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This invention relates to time measuring
devices and more particularly to devices of
this character when used in measured serv-
ice telephone systems. . ) N

s The object of the invention is to provide
such systems with means for more accurate-
ly and reliably measuring and indicating
the lapse of predetermined intervals of time.

A feature of the invention is a time meas-

10 uring circuit for use in communication, sys-

tems in which two or more switching mecha-
nisms are each adapted to operate in accord-
ance with periodic impulses of a relatively
different character and are adapted for co-

15 operating at predetermined positions' to in-
dicate the lapse of specific intervals of time.

According to another feature of the in-
vention, a timing circuit is controlled by pe-

- riodic impulses of two different frequencies

" 20 to measure unit periods of conversation for

which a subscriber is to be charged, the max-
“imum variation in the initial unit period be-
ing equal to one cycle of the higher fre-
quency.- - '
25
vention, the circuits of a telephone system
are arranged for operating a calling sub-
scriber’s meter initially when a call 1s suc-
cessfully established and thereafter at pre-
30 determined intervals according to the set-
ting of a plurality of switching mechanisms
which are adapted to advance at different
speeds and to cooperate in effecting the neces-
* sary metering operations.
85 - Another feature of the -invention is a
time measuring circuit, for a telephone sys-
_ tem, in which two switching mechanisms co-
operate in consequence of the answer of a
called subscriber for effecting an initial regis-
40 tration on the calling subscriber’s meter, for
thereafter effecting additional registrations
at predetermined intervals, and for initiating
the release of th& connection after a prede-
termined time has elapsed, said switching
45 mechanisms being respectively controlled by
impulses of different frequencies.
Another feature of the invention is a cir-
.cuit arrangement, for a telephone system, in
which a tone is transmitted to the calling sub-
80 scriber after a predetermined interval of time

According to another feature of the in-

has elapsed, said interval being measured by
the cooperation of two switching mecha-
nisms. ' -

. The features of this invention will be bet-

ter understood from the following descrip-

tion of one method of carrying the invention

into effect. It is understood, however, that

this description is given by way of example
only and that various modifications and
other applications of the invention will read-
ily oecur to those skilled in the art.
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The drawing, which forms a part of vthis o

description, diagrammatically represents an
automatic telephone system arranged for
message rate service. In the drawing, A and
B represent subscribers’ stations, L
sents a line-finder switch, T represents a

-trunk circuit arranged for zone metering, S1
represents a first selector switch, R repre-

sents an outgoing-trunk impulse repeater, S2
represents an incoming selector switch, and

repre-
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C represents a connector switch. Only those -

portions of the line-finder, selector and con-
nector circuits are shown as are involved in
the description of this invention, the omitted
portion of these circuit units being represent-
ed by broker lines. -

The line 1 at the calling station A is con-
nected in the usual manner to a line rela.y. 2,
to terminals in the bank of a group of line-
finder switches of which only the line-finder
LF is shown, and to terminals in the bank
of a group of connector switches, none of

- which are shown in the drawing. The meter

4 is connected in parallel with the cut-off
relay 8 in the usual manner, the operation of
line relay 2 being effective to connect their
windings over conductor 5 to the sleeve ter-
minal associated with the terminals of line

1 in the line-finder banks. ~ The line-finder"
switches are of the'well known Strowger type

and reference may be had to Patent 1,711,682,

‘issued May 7, 1929, to H. Hovland for a com-

plete description of the operation of the line-
finder circuit LF'; the multiple brushes des-
ignated 11, 12 and 13 correspond to one of the
two sets of multiple brushes shown in the
Hovland patent.

The trunk circuit T, which is permanently
associated with the line-finder LF and se-
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lector S1, includes the polarized supervisory
relay 50, a zone metering switch M, and two
timing switches T1 and T2. The windings
of supervisory relay 50 are connected in
series with the line conductors of trunk T
but this relay does not operate during the
establishment of a connection until the cur-
rent over the talking conductors is reversed
in consequence of the answer of a called sub-
scriber. The operation of relay 50 is effective
to initiate the operation of the timing
switches T1 and T2, these switches being ar-
ranged to respond to impulses from relays
27 and 37 to measure the initial and succeed-
ing unit periods of conversation; the opera-
tion of relay 50 is also effective to initiate

-the operation of the metering switch M so

as to close the cireuit for operating the meter
4 the proper number of times as a charge
for each period. The zone relays 44 and 45
are similar to the zone relays 21 and 22 in
the copending application of R. L. Stokely
Serial No. 482,699, filed September 18, 1930,
and are similarly operated as soon as the
calling line is extended to the repeater R;
the operating. circuits for these relays are
not shown since they are only incidental to
the description of this invention. On a call
to subscribers in zone 1 neither of relays 44
or 45 is operated; on a call to zone 2, relay
44 is operated ; and on a call to zone 3, relays
44 and 45 are both operated.

