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1

This invention relates to telephone systems and
barticularly to systems comprising dial impulse
controlled automatic switches for completing
connections between calling and called sub-
scribers’ stations.

Objects of this invention are the improvement
of service observing equipment in automatic tele-
phone systems, the provision of more reliable
means for service observing and prevention of
false operations of the numbeyr recorder.

This invention is a service observing circuit
arrangement for an automatic telephone system;
which arrangement, according to one feature of
the invention, comprises means including im-
pulse counting relays for varying the capability
of the impulse receiving means according to the
character of the selector or register to which the
impulses are being transmitted.

Another feature of the invention is the provi-
sion of means for preventing false operation of
the impulse recorder in a service observing eguip-
ment when, during establishment of a desired
connection on a call initiated over the subscrib-
er’s line to which the service observing equipment
is connected, the connection is extended from one
switch to the next.

A better understanding of the invention will he
facilitated by describing a telephone system in
which the invention is embodied, one such system
being shown in the drawing which forms a part
of this specification. The invention is, however,
not limited in its application to the specific sys-
tem shown but is generally applicable to auto-
matic telephone systems.

Referring to the drawing:

Fig, 1 represents a telephone system compris-
ing a private branch exchange and a central
office; and

Figs. 2 and 3 represent service observing equip-
ment, in the private branch exchange, embody-
ing applicant’s invention.

- The private branch exchange is represented in
Fig. 1 by a subscriber’s station A, line I and
line circuit LCI, 3 line finder LP{ and connector
Ci having access to the line L, a first selector
St, another connector C2, a subscriber’s station
B connected by a line L2 to terminals in the bank
of connector C2, and a trunk circuit TC{ indi-
vidual fo a trunk Ti extending to the central

office. The central office is represented by a line &

finder, a district selector, a register sender, a final
selector and a subscriber’s line 1.3 and station D.

The subseribers’ stations A, B and D are of
the usual type provided in automatic telephone
systems, a dial or other impulse sending. device

ot

10

. hectors,

15

20

25

40

45

55

(CL 179—-175.2)

2

being provided at each station for controlling
the switches through which connections are
established. The line finder, selector and con-
nector switches in the private branch exchange
are of the well-known two-motion step-by-step
type. Reference may be had to pages 53 to 65,
inclusive, of the second edition of “Autcmatic
Telephony,” by Smith and Campbell, for a de-
tailed description of the structure and operation
of such switches when used as selectors and con-
Reference may be had to the patent to
R, L. Stokely No. 1,799,654, dated April 7, 1931,
for a description of the operation of step-by-step
line finders. The switches in the central office
are of the panel type arranged for revertive con-
trol:. Reference may be had to the patent to
Stearn and Scudder No. 1,395,977, dated Novem-
ber 1, 1921, for a detailed description of the oper-
ation of a register sender and the operations of
district and final selectors of the panel type.
Each of the line finder, selector and connector
switches is represented by a set of brushes and
either one or two sets of terminals, only so much
of the associated apparatus being shown as is
required for a full and complete description of
applicant’s invention. The line finder LFI s
represented by brushes 21, 22 and 23 and a set of
terminals {7 to which the line Li is connected.
The connector Cl is represented by a set of
brushes and a terminal set 8, to which the line
L{ is connected. The selector SI is represented
by brushes 31, 32 and 33 and two sets of terminals
40 and 60; the set of terminals 48 represents a
level in the bank of selector Sf giving access to
connectors, the terminal set 40 being connected
to the connector C2; and the set of terminals 60
represents a level in the bank of selector Si giv-
ing access to trunks to the central office;, the
terminal set 60 being connected to trunk circuit
TCi. The connector C2 is represented by
brushes 47, 48 and 49 and a set of terminals 50
to which the line L2 is connected,

The service cbserving equipment shown- in
Figs. 2 and 3 is connected by means of a service
observing cord SOC and jack OJ! with any sub-
scriber’s line on which it is desired to observe.
The jack OJ| is shown directly connected by con-
ductors {1, i12 and {{3 to the line circuit LCI
of the subscriber station A; but this connection
may be made in the manner described in the
patent to J. W, Gooderham, No. 1,504,230, dated
August 12, 1924. The service -cbserving equip-
ment includes key and telephone equipment for
a monitoring operator and time and pulse record-
ing equipment comprising a pen register mech-
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anism for recording the dial impulses created by
the operation of the dial at the station which is
under observation on calls initiated at this sta-
tion, and an electrically controlled time stamp
for recording the time at which a call is initiated
and the time the call is terminated. The pen
register mechanism’ comprises " two -electromag-
nets 102 and 193 the operation of each of which
is effective to advance and mark the tape. The
operation of electromagnet
of each call provides a space between calls and
makes sure that the time stamp will not register
twice in the same place., The time stamp is rep-
resented by the operating electromagnet : 100.
The time and pulse recording equipment further

102 at the beginning:.

