection, stepping magnet 169 of the 
switch S. advances the wiper 86 into en 

gagement with the next contact, thereby 
opening the circuit of relays 187 and 139, 
whereupon they both deemergize. Reisy 
139, upon deemergizing, connects up colm 
non conductor 190 with rotary magnet 213 
of the switch S9 and with metering relay 
137. arinature 151, whereupon the pre 
viously described metering operations take 
place again with the result that the calling 
S. bscriber's meter is Operated four tinnes 
O. As a further result of the deemergiza 

st 
.. 

tion of 'elay 139, it closes, at armature 152. 
&nd its resting contact, a circuit for release 
magnet 176 of the switch St, whereupon the 
wiper 186 is restored to norial, the circuit 
of release inagnet 176 being opened at of 
normal contacts 185 when wiper 186 reaches 
ormal position. 
After the termination of the second series 

of 3 eter Ogerations, 'elay 139 is again einer 
gized; the stepping magnet 169 of the 
switch S4 is connected with common con 
ductor 191: 2nd the Switch S is released in 
the previously described manner; and if 
t he calling Subscriber continues to hold the 
line innettering operations will be re 
peated about every four minutes until he 
hangs up. 
When the conversation is terminated, the 

calling and called subscribers replace their 
'eceivers. When the receiver is replaced 

called substation, the circuit of back 
Bridge 'elay 119 of the connector K is 
Opened, and the said relay, upon deemergiz 
ing, reverses the incoming trunk conductors 
back to normal, which reversal is relayed 
back over the established connection from 
i’epeater to repeater until it reaches the re 
peater E. When the current fiow in the 
lower winding of electiopolarized relay 104 
of the repeater E is reversed to normal by 
the repeater E, the said relay 104 deener 
gizes, thereby opening the circuit of re 
versing relay 100, whereupon the current 

the 

flow in the conductoi's 72 and 74 is reversed 
back to normal. As a further result of the 
deemergization of relay 104, the initial cir 
cuit of relay 138, Fig. 4, is opened at arma 
ture 116. Relay 138, however, remains 
energized over its previously described lock 
ing circuit which includes armature 149 and 
the grounded conductor 130. 
When the receiver is replaced at the call 

iing stabstation A. Fig. 1. the circuit of line 
relay 101 of the repeater E is opened. Line 
relay 101, upon deemergizing, opens the 
bridge across the flunk extending to selector 
F at almature 110, whereupon the connec 
tion ahead is released in the well known 
Inanner. As frther rest of the de 
(energization of line relay 101, it opens the 
circuit of release relay 102 and places 
ground upon conductor 126 at armature 109. 
This causes relay 103 to energize, but this 
does not produce any useful function at this 
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time. As a further result of the ground 
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 almature 
144 and its Working contact at armature 142. 
When release relay 102 deemergizes, 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 restoring the associated 
wipers of the switches S-S, inclusive, and 
S5 to normal. A short time later relays 135 
and 136 deenergize, thereby opening the 
circuits of the mentioned release magnets. 
Relay 103 of the repeater E also deemergizes 
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 E. at armature 
112, relays 138 and 139, Fig. 4, deemergize. 
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 deemergizing, 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 31 deemergize. 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 
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restored to normal position, whereupon the 
circuit of release magnet 60 is opened at off 
normal contacts 61. 
In regard to relays 30 and 31, 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 deemergize 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 33rd 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 dialed to be 3 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 79. 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 S, at armature 162, 
and connects it to the seventh bank con 
tact, 227. 
Upon the calling of the next digit of the 

desired number, an incoming selector in the 
33rd 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 
S 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. 5, raises its wipers to the 7th 
level and picks out a trunk to the 337th ex 

70 

75 

80 

85 

90 

95 

00 

05 

O 

5 

120 

125 

30 



O 

5 

20 

25 

30 

. . 

£5 

s 

t 

change, which exchange is located in the 5th 
zone. In this case the wiper 181 of the 
switch St, Fig. 4, is brought into engage 
ment with the 7th contact. 227, thereby clos 
ing the following circuit for cut of relay 
106 of the repeater E: From ground by way 
of the 4th zone metering conductor 224, 
wiper 181 of the switch S. 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 repeater E. Cutoff relay 106, upon energizing, opens its initial circuit 
and closes a locking circuit for itself at al 
mature 117, and at armature 118 opens the 
bridge across the conductors of the asso 
ciated trunk, whereupon the connection ex 
tending ahead is released in the usual man 
e. 

Assuming now that the numberealled was 
some number other than 7, the calling of the 
remaining digits of the desired number, in 
addition to extending the connection to the 
called line, 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 apparatus 
into action and since the metering conduc 
tors 221-224, inclusive, are grounded, the 
initial charge is four operations of the meter 
M, Fig. 1, as described hereinbefore, and the subsequent operation depends upon the 
length of the conversation. - 

It will be understood, of course, that if 
the first digit of the number called is 8, 
and the second digit is some digit other than 
3 or 6, the connection will be extended to 
some subscriber in the 3rd exchange, Fig. 
5, which exchange is in the first Zone, and 
in this case only the 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 36th 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 367 in the 3rd 
zone, and if the next digit called is not 4, 
only the first three metering conductors 
221-223, inclusive, will be grounded and an 
initial charge of three registrations of the 
meter will be made. Obviously, in any case, 
as long as the line is held, the initial charge 
will be repeated every four minutes. It will 
be understood also that this time interval 
is shown merely as an example and that any 
time interval other than four 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 
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the bank of the switch S. Inay be varied, 
thereby, in either case, varying the time in 
terval accordingly. 