The timing switches T1 and T2 are of the
unidirectional rotary type. Switch T1 in-
cludes stepping-magnet 20 and brushes des-

ignated 21 to 26 inclusive, and switch T2

includes the stepping-magnet 30 and brushes
designated 81 to 36 inclusive, the advance
of the brushes being effected by the release
of the corresponding magnet. Each of the
brushes of these switches has access to an
arc of eleven terminals, the brushes being ar-
ranged in pairs so that one of the brushes of

each pair makes contact alternately with the

terminals in their respective arc during ro-
tation. The odd numbered ‘brushes of
switches T1 and T2 are normally resting in
position 8. The interrupters 28 and 38 are
arranged to transmit impulses to operate re-
lays 27 and 37, relay 27 being thus operated
once every two seconds and relay 87 being
thus operated once every thirty-six seconds;
the operation of relay 37 occurs simultane-

" ously with one of the operations of relay 217.
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The switch T2 is advanced.one step by each
operation of relay 37 after the called sub-
scriber answers, but switch T1 is advanced
% the operations of relay 27 only if switch

is in certain positions. The difference in-

the timing of the impulses from the two in-
terrupters renders the cooperation of timing
switches T1 and T2 effective to measure pre-
determined intervals of time.

The metering switch M is also a unidirec-

tional rotary type switch having a stepping-
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vance of the brushes being effected by the re-
lease of the magnet. The brushes are ad-
vanced one complete cycle to charge the call-
ing subscriber for each unit period of con-
versation. When the called subseriber an-
swers and the supervisory relay 50 operates,
the metering switch is.immediately advanced
from its normal position to charge the calling
subscriber for the initial unit period of con-
versation. . If the call extends beyond the ini-
tial unit period, which may be three minutes,
the metering switch is again advanced from
its normal position to repeat the charge for
the next unit period of conversation; the cir-
cuits for advancing the metering switch to
make repeated charges are closed in predeter-
mined positions of the timing switches T1
and T2, which positions indicate the begin-
?ng of additional unit periods of conversa-
ion.

The selector switches S1 and S2 and the
connector switch C are also of the well known
Strowger type; and reference may be had to
pages 53 to 67 inclusive of the second edition
of Automatic Telephiony by Smith and
Campblell for a complete description of the
operation of these switches.

The repeater tircuit R is similar to that
discloged in the aforementioned application
of R. L. Stokely, Serial No. 482,699 ; and ref-
erence may be made to this application for a
detailed description of the operation of the
repeater R. As soon as a calling line is ex-
tended to this repeater circuit, ground is ex-
tended from the repeater over the sleeve con-
duetor to operate relay 15 of the trunk cir-
cuit and thus connect a holding ground to
sleeve conductor 14; and an impulse is then
transmitted from the repeater to operate that
combination of the zone relays 44 and 45 of
trunk circuit T as corresponds to the zone

in which the distant end of the trunk outgo-

ing from this repeater terminates. ,
The operation of the system disclosed in
the drawing will now be described in detail,

insofar as such a deseription tends to explain -

this invention. When the subscriber at sta-
tion A removes the receiver from the re-
ceiver hook to originate a call, the line relay
2 operates in the nsual manner. The opera-
tion of relay 2 connects the windings of the
cut-off relay 3 and meter 4 over conductor
5 to the sleeve terminal associated with line
1 in the bank of line-finder LEF. The opera-
tion of line relay 2 is also effective to con-

magnet 40 and two brushes 41 and 42 the ad- -
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nect ground over conductor 6 to start one of

the line-finders in the associated group in

search of the calling line. .We will assume

that the line:finder LF is the one thus started
in search for line 1, and that line 1 is ex-
tended throngh the brushes 11 and 12 over
the conductors of trunk T to the first selector
switch S1. When the calling subscriber dials
the office code and nunierical digits of the
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number'bf the called station B, the selector
-switch S1, the repeater R, the selector switch

S2 and the connector switch C are operated
to extend the calling line 1 to line 101 of the
called station B. en the subscriber at

station B answers the call, the connector C-
transmits a sdpervisory signal ‘to. the out-.

going repeater R, and the repeater R then re-
verses the battery and ground suﬁphed to the
calling station A so as to cause the operation

of the polarized supervisory relay 50 in the.

trunk circuit T. The cut-off relay 3, and the
line-finder and first selector switches, are
held operated by the ground at relay 46 con-
nected to the sleeve conductor 14 under the
control of repeater circuit R ‘as described in
the aforementioned application of R. L.
Stokely, Serial No. 482,699.