10

comprises a sleeve relay (18, a line relay 120, -

auxiliary relays 121, 122, 124, 125 and {26, therm-~
ionic valves 140, 143, 150 and 153, impulse relays
{48 and 154, auxiliary relays 163, 165, 170 to (11,
inclusive, impulse counting relays 181 to 186, in-
clusive, and auxiliary relays 190 and 191, A key
{55 is provided for controlling the filament and
-anode-cathode “voltages of valves 148, 143, 150
ana {53.
‘Assume now that the subscriber at station A
initiates a call by removing the receiver from
the -receiver hook thereby closing a circuit for
operating the line relay i5. 'The operation of
relay (5 connects the winding of relay {6, through
conductor 14, to the test terminal of the line Li
in-the banks of a -group of line finder switches
including the switch LF{. The operation of relay
{5 also connects -ground to the start lead ST
thereby effecting the starting of an idle line finder
in the group having access to the line L{ in the
manney set forth in the aforementioned patent to
R.-L. Stokely. . Assuming the finder LFI to be
the -one started in search of the calling line,
ground: is temporarily connected through. con-
ductor 24, to the -test brush 23 of line finder
LFi; and, when the brushes 21, 22 and 23 engage
the terminal {7 connected to the line Id, a circuit
is.closed for operating the cut-off relay 16. The
closure ' of -this -circuit is effective to stop the
operation of the line finder with the brushes 21,
22 and 23 in engagement with the terminals 17
_thereby-completing a circuit for operating the line
-relay 35 of the first selector Si. The operation
of:relay. 85 closes a circuit for operating the slow-
to-release relay 36 whereby ground. is connected
to sleeve conductor 26 to hold the line finder op-
erated and to hold the cut-off relay i6 after the
ground temporarily connected to conductor-24 of
the- line. finder is. disconnected therefrom. The
line relay |5 releases after the cut-off relay 16
operates thereby. disconnecting ground from the
start lead ST. When the calling subscriber dials
the first digit of the number of the subscriber’s
station. with which connection is desired, the
line relay -35 ‘is alternately released and reop-
erated thereby advancing the brushes 31, 32 and
33 .to. the corresponding level of the terminal
bank. -Selection of -an idle set. of terminals in
the selected level and operation of the cut-through
relay. 34 are completed in usual and ‘well-known
manner, the connection from the calling lirie be-
ing thereby extended through brushes 2| and 22,
through front contacts of relay 34 and brushes
31 and 382, to the trunk, intermediate selector or
connector connected to the terminals engaged by
the brushes.
"If the call is a local call and there are no in-
termediate selectors, the calling line is extended

through.brushes 31, 32 and 33 to conductors a1,

42 snd 43 of the connector C2. 'The line relay 45
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of the connector is thereupon operated in series
with the conductors of the calling line, thereby
closing a circuit for operating the slow-to-release
relay 46. Relay 46 connects ground through
sleeve conductor 43, brush 33 of selector Si and
a front contact of relay 34 of selector S1 to the
sleeve conductor 25 to hold the relay 34 operated
and to-hold the line findér and cut-off relay 16
all in usual manner. The aforementioned op-
eration of relay 34 disconnects the line relay 35
thereby causing the successive release of relays
25 -and 36 When the calling subscriber dials
the last-two digits of the called subscriber’s num-
ber, the connector is operated under the control

-of the line relay 45 to select the terminals 50

connecting to the called line L2 and called sub-
seriber’s station B. When the called subscriber
answers, relay 44 is operated in usual manner
to reverse the connection between the windings

of line relay 45 and conductors 41 and 42 thereby

to efféct any desived supervisory or charging
operation as is well known in the art. When the
connection is released at the called station, relay
44 releases t0 restore the normal connection be-
tween the windings of line relay 45 and conduc-
tors 41 and 42. When the calling subscriber
releases, relays &5 and 46 release in succession
and the connector C2 is restored to normal in
tisual manner. The release of relay 46 discon-
nects ground from conductor 43 thereby causing
the release of selector Si, the release of line
fAinder LFI and the release of the cut-off relay i6.