It will be understood also that each of 
the repeaters E, E° and E are equipped 
with similar metering 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 legistening switches 
associated with these repeaters is changed 
according to the location of each repeater. 
it will be understood also that, while the 
Subscribers in the first Zone are lot per 
mitted to call subscribers in the fifth Zone, 
a subscriber of the 36th exchange, Fig. 5, in 
the second zone is permitted to call a sub 
scriber 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 counting from the calling exchange, 
and the cut of relays of the various l'epeat 
ers, such as the cut of relay 106 of the re 
peater E, 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 telephone systelal, it 

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 said second 
exchange for predete'inining a certail 
charge to be assessed against the calling Sub 
scriber, automatic switching mechanism in 
said second exchange responsive to the nex. 
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 calling exchange 
operated responsive to the impulses of the 
last named digit, another automatic switch. 
and means controlled by said switch for 
making a suitable increase in the predeter 
mined charge and for connecting up said 
other automatic switch in case the call is 
extended to said third exchange. 

2. In an automatic telephone 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 
Subscriber, automatic switching 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 in the predetermined charge, a sec 
Ond automatic switch, said first automatic 
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 
Scriber 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 Zone, a common timing 
mechanism, a step by step automatic switch 
separate from said assessing means and in 
dividual to the connection operated at in 
tervals by said common timing device after 
the call is answered, and means controlled 
by said switch for repeating the initial 
charge at regular predetermined intervals 
during the conversation. 

4. In 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 against the calling subscriber 
by energizing said differentially wound 
magnet while retaining said mechanism in 
operated position. 

5. In an automatic telephone system, a 
calling line, an automatic switching mech 
anism, a meter individual to said line, 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 holding conductor and the other 
winding with said pole of said source of 
current, means for varying the potential on 

said holding conductor So as to operate said 
differentially 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 connection to a Sec 
old exchange located in a distant Zone and 
thence by way of a particulal' trunk to a 
called subscriber in a third exchange located 
in a more distant Zone, means whereby a 
calling subscriber in said second eXchange 
can extend a connection over said trunk to 
said third exchange and thence to a called 
subscriber in a fourth exchange located in 
a still more distant Zone, and means for pre 
venting a calling Subscriber in the first 
named exchange from calling a subscriber in 
Said fourth exchange, by releasing the con 
nection extended from said first eXchange. 

7. In a telephone system laid out in Zones, 
means 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 subscriber 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 placing said second tone on the 
line prior to the assessing of each additional 
charge. 

S. 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 switch and having one winding ener 
gized over said conductol 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 changing the potential 
On said conductor to operate said relay. 

10. In a telephone system, a plurality of 
serially related exchanges connected by 
trunk lines, automatic trunking and local 
Switches, in said exchanges controllable by a 
calling subscriber in the first of said ex 
changes to connect with called subscribers in 
any of the other exchanges, a plurality of 
register 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 illeans 
for preventing the operation of furthel reg-, 
ister switches when a call reaches the local 
switches in any exchange, and heasured 
service cquipment for the calling subscribe 
controlled by said register switches. 

11. In a telephone system, a plurality of 
serially related exchanges interconnected by 
trunklines, subscribe's lines terminating in 
said exchanges, lessage 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 repeate; included in said 
connection, said repeater being repeatedly 
operated in the establishment of said con 
nection, Zone metering equipment associated 
with said repeater, said equipment including 
a sequence switch and a plurality of register 
switches, circuit means for operating the 
first of said register's simultaneously with 
said 'epeater to register tile digit called, 
Ileans operable at the end of that digit for 
operating said sequence Switch to pi'epal'e 
circuits for operating a second of Said regis 
ters, means for operating said Second regis 
ters simultaneously with said repeate!' as 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 subscriber in one of said 
exchanges can extend a connection to a sec 
ond exchange, means operable when the 
digit is 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 
instic switching mechanism in said second 
exchange l'esponsive to the next digit in the 
called number for extending the connection 
on toward a called SibScriber in the same 
cxchange 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 ineans controlled 
by the switch 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. In 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 accessible 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 extended be 
yond said zones, while permitting the Sub 
scribers of said second exchange to call be 
yond said zones. 

14. In a telephone system having a plu 
itality 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 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 ex 
tended connection. 

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 zones, 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 trunkline, a Tepeater 
associated with said trunk line, a relay in 
Said repeater, and Switching means asso 
ciated with said repeater for operating said 
relay to release the extended connection if 
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 
2O. 

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 leading di 
lectly 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. 
trunk 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 automatic tele 
phone system having a plurality of Zones, a 
first exchange in a 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 
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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 l'esponsive 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 first 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 subscribe 
my name this 16th day of January, A. D., 
1922. 

FRED T. MADSEN, 
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