When the polarized supervisory relay 50
operates, in consequence of the answer ‘of
the called subscriber, it closes a circuit for op-
erating relay 51. Relay 51 closes a circuit
from ground through the secondary winding
of the transformer 53, through the right outer

5 front contact of relay 51, through brush 33 in

normal position 8, and through brush 21 in
normal position 8, through the normal ter-
minal of bank 41 of switch M to the winding
of stepping-magnet 40. Magnet 40 releases
as soon as brush 21 is advanced out of posi-
tion 8 as hereinafter described. The release
of magnet 40 advances the brushes 41 an_d. 492
to position 2. When brush 42 enters position
2, relay 46 operates thereby transferring the

» connection from sleeve conductor 14 of line-

finder LF from the holding ground to the
booster battery 47. The marginal meter 4
is operated and the cut-off relay 3 is held

.. operated in this circuit to the booster bat-
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tery 47. With brush 41 in any of the off-
normal positions, stepping-magnet 40 is al-

ternately operated and released under the

control of interrupter 43 thereby causing the
advance of brushes 41 and 42 to their normal
position. Relay 46 releases when the switch
advances from position 2, thereby discon-
necting the booster battery #rom conductor 14
so as ta release meter 4 and reconnecting the
ground to conductor 14 to hold the. cut-off
relay 3. If zone relay 44 is operated, the
charging relay 46 reoperates when brush 42
enters position 4; and if zone relay 45 is op-
erated, relay 46 is again operated when brush
42 reaches position 6. The one or more op-

erations of meter 4 in positions 2, 4 and 6
constitutes the charge for the initial period
-of conversation. ‘ :

Assuming that the operation of relay 51
occurs at the beginning of a cycle of inter-
rupter 88, relays 27 and 37 will both operate
simultaneously one second after relay 51 has
operated. = Relays 27 and 87 will remain op-
erated for one second, relay 27 closing a cir-
cuit over conductor 29 for operating magnet
20, and relay 37 closing a circuit over conduc-

tor 39 for operating magnet 80. . The brushes
of switches T1 and T2 are thus advanced one
step by the operation and release of magnets
20 andy 80 from their normal position. After

an interval of thirty-six seconds magnet 30 is

again operated by relay 37 thereby advancing
the brushes of switch T2 another step. The
operation of relay 37 every thirty-six seconds
is effective to advance the brushes of switch

T2 until the brushes 82, 34 and 36 reach posi-
tion 2 of their respective arcs. The circuit
“for operating stepping-magnet 20 of switch

T1 was opened as soon as this switch ad-
vanced from its normal position; but when
brushes 82, 34 and 36 of switch T2 reach ter-

3
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minals 2 of their respective arcs, magnet 20 -

is reoperated in a circuit through terminal
2 and brush 82, over conductor 29, through
the inner right front contact of relay 51, to
ground at relay 27. The stepping-magnet
20 is thereby successively operated and re-
leased every two seconds to advance its
brushes eighteen steps before the reoperation
of relay 37 and stepping-magnet 30 advances
brush 32 beyond terminal 2. When brush
21 engages terminal 4 of its arc at the end
of the seventeenth step, a circuit is closed for
reoperating stepping-magnet 40; this circuit
is traced through brush 41 in its normal po-
sition, brush 21 in position 4, brush 34 in po-
sition 2, the right outer front contact of relay
51, through the secondary winding of trans-
former 29 to ground. When brush 21 is ad-
vanced to terminal 5 by the éighteenth succes-
sive operation of magnet 20, magnet 40 re-
leases to again advance the brushes of switch
M from their normal position. Switch M

now makes ‘a second revolution under the

control of interrupter 43 so as'to operate me-
ter 4 one or more times as a charge for the sec-
ond unit period of conversation. The tim>
which elapsed from the first revolution of
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switch M until the second revolution of

switch M is measured by the four steps of
switch T2 and the seventesn steps of switch
T1. Since the operation of relays 50 and 51
may have occurred at any time between a ra-
lease of relay 27 and the subsequent simulta-
neous operation of relays 27 and 87, it is ap-
parent that the initial unit period of con-
versation is equal to three minutes with an
accuracy of plus 0 to minus 2 seconds, this
being the sum of the time for the initial si-
multaneous stepping of switches T1 and T2
plus-the time for four steps of switch T2 at

thirty-six seconds per step plus the time for-
- seventeen steps of switch T1 at two seconds

per step. (From 0 to 2 seconds + 4 X 36
seconds + 17 X 2 seconds = 180 seconds, plus
0 minus 2.)