If the call is one completed through the cen-
tral office the digit dialed by the calling sub-
seriber ‘effects the operation of the selector si
to select & level in which the terminals are con-
nected’ to trunks to the central office, one such
trunk TI being shown connected through trunk
circuit TCH to the set of terminals 68. The trunk
circuit- TG may be similar to-the trunk circuit
T2 disclosed in the patent to H. Hovland No.
2,247,055, -dated June 24, 1941 Upon selection

‘of ‘the trunk circuit TCI, ground is connected to

the sleeve conductor 63 to hold selector Si and

‘lide finder LFI and ‘a calling condition is estab-

lished over trunk Ti whereby a line finder in the
central office is operated to connect with the trunk
Tt theréby to effect the extension of the con-
nection from the calling subscriber’s line in the
private -branch exchange to a district selector
and to an idle register sender in the central office.
The -impulse relay 88 in the register sender is
operatively responsive to the impulses created by
the dialing of the succeeding digits of the called
subscriber’s number, and these digits are thereby
registered in the ‘register sender. The district
selector and succeeding-selectors including a final
selector are operated under control of the sender

fo-extend the connection to 2 called subscriber’s

line L3 and station D.

Assume now that key 155 is operated to pre-
pare the time and impulse recorder for opera-
tion and that there is no call in progress over the
-connected subscriber’s line. The operation of

“key' 155 connects ground to conductor 158 to
‘energize the filaments of valves 140, 143, 150 and

153 and completes a circuit through potentiom-
eter resistors 156; 157 and 158 to supply the de-
sired anode-cathode ‘and control grid voltages.
‘Since the cathode of valve 140 is connected to
ground and the control grid of valve 140 is con-
nected through resistors 131 and 130 to negative
battéry, the control grid is negative with re-
spect to.the cathode and there is no current-in
the anode-cathode ‘circuit of valve 140-and there-




2,419,958

5

fore no voitage drop through resistor 142, With
no voltage drop through resistor 142, the control
grid of valve 143 is positive with respect to the
cathode due to the voltage drop through resistor
187; and therefore the winding of relay 144 is
operatively energized by the current in the an-
ode-cathode circuit of valve 143. With relay
144 operated, conductor 136 is disconnected from
negative battery through resistor {45. Since both
the control grid of valve 150 and the cathode are
at ground potential, there is current-in the an-
ode-cathode circuit of valve [58; and the voltage
drop through resistor 52 in the anode-cathode
circuit of valve 158 is sufficient to make the con-
trol grid of valve 153 negative with respect to the
cathode, so that there is no current in the anode-
cathode circuit of valve {53.

The winding of relay 120 is normally connected
between battery at the upper back contact of
relay 118 and the ring conductor of the plug of
service observing cord SOC; so that, when this
plug is inserted in jack OJ! the winding of line
relay {20 is connected to the ring conductor 2
of line L in parallel with the lower winding of
the line relay 15 of line circuit LCI{. When the
subscriber at station A removes the receiver to
initiate a call, relays 45 and 128 are both opera-
tively energized. Relay 120 closes a circuit for
operating relay i21. The operation of relay i21
connects the ring conductor i8 of cord SOC to
battery through resistor {38 in parallel with the
winding of relay 128; and the control grid of
valve 140 continues to be negative with respect
to the cathode. The operation of relay 12f con-
nects the control grid of valve 159 to the tip con-
ductor ii of line L, this connection being traced
through resistor {34, inner left front contact of
relay 121, tip conductor 1{5 of cord SOC, tip
conductor of jack OJ! and conductor {{{, The
control grid of valve 150 is thus rendered nega-
tive with respect to the cathode, the difference in
potential being equal to the voltage drop in the
upper winding of relay 5. The current in the
anode-cathode circuit of valve {58 is thereby
ended and the control grid of valve {53 becomes
positive with respect to the cathode; whereupon
relay 134 is operatively energized by current in
the anode-cathode circuit of valve (53. Relay
154 closes a circuit for operating relay 163, relay
1863 being a slow-to-release relay which remains
operated during the response of relay {54 to dial
impulses as hereinafter described.

When the line finder LF{ connects o the line
L, the connection of ground to conductor 14
effects the operation of cut-off relay 16 and the
operation of sleeve relay 114 of the service ob-
serving cord. Relay 16 causes the release of
line relay 15 and also causes the release of relay
128 in case the operation of relay 1§ occurs be-
fore the line is connected through the line finder
to the line relay 35 of the selector Si. The op-
eration oi relay !6 also extends the ground
from conductor i4, through conductor {3, to
maintain the operation of sleeve relay {4 after
the line relay {5 releases. Relay {4 closes a cir-
cuit for operating relay {18; and relay 118 con-
nects battery to conductor {17 to light the lamp
L at the service observing operator’s position to
indicate that a call is in progress over the line
which is connected to the service observing cord
SOC. If relay 120 releases prior to the opera-
tion of relay !18, relay {21 is held operated and
relay 122 is operated by current in a circuit traced
from battery through the windings of relay f21i
and {22 in series, 5 back contact of relay 125 and
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the outer right front contact of relay 12i. The
operation of relay 18 disconnects battery from
the winding of relay 120 to cause the release of
relay 120 if not previously released- as herein-
before described. The operation of relay {18

connects hattery to conductor 186 and closes an-

other circuit for operatively energizing the wind-
ings of relays 121 and (22, this circuit being
traced from ground at the outer right front con-
tact of relay i2{, through conductor § 19, and a
front contact of relay 118. The operation of relay
122 closes a circuit through the outer left front
contact of relay 121, front contact of relay 122,
outer lower back contact of relay {26, outer right
back contact of relay 125, and the winding of
relay 124. Relay 124 operates, closing a circuit
for operating the time stamp electromagnet 100
and closing a circuit for operating the pen register
electromagnet 102. The operation of relay 124
also closes a circuit for operating relay 25, this
circuit being traced from battery through the
winding of relay 128, right front contact of relay
{24, inner lower back contact of relay 126, front
contact of relay 122 and outer left front contact
of relay 12{. Relay 125 locks to the same ground
independent of relay {24 and causes the release of
reiay £24, The release of relay £24 opens the cir-
cuits for operating the time stamp electromagnet
180 and the pen register electromagnet 132, :
When the line conduetors 11 and 12 are con-
nected through brushes 21 and 22 of line finder
L¥2, to the windings of line relay 25 of selector
Sf, the control grid of valve 50 continues to be
negative with respect to its cathode due to the
voltage drop through the upper winding of relay
35; and the control grid of valve {40 continues
to be negative with respect to its cathode due
to the voltage drop in the upper winding of
relay 3% and the voltage drop in the station loop.
When the calling subscriber dials the first digit

- of the called number, the line relay 35 is alter-

nately released and reoperated to selectively con-
trol the operation of the selector. The control
grid of tube {40 remains negative during dialing;
but each time the dial opens the operating circuit
of relay 85, the potential of the control grid of
tube 150 is changed to ground potential since
there is no longer any voltage drop in the upper
winding of relay 85. . Each time the control grid
is at ground potential the current in the anode-
cathode circuit of tube 153 causes a voltage drop
through resistor 152 which makes the control grid
of tube {83 sufficiently negative with respect to its
cathode to stop the current in the anode-cathode
circuit and thereby cause the release of relay
{84. Each time the dial recloses the circuit for
operating relay 35, the control grid of tube 150
is rendered negative with respect to its cathode,
the potential of the control grid of tube 153 is
again rendered positive with respect to its cath-
ode, and relay 154 reoperates. The release of
relay 154 closes a circuit for operating relay 185,
this circuit being traced from battery through
the inner upper front contact of relay {i 8, con-
ductor 186, winding of relay 165, Jower back con-
tact of relay {79, lower front contact of relay
163, and conductor 161 to ground at the back
contact of relay i154. Relay 165 locks under con-
trol of relay (70, closes a circuit for operating
relay 173, closes a circuit for operating the pen
register electromagnet 102, closes g circuit for
maintaining the operation of relay {563, and closes
a circuit for operating relay 178. Relay (13
closes a circuit for operating relay 174; and the
operation of relay 174 releases pen register elec~
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tromagnet 162. Relay 110 locks toground at the
outer lower front contact of relay 165 and .also
through the lower front contact-of relay 163 and
back contact of relay-154.  The operation of relay
170 causes the release of relay -165-and causes
the operation of relay 17 in a circuit which
includes the back contact of relay 172. Relay 111
locks under control of relay 172, closes a circuit
for operating relay $12, closes a circuit for hold-
ing relay I3 operated, closes a circuit through
conductor 184 for operating-the pen register elec-
tromagnet 193, and closes a circuit from ground
through a front contact of relay {63, back con-
tacts of relays 180 and 18(, conductor 186, middle
upper front contact of relay 171, and upper back
contact of relay 177 for operating relay 175.
The release of relay 185 opens the operating cir-
cuit of relay 173 and opens the holding eircuit
of relay 163. Relay §72-locks under the separate
control of each of relays 1Tf and 170; and the
operation of relay 112 causes the release of relay
1Tl. The release of relay {11 opens the holding
circuit for relay 1713, releases the pen register
electromagnet 103, and renders effective a circuit
for holding relay 115 operated and for operating
relay 171. The last-mentioned circuit is traced
from battery through the winding of relay i75,
lower winding of relay 111, back contact of relay
176, upper front contact of relay 115, conductor
180, back contacts of relays 180 and 191, to
ground at the upper front contact of relay 163,
The operation of relay . 171 connects grounded
conductor 188 to conductor 179 to effect opera-
tion of the counting relay 181.
through its upper winding, back contacts of relays
i82, £33, 184 and 183, conductor 188, back con-
tacts of relays (80 and 191, to ground at the
upper front contact of relay 163. When relay
154 reoperates at the end of the first dial impulse,
relay 110 releases; and the release of relay 110
causes the release of relay 72.. The release of
relay 154, responsive to a second dial impulse in
the train corresponding to the first digit dialed,
causes relays 165, 170, 171 and 172 to function
in similar manner to that aliove described. The
operation cf relay 171 responsive to a second dial
impulse closes a circuit from battery through the
upper winding of relay 1716, upper winding and
front contact of relay 111, middle upper froni
contact of relay ¢11, conductor 188, back contacts
of relays (89 and 191 to ground at the upper front
contact of relay 163. Relay {16 opens the circuit
through the winding of relay 1715 and lower wind-
ing of relay {71, and locks through its lower
winding until relay 175 releases. . When relay 171
again releases responsive to the reoperation of
relay 154 at the end of the second dial impulse,
relays 176 and 171 release’ thereby connecting
conductor {85 to conductor 178 to operate count-
ing relay 162, Thus relays 175, 176 and {17 are
operated under the control of relay {71 to connect