When relay 27 closes the circuit for operat; |

ing magnet 20 to advance the brushes of
switeh T1 for the eighteenth successive step,
relay 87 also closes the circuit for operating
magnet 30 so that brushes 82, 34 and 36 are
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3 switch M from its normal position.

4

advanced to terminal 3 of their respective
arcs at the same time that brushes 21, 23 and
95 are advanced to terminal 5 of their respec-
tive arcs. Switch T2 will now be advanced
frar steps under the control of relay 37 and
interrupter 38 (one step every thirty-six sec-
onds) until brushes 32, 34 and 36 engage ter-
minal 7 of their respective arcs; whereupon
switch 2 will again be advanced another eight-

een steps (one step every two seconds) un-

der the control of relay 27 and interrupter 28,

the circuit for operating magnet 20 being-

traced through brush 82 and terminal 7. At
the end of the seventeenth step, with brushes
29, 24 and 26 in contact with terminal 11 of
their respective arcs, a circuit is closed from
ground through the secondary winding of
transformer 53, right outer front contact of
reley 51, brush 34 and terminal 7, t2rminal 11
and brush 22, normal terminal and brush 41,
to the winding of magnet 40. Magnet 40 re-
operates and when brush 22 is advanced by
the eighteenth sucesssive operation of magnet
20, magnét 40 releases to again advance
Switch
M now makes a third revolution, during
which the meter 4 is operated one or mor?
times as a charge for a third unit period of
conversation. 'The time which elapsad from
the beginning of the second revolution until
the beginning of the third revolution of
switch M is equal to the sum of the time for

the eighten steps of switch T1 plus the time-

for four steps of switch T2, so that the second
measured unit period of conversation is ex-
actly three minutes.

When relay 27 closes the circuit for oper-
ating magnet 20 to advance the brushes of
switch T1 for,the eighteenth successive step,
relay 37 again closes the circuit for operating
magnet 30 so that brushes 32, 34 and 36 are
advanced to terminal 8 of their respective
arcs at the same time that brushes 21, 23 and
95 are advanced to terminal 1 of their respee-
tive ares. ~ Switch T2 will now be advanced

four steps under control of relay 37 and .

interrupter 88 (one step every thirty-six sec-
onds) until brushes 81, 33 and 35 engage
terminal 1 of their respective arcs; where-
upon switch T1 will again be advanced an-
other eighteen steps (one step every two sec-
onds) under the control of relay 27 and
interrupter 28, the circuit for operating mag-
net 20 being traced through brush 31 and
terminal 1.. At the end of the seventeenth

step, with brushes 22, 24 and 26 in contact

with -terminal 7 of their respective ares, a
circuit is closed from ground through the

secondary winding of transformer 53, right,

outer front contact of relay 51, brush 33 and
terminal 1, terminal 7 and brush 22, normal
terminal and brush 41, to the winding of
magnet 40. Magnet 40 operates’ and when

brush 22 is advanced by the eighteenth suc-

cessive operation of magnet 20, magnet 40

1,862,587

releases to advance switch M from its normal
position. Switch M now makes a fourth
revolution, during which the meter 4 is oper-
ated four times as a charge for 2 fourth unit
period of conversation. The third unit
period of conversation was also exactly three
minutes being measured by the advance of
timing switches T1 and T2 between the third
and fourth revolutions of switch M.