ground to conductor 79 responsive to each odd

numbered dial impulse in a train and to connect
ground to conductor 18 responsive to each ‘even
nunibered dial impulsé in a train, The counting
relays are thereby operated in succession to indi-
cate the digit dialed. The operation- of each of
relays {82, 183, (84 and (85 effects the release of
the preceding counting relay and prepares an
operating circuit for thé succeediiig counting re-
lay. Relay 185 operates responsive to a sixth
impulse. but does not cause the rélease of relay
{85, Relay 185 locks over conductor (23 under
the control of relays-122-and 121 and prepares
for the recperation of-ielay 181 A'seventh im-

Relay 181 locks
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8
pulse reoperates relay 181 and causes the release
of relay 185. Relays- {82, 183 and 184 are suc-
cessively reoperated by -eighth, ninth and tenth
impulses, respectively. Each operation of relay
1711 closes the circuit for operating the pen regis-
ter electromagnet 103 so as to. mark the pen
register tape for each impulse. The electromag-
net 102 is-operated at the beginning of each digit
slightly in advance of the operation of electro-
magnet 103 so as to insure a full length mark for
the first impulse and to separate the markings for

each train of dial impulses. If the tape is not

already in motion when the electromagnet 103 is
operated responsive to the first dial impulse, the
impulse mark may be too short for positive iden-
tification due to the inertia of the pen register
mechanism. Relays ITi and 172 provide a timed
closure for pen register electromagnet 103.
Being slow to release, relays 173 and 174 remain
operated under control of relays 165 and 171
during response to each train of dial impulses.
Tf the dial impulses are short so that relay 154
reoperates as soon as relay (65 operates, relay
116 is not locked under control of relay {54; and
relay- 110 releases as soon as relay 185 releases.
Tn order to hold relay (10 operated long enough
to effect the operation of relay 171, relay 165 is

rendered slightly slow to release by connecting

the non-inductive resistor 167 in parallel with
the winding of relay i65.

When relay 34 of the selector Si operates to
transfer the line Lt from the windings of relay
35 to the line relay of the next switch of the train,
battery through the lower winding of relay 35
may be disconnected from the ring conductor of
line Li before ground through the upper winding
of relay 35 is disconnected from the tip conductor
of the line; and the control grid of valve (50 will
be connected to ground through the upper wind-
ing of relay 35 while the negative battery through
the lower winding is disconnected, Current in
the anode-cathode circuit of valve (50 then ef-
fects a voltage drop through resistor 52 which
renders the control grid of tube 153 negative with
respect to the cathode of tube 153, and relay 154
may start to release; but valves 140 and (43 op-
erate to prevent an impulse registration. Since at
the time relay 34 is operating, the control grid
of valve 140 is connected through the station loop
and the upper winding of relay 35 to ground, the
grid is rendered positive with respect to its cath-~
ode; and the current in the anode-cathode cir-
cuit of valve 140 effects a voltage drop through
resistor 142 which renders the control grid of
valve 143 positive with respect to its cathode,
causing the release of relay (44, Since the ca-
pacity of condenser 132 is less.than that of con-
denser 135, valves 140 and 143 respond .to the
operation of relay 34 slightly in advance of the
response of valves 150" and 153. Consequently
the release of relay 144 connects negative battery
through resistor 145, the back contact of relay
{44, and conductor 136 to the control grid of valve
150 to block valve 150; and before relay 165 can
operate, relay 154 is reoperatéd by current in the
anode-cathode  circuit of valve 153, Thus the
momentary release of relay 144 prevents the reg-
istration of ‘an impulse when the connection is
switched from one selector to the next.

The control grid of valve 150 is normally con-
nected to ground through condensers (35 and 131
in ‘parallel, the capacitance thus conhecfed bé-
tween the control grid of valve 150 and ground
being-such as to enable satisfactory operation. of
valve 150 responsive to-dial impulses transmitted
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to the line relays of step-by-step selectors or con-
nectors; but when the call is one completed over
& trunk to the central office and the dial im-
bulses are being transmitted to the line relay 80 of
the connected register sender; and the character-
istics of this line relay are such as to require a
smaller capacitance to enable satisfactory opera-
tion of valve {58 than is required when the dial
impulses are being transmitted to the line relay
of a step-by-step selector or comnector. The
counting relays are provided to count the im-
bulses created by the dialing of the first digit;
and, if the central office code gigit “9” is dialed
to operate selector Si to select the level giving
access to trunks to the central office, counting re~
lays 183 and 186 will also be operated responsive
to the dial impulses. When relay 713 releases,
at the end of the train, a circuit is closed for op-
erating relay 190 before relay 114 releases; this

circuit is traced from the winding of relay 190, _
inner upper front contact of relay 183, outer lower °

front contact of relay 188, front contact of relay
114, back contact of relay 1183, conductor 123,
front contact of relay 122, and front contact of
relay 121 to ground. The release of relay 174
opens this circuit but relay 198 locks under con-
trol of relay 185 to the same ground. The opera-
tion of relay 190 disconnects ground from con-
ductor 180 to release the counting relays which
are operated, and disconnects ground from con-
ductor 138 so that condenser 135 alone connects
the control grid of valve 156 to ground. Valve 150
will then respond satisfactorily when the succeed-
ing trains of dial impulses are transmitted to the
impulse relay 88 of the register sender in the cen-
tral office. Relays 186 and 190 remain operated

so that the counting relays are not operated re-

sponsive to the succeeding trains of impulses.

If the first digit dialed is any other than the
digits 1 or 9, the release of relay 113 at the end
of the last impulse of the train closes a circuit for
operating relay 19!, When relay 174 releases, the
circuit for operating relay 181 is opened; but re-
lay 181 is locked through conductor {23 until the
calling subscriber releases the connection. The
operation of relay 191 prevents the operation of
the counting relays responsive to the succeeding
digits dialed at the subscriber’s station. If a pre-
liminary impulse is created prior to connection of
the line LI to a first selector, relay 154 releases
and reoperates; but relay 165 is not operated be-
cause battery is not connected to the winding of
relay 165 until relay !i8 has operated. If the
first digit dialed is the digit 1, or a preliminary
Impulse is created after the operation of relay 118,
relay 165 will operate and the counting relay 181
will be operated. When relay {13 releases at the
end of this impulse, relay 190 is operated thereby

causing the release of relays | 15, 117 ang- 181.

The release of relay 18! causes the release of re-
lay 190 since the locking path of relay 190 in-
cludes a front contact of relay 186. The counting
relays are now ready to respond to the impulses
created by the dialing of g first digit other than
the digit “1.”

When the call initiated at station A is ended
by restoring the telephone to normal, the
switches are restored to normal and the discon-
nection of ground from conductor 14 causes the
successive release of relays {i4 and 118. The
release of relay (I8 extinguishes the lamp L at
the service observing position, and causes the
release of relays {2f and 122. The release of
relay 121 closes g circuit for operating relay 126,
disconnects the control grids of valves 148 and
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150 from the conductors of line L, causes the
release of any of relays 186, 190 and 181 which
may be operated, and opens the locking circuit
of relay 125. The operation of relay (26 closes
another locking cireuit for relay 125 and closes
a circuit for operating relay 124. Relay 124 op-
erates the time stamp magnet {88, operates pen
register magnet 102 and causes the release of
relay {25. The release of relay 125 causes the
release of relays 124 and {26. The release of

" relay 124 releases electromagnets 180 and 102;

and the release of relay 126 prepares the time
and impulse recorder for the next call. If relay
121 is reoperated by the initiation of a new call
before relays 124 and 125 have completed their

- operations, relay 126 is held operated under con-

trol of relay 25 so that the time stamp is oper-
ated only once. In this case, relay 126 closes a
temporary circuit through its inner lower front
contact for holding relays 121 and 122 operated
until relay 1i8 is operated.