When relay 27 closes the circuit for oper-
ating magnet 20 to advance the brushes of
switch T1 for the eighteenth successive step,
relay 87 again closes the circuit for operating
magnet 80 so that brushes 31, 33 and 35 are
advanced to terminal 2 of their respective
ares at the same time that brushes 22, 24 and
96 are advanced to terminal 8 of their respec-
tive arcs. Switch T2 will now be advanced
three steps under control of relay 37 and
interrupter 38 (one step every thirty-six
seconds) until brushes 31, 83 and 35 engage
terminal 5 of their respective arcs; where-
upon switch T1 will again be advanced eight-
een steps (one step every two seconds) under

the control of relay 27 and interrupter 28, the ¢

cirenit for operating magnet 20 being traced
through brush 81 and terminal 5. At the end
of the seventeenth step, with brushes 22, 24

and.26 in contact with terminal 8 of their

respective arcs, a circuit is closed from
ground through the secondary winding of
transformer 53, right outer front contact of
relay 51, brush 83 and terminal 5, terminal 3
and brush 24, to the winding of magnet 30.
When relay 27 operates to cause the eight-
eenth successive step of switch T1, relay 37
also operates to close the.circuit for oper-
ating magnet 30; and, when relays 27 and 87
telease, the eighteenth successive step of
switch T1 is made simultaneously with the
fourth step of switch T2. It is, therefore,
apparent that the cirenit for operating mag-
net 30 through brush 24 and terminal 3 is not
necessary under the conditions assumed at
the beginning of this detailed description,
but this circuit is of use under other condi-
tions as hereinafter described. Since termi-
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nals 5, 6, 7 and 8 in bank 31 are strapped '

together, the stepping-magnet 20 of switch
T1 continues to be operated under control of
relay 27 and interrupter 28; when, after

seventeen additional steps, brush 23 engages

terniinal 10 of its arc a circuit is closed from
ground through the secondary winding of
transformer 53, right outer front contact of
relay 51, brush 33 and terminals 6 and 7,
brush 23 and terminal 10, to the winding of

‘relay 49. Relay 49 is thus operated, at the
.end of the fourth unit period of conversation

to open the connection between stations A
and B. The fourth unit period of conversa-
tion was also exactly three minutes as mea-
sured by the advance of timing switches T1

and T2 subsequent to the fourth revolution .

of metering switch M, so that the total con-
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versation has endured for twelve minutes.
By opening the connection between stations
A and B, relay 49 causes the line-finder,
selector and connector switches to be restored

to normal in the usunal manner; the release

of relay 15 when the holding ground is dis-
connected at repeater R is also effective to

. cause the release of the cut-off relay 3 so that

io
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another call may be originated or an incom-
ing call received over line 1. '

'Ten seconds prior to the operation of relay
49, a tone was connected to one of the talk-
ing conductors to notify the subscribers that
the connection was soon to be opened. The
tone circuit is traced from ground through
the secondary winding of transformer 53,
right outer front contact of relay 51, brush
33 and terminal 6, brush 23 and terminal 5,
through condenser 48 to one of the talking
conductors of trunk T. .

Should the connection be released by the
calling-station prior to its automatic release,
the line-finder, selector and connector
switches are restored to normal in the usual
manner, the release of supervisory relay 50
being immediately effective to cause the re-
lease of relay 51. Relay 51 then closes cir-
cuits, from the windings of magnets 20 and
30 through the off-normal terminals of banks
25 and 26 and 35 and 36 to the interrupter
52, which are effective to alternately operate
and release magnets 20 and 30 until the

brushes of switches T1, and T2 reach their.

normal positions. , :

In the foregoing description it has been as-
sumed that relay 51 was first operated just
prior to the simultaneous-operation of relays
97 and 37, so that both of the switches T1
and T2 were advanced out of their normal
position at the same time. Since the opera-

tion of relay 51 may occur at any time be-

tween successive operations of relay 37, we
will now describe the operation of the timing
and charging switches assuming that relay
51 is operated just alter one of the simultane-

ous operations of relays 27 and 37. With re-

lay 51 operated, switch T1 is advanced eight-
een steps (one step at every two-seconds),
under the control of relay 27 and interrupter
28, the circuit for operating magnet 20 be-
ing traced through brush 81 and terminal 8.
The eighteenth operation of velay 27 occurs
simultaneously with the first operation of

relay 28 so that stepping magnet 30 advances

brushes 81, 33 and 85 to engage terminal 9
of their respective arcs at the same time that
brushes 21, 23 and 25 engage terminal 4 of
their respective arcs. The stepping magnet
20 cannot now reoperate until switch T2 has
been advanced four additional steps (one
step every thirty-six seconds) under the con-
trol of relay 37 and interrupter 38, at the end
of which brushes 32, 34 and 36 are in contact
with terminal 2 of their respective arcs. The
advance of switches T'1 and T2 has thus meas-