If the line Ll is seized by a connector Ci on an
incoming call, the ground connected through the
sleeve brush to conductor 13 to. effect the opera-
tion of cut-off relay 16 also causes the successive
operation of relays 114 and 118. Relay 118 lights
lamp L at the observing operator’s position and
opens the circuit for operating relay §20 before
relay 120 can be operated. When such a connec-
tion is released, the disconnection of ground from

© conductor {3 causes the successive release of re-
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lays 114 and 118 to extinguish the lamp L.

It is of course obvious that the.central office
code may be a digit other than “9” and that the
central office code may consist of more than one
digit. In any case, the arrangement would be
such as to effect the change in grid capacity at
the end of the central office code. I

What is claimed is:

1. In a service observing equipment connected
to a subscriber’s line and comprising impulse re-
sponsive means and means for recording dial im-~
pulses transmitted over said line, meang for
counting the impulses of a train of impulses
transmitted over said line, means for preventing
the response of said impulse counting means to
succeeding trains of impulses, and means ren-
dered effective by said counting means in the
event said train of impulses consists of a partic-
ular number of impulses to vary the capability of
the impulse responsive means.

2. In an impulse controlled switching - system,
a line, means for transmitting trains of current
impulses over said line, switching means selec-
tively controlled by said trains of impulses, im-
pulse responsive means connected to said line,
means controlled by said impulse responsive-
means for counting the impulses of a train trans-
mitted over said line to said switching means,
means effective only if said train consists of g
barticular number of impulses to vary the capa-
bility of said impulse responsive means, and
means for preventing the operation of said count-
ing means responsive to trains of impulses fol-
lowing said train.

3. In a communication system comprising sub-
scribers’ stations and lines, impulse transmitting
means at each station and impulse controlled
switching means for establishing connections
between lines, means connected to one of said
lines for responding to trains of impulses trans-
mitted over said one line to said switching means,
means controlled by said impulse responsive
means for counting the impulses in a train trans-
mitted over said line, means for preventing the
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counting of the impulses of trains following said
frain, and means. effective only if said train con-
sists of a particular number of impulses to change
the. capability of said ithpulse Tesponsive megans.
4. In a communication system comprising a
subscriber’s station and line, impulse transmit-
ting means at said station, impulse responsive
means of a first character, impulse responsive
means of a second character, means . including
a. selector connected to said line and responsive
to impulses transmitted from said station over
said line for extending the connection from said
line to said impulse responsive means of said first
character or to said impulse responsive means of
said second. character, other impulse responsive
means connected’ to said line, and means con-
trolled by said other impulse responsive means
for changing the capability of said other impulse
responsive means upon extension of the connec-
tion from said line to said impulse responsive

means of & second character but not upon exten-

sion of the connection from said line to said
impulse responsive.means of a first character.

5. In a communication system comprising  a
subscriber’s station and line, jmpulse transmit-
ting means at said station, impulse responsive
means of a first character, impulse responsive
means. of a.second character, means including a
selector connected. to said line and responsive to
g, first train of impulses transmitted from said
station over said line for extending the connec-
tion from said line to said impulse responsive
means of said first character or to said impulse
responsive means of said second character de-
pending upon the number of impulses in said first
train, other impulse responsive means connected
to said line, and means including impulse count-
ing means controlled by said other impulse re-
sponsive means for changing the capability of
said other impulse Tesponsive means upon €X-
tension of the connection from said line to said
impulse responsive means of a second character
but not upon extension of the connection from
said line to said impulse responsive’ means of
a first character. ’ )
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6. ITn a communication system comprising a

subscriber’s station and line, impulse: transmit-
ting means at said station, a first impulse re-
sponsive means, a second impulse responsive
means, & third impulse responsive means, 2
fourth impulse responsive means, said first and
second impulse responsive means being of a first
character, said third impulse responsive means
being of a second’ character, means connecting
gaid first impulse responsive means to said line,
means including- & selector controlled by said
first impulse responsive means for extending the
connection from said line to said second impulse
responsive means or to said third impulse re-
sponsive means depending upcn the number of
jmpulses in a train transmitted from said station
over said line, means connecting said fourth im-
pulse  responsive - means to said line, and means
including impulse counting means controlled by
said fourth impulse responsive ‘means for chang-
ing the capability of said fourth impulse respon-
sive - means. upon extension of the connection
from- sgid line to said’ third impulse responsive
means but not upon extension of the connection
from-said line to said second impulse responsive
means.

7. Ina switching system, a line, a station com-
prising- impulse transmitting means connected
to- said line, a first selector, means connecting
said first selector to-said line; impulse:responsive
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means in- sald selector controlled over said line
by the impulse transmitting means at said sta-
tion, other selectors each having impulse- respon-
sive means similar- to the impulse responsive
means of said first: selector, said other selectors
conneeted to terminals in ohe or more levels of
the bank of said first selector, a group of trunks
connected to the terminals in another level of
the bank of said selector, register senders-each
including impulse responsive means of & char-
acter different’ from the impulse responsive
means of said first selector, means in said first
selector controlled by the impulse 'responsive
means therein for selecting an idle -one of: said
other selectors or an idle:one of said trunks de-
pending upon the number of impulses in a train
transmitted over said line from said station to
said selector, means responsive to the selection
of one of said trunks for extending the connec-
tion of said line over said one trunk to the: im-
pulse responsive means: of an idle one of said
register senders, other impulse résponsive means
connected to said Iine for response to all of the
trains of impulses transmitted over said line,
means controlled by said other impulse responsive
means for changing the capability of said other
impulse receiving means in the event said im-
pulses effect the selection. of one of said trunks
by said first selector.

8. In a switching system, a line, a station
comprising impulse transpritting means con-
nected to said line, a first gelector, means con-
necting said first selector to said line, impulse
responsive means in: said selector controlled over
said line by the impulse: transmitting means at
said station, other selectors esch having impulse
responsive means similar fo the: impulse respon-
cive means of said first selector, said other se-
lectors connected to terminals in one or more
levels of the bank- of said first selectcr, a group
of trumks connected to the terminals: in: another
level of the bank of said selector, register senders
each including impulse responsive: means of a
charscter different from the impulse responsive
means of said first selector, means in said first
selector controlled by the impulse responsive
means therein for selecting an idle one of said
other selectors-or an idle one of said trunks de-
pending upon the number of impulses: in ' train
transmitted over said line from said station to
said’ selectors, means responsive to the selection
of one of said trunks for extending the connec-
tion of said line over said one trunk to the im-
pulse: responsive means of an idle- one of said
register senders, other impulse responsive means
connected to said’ line for response to all of the
trains of impulses: transmitted over said line,
means controlled by said other impulse respon-
sive means for counting the impulses which effect
the operation -of said first selector to select one
of said other selectors or to select one of said
trunks; means controlled by said counting means
for changing the capability of said other impulse
receiving means in‘the event said impulses.effect
the selection of one of said trunks by said first
selector, and means for preventing the counting
of trains of impulses transmitted over said line
following the train which selectively controls the
operation of said first-s€lector.

9. In combination in a signaling-system, a line
over which train of current impulses are trans-
mitted, a thermionic valve, means connecting
the control grid of said valve to a conductor of
suid line, means including a battery having its
positive pole connected’ to ground for rendering
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said control grid negative with respect to the
cathode of said valve when no impulse is being
transmitted over said line and for rendering said
control grid positive with respect to said cathode
when an impulse is being transmitted over said
line, means having a certain required capacitance
connecting said control grid to ground, an im-

pulse relay, means for effecting the operation of-

said relay when said control grid is negative and
for effecting the release of said relay when said
control grid is positive with respect to said cath-
ode, counting means controlled by said relay, and
means operated in the event a train of impulses
transmitted over said line consists of g particular
number of impulses for changing the capacitance
of the connection between the control grid and
ground.

10. In a combination according to claim 7,
means effective to prevent the operation of said
counting means in response to trains of im-
pulses following g first train transmitted over
said line.

11, In combination in a switching system, a
line, a group selector, means connecting said se-
lector to said line, a station comprising an im-
pulse transmitter, second selectors connected to
a group of terminals in the bank of said first
selector, impulse receiving means in said first
selector responsive to a first train of impulses
transmitted over said line, means in said first
selector for selecting an idle set of terminals in
the group identified by said first train of im-
pulses, impulse receiving means in the second
selector connected to a selected set of terminals
in the bank of said first selector, means in said
first selector effective to transfer said line from
connection with the impulse receiving means of
said first selector to the impulse receiving means
of the selected second selector, g first thermionic
valve, means connecting the control grid of said
valve to a first conductor of said line, means in-
cluding a battery having its positive pole con-
nected to ground for rendering said control grid
negative