Y

5

ured the initial unit period of conversation,
an interval of three minutes plus 0 minus 2
seconds (being equal to the time for the seven-
teen steps of switch T1 plus four steps of
switch T2 plus the time that elapsed between
the operation of relay 51 and the initial step
of switch T1). As soon as brush 34 engages
terminal 2 the circnit is closed for reoperat-
ing magnet 40 of switch M ; and two seconds
later when switch T1 advances another step,
this circuit is opened by brush 21 thus re-
leasing magnet 40 to advance switch M from
its normal position. Switch M now makes
its second revolution to charge the calling
subscriber for the next unit period of con-
versation. ' |
Switch T1is again advanced one step every
two seconds under the control of relay 27 and
interrupter 28. The eighteenth operation of
relay 27 occurs simultaneously with the next
operation of relay 28; so that magnet 30 is
operated to advance brushes 82, 34 and 36
into contact with terminal 3 of their respec-
tive arcs at the same time that magnet 20
is operated to advance brushes 22, 24 and 26
mnto contact with terminal 10 of their respec-
tive arcs. The stepping magnet 20 of switch
T1 cannot.-now reoperate until switch T2 has
been advanced four additional steps (one step
every thirty-six seconds) under the control
of relay 37 and interrupter 88, at the end of
which brushes 32, 34 and 36 are in contact
with terminal 7 of their respective arcs.
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When brush 34 engages terminal 7, magnet 40 . -

of switch M reoperates; and, when switch

'T1 advances another step two seconds later,

magnet 40 releases to advance switch M out
of its normal position. Switch M then makes
a third revolution to charge the calling sub-
scriber for the third three minutes of conver-
sation. - :

Switch T1 is again. advanced eighteen
steps at the end of which brushes 22, 24 and
26 engage téerminal 7 of their respective arcs:
Switch T2 is advanced one step simultane-
ously with the eighteenth step of switch T'1
so that brushes 32, 84 and 36 engage ter-
minal 8. Magnet 20 of switch T1 cannot
now reoperate until switch T2 has been ad-

-vanced four additional steps, at the end of

which brushes 81, 33 and 35 are in contact
with terminal 1 of their respective arcs.
When brush- 33 engages terminal 1, the
fourth revolution of switch M is initiated

by the operation and release of magnet 40,

so that the calling subscriber is charged for
the fourth period of three minutes. _
Switch T1 is again advanced eighteen
steps, at the end of which:brushes 22, 24 and
26 engage terminal 3 of their respective arcs
and switch T2 is advanced one step simul-
taneously with the eighteenth step of switch
T1 so that brushes 31, 33 and 35 are in con-
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tact with terminal 2. Threeadditional steps .

of switch T2 bring brushes 31, 33 and 35
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into contact with terminal 5; whereupon the

aforementioned circuit through brush 33 and-

terminal 5 and terminal 3 and brush 24 is
cffective to immediately advance switch T2
5 an additional step without waiting for the
next operation of relay 87. Switch T1 is
now advanced another eighteen steps so-that
brushes 21, 23 and 25 are in contact with ter-
minal 10, at the end of the twelve minutes of
10 conversation, relay 49 being operated to de-
stroy the connection as hereinbefore de-
scribed. The warning tone was transmitted
when brush 23 was in contact with terminal
5 at ‘the end of the thirteenth of the last
15 cighteen steps of switch T1.
¢ Since relay 51 may be operated at any
“other time between successive operations of
relay 37, the switch T1 may be advanced a
part of its cycle of eighteen steps prior to
20 each advance of switch T2 and the remain-
der subsequent to cach advance of switch
T2. Brush 33 and switch T1 might there-
fore not yet have advanced to position 6 by
the time brush 23 engages terminal §; in
26 which event no warning tone would be given
to the subscriber, if the aforementioned cir-
cuit through brush 24 and terminal 3 of
switch T1 were not provided, to advance
switch T2 independently of interrupter re-
3¢ lay 37. : c
" What is claimed is: :
1. The combination of a plurality of pro-

gressively movable switching mechanisms,
sources of periodic impulses of different

35 characteristics, means associated with each
- of said mechanisms for responding to im-
pulses from a different one of said sources,
and a circuit closed by the cooperation of
said mechanisms in predetermined positions
40 for indicating the termination of specific in-
tervals' of time. '
2. The combination of a plurality of
switching mechanisms, sources of periodic
impulses of different frequencies, means as-
45 sociated with each of said mechanisms for
responding to impulses from a different one
of said sources, means for starting the oper-
ation of said mechanisms, a circuit close({)?by
the cooperation of said mechanisms for indi-
50 cating the termination of an interval of time
whose maximum variation is one cycle of
that one of said sources which transmits im-
pulses at the highest frequency, and circuits
closed by the continued. operation of said
56 mechanisms for indicating the termination
of succeeding predetermined intervals of
time. S
3. Incombination, sources of periodic im-
pulses of different characteristics, a first
80 switching mechanism arranged to respond
to impulses from.one of said impulse sources,
a second :switching mechanism controlled: by
said first mechanism and arranged to respond
.. to impulses from another of said impulse
5 sources, and a circuit closed by the coopera-
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tion of said mechanisms in predetermined
positions for indicating the termination of
specific intervals of time.

4..Tn a telephone system, subscribers’ sta-
tions, means including a trunk circuit for es-
tablishing a connection between a calling
station and a called station, a meter for said
calling station, a plurality of switching
mechanisms associated with said trunk cir-
cuit, sources of periodic impulses of different
frequencies, means associated with each of
said mechanisms for responding to impulses
from a different one of said sources, means
for operating said meter in consequence of
the answer of said called subscribed as a
charge for an initial unit period.of conversa-
tion and for operating said meter for addi-
tional unit periods of conversation, and a
circuit closed by the cooperation of said
switching mechanisms in predetermined po-
sitions for initiating the charging operation
at the beginning of each unit period of con-
versation. )

5. In a telephone system, subscribers’ sta-
tions, means including a trunk circuit for
establishing a connection between a calling
station and a called station, a meter for said
calling station, a plurality of switching .
mechanisms associated with said trunk cir-
cuit, sources of periodic impulses of different
characteristics, means associated with cach
of said mechanisms for responding to im-
pulses from a different one of said sources,
means for operating said meter in conse-
quence of the answer of said called sub-
scriber as a charge for an initial period of
conversation and for operating said meter
for additional unit periods of conversation, a
circuit closed by the cooperation of said
switching mechanisms in -predetermined po-
sitions for initiating the charging operation
at the beginning of each unit period of con-
versation, and means for causing the release
of said connection after a predetermined in-
terval of time has'elapsed. - '

6. In a telephone system, subscribers’ sta- 110
tions, means including a trunk circuit for
establishing a connection between a calling
station and a called station, a supervisory re-
lay arranged to operate in consequence of the -
answer .of said called subscriber, timing
switches for measuring unit periods of con-
versation, sources of periodic impulses of dif-
ferent frequencies. means including one of
said sources and effective in consequence of
the answer of the called subscriber for ad-
vancing one of said timing switches, means
including another of said impulse sources
and effective in predetermined positions of .
said one of said timing switches for.advanc- j95
ing the other of said timing switches, and

»circuits closed by the cooperation of said
timing mechanisms in predetermined posi-
tions for indicating the termination of spe-
cific intervals of time.
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7. In a telephone system, subscribers’ sta-
tions, means including a trunk circuit for
establishing a connection between a calling
station and a called station, a meter for said
calling station, timing switches for measur-
ing unit periods of conversation, sources of
periodic impulses of - different frequencies,
means including one of said sources and ef-
fective in consequence of the answer of the
called subscriber for advancing one of said
timing switches, means including another of
said 1mpulse sources and effective in pre-
determined positions of said one of said tim-
ing switches for advancing the other of said

timing switches, means for operating said

meter as a charge for an initial unit period of
conversation and for operating said meter
for additional unit periods of conversation,
and circuits-closed by the cooperation of said
switching mechanisms in predetermined po-
sitions for initiating the charging operation
at the beginning of each unit period of con-

-.versation.
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8. In a telephone system, subscribers’ sta-
tions, means including a trunk circuit. for es-
tablishing a connection between a calling
station and a called station, a meter for said
calling station, timing switches for measur-
ing unit periods of conversation, sources of
periodic impulses of different frequencies,
means including one of said sources and ef-
fective in consequence of the answer of the
called subscriber for advancing one of said
timing switches, means including another of
said impulse sources and effective in prede-
termined positions of said one of said timing
switches for advancing the other of said tim-
ing switches, means for operating said meter
as a charge for an initial unit period of con-
versation and for operating said meter for
additional unit periods of conversation, cir-
cuits closed by the cooperation of said switch-
ing mechanisms in predetermined positions
for initiating the charging operation at. the
beginning of each unit period of conversa-
tion, ‘and means for causing the release
of said connection after a predetermined in-
terval of time has elapsed. o ,

9. In a telephone system, subscribers’ sta-
tions, meansincluding a trunk circuit for es-
tablishing a connection between a calling sta-
tion and a called station, a meter for said
calling station, sources of periodic impulses
of different frequencies, switching mecha-
nisms each arranged to respond to impulses
from a different one of said sources for meas-"

- uring unit periods of conversation, a super-

86

visory relay effective in consequence of the
answer of said called station to initiate the
operation of said switching mechanisms, and
means initially rendered effective in the nor-
mal positions of said switching mechanisms

| ' in consequence of the operation of said relay

65

for operating said meter and subsequently
rendered effective at predetermined intervals

7

by the cooperation of said switching mecha-
nisms for repeating the operation of said
meter.

10. In a telephone system, subscribers’ sta-
tions, means including a trunk circuit for es-
tablishing a connection between a calling sta-
tion and a called station, a meter for said

a0

calling station, means including a switch for -

variably operating said meter according to
the zone within which the called station is
located, a supervisory relay for operation in
consequence of the answer of said called sub-
scriber, switching mechanisms for measuring
predetermined intervals of time, sources of
periodic impulses of different frequencies,
means for advancing one of said switching
mechanisms in response to impulses from one
of said sources, means effective in certain pre-
determined positions of said switching mech-
anism for advancing the other of said switch-
ing mechanisms in response to impulses from
another of said sources, means including said
relay for advancing said switch in conse-
quence of the answer of said called sub-
scriber to charge the calling subscriber for

an initial unit period of conversation, and"

means effective at predetermined intervals by

the cooperation of said switching mecha-

nisms to initiate additional operations of
said switch as a charge for additional periods
of conversation. '

11. In a telephone system, subscribers’ sta-
tions, means including a trunk circuit for es-
tablishing a connection between a calling sta-
tion and a called station, a meter for said
calling station, a switch for closing the op-
erating circuit of said meter one or more
times per cycle of operation, timing switches
for measuring unit periods of conversation,
sources of periodic impulses of different fre-
quencies, means including one of said sources
and effective in consequence of the answer of

{:]
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the called subscriber for advancing one of -

said timing switches, means including an-
other of said impulse sourcés and effective in
predetermined positions of said one of said
timing switches for advancing the other of

said timing switches, a circuit closed through-

the normal positions of said timing switches
for initiating the advance of said metering
switch to operate said meter for the initial
period of conversation, and circuits closed in
predetermined positions of said timing
switches to initiate repeated cycles of said
measuring switch. ‘ '

12. In a telephone system, subscribers’ sta-
tions, means including a trunk circnit for es-
tablishing a connection between g calling sta-
tion and -a called station, a meter for said
calling station, timing switches for measur-
ing unit periods of conversation, sources of
impulses of different frequencies, means in-
cluding one of said sources and effective in
consequence of the answer of the called sub-
scriber for advancing one of said timing
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switches, means including another of said.
impulse sources and effective in predeter-
mined positions of said one of said timing
switches for advancing the other of said tim-
ing switches, circuits closed by the coopera-
tion of said switching mechanisms in prede-
termined positions for initiating the charg-
ing operation at the beginning of each unit
period of conversation, and means effective
in predetermined positions of said timing
switches for transmitting a tone to said call-
ing station. , ' o
18. In a telephone system, subscribers’ sta-
tions, means including a trunk circuit for es-
tablishing a connection between a calling sta-
tion and a called station, & meter for said call-

ing station, timing switches for measuring

unit periods of conversation, sources of im-
pulses of different frequencies, means includ-
ing one of said sources and effective in conse-
quence of the answer of the called subscriber
for advancing one of said timning switches,
means including another of said impulse
sources and effective in predetermined posi-
tions of said one of said timing switches for
advancing the other of said timing switches,
circuits closed by the cooperation of said
switching mechanisms in predetermined po-

-sitions for initiating the charging operation

at the beginning of each unit period of con-
versation, means effective in predetermined
positions of said timing switches for trans-
mitting a tone to said calling station, and
means effective in predetermined positions of
said timing switches for causing the release
of said connection,

In witness whereof, we hereunto subscribe
our names this 22nd day of January, 1931,
and on the 2nd day of February, 1931.

WILLIAM HATTON.
KAREL MARCEL SANO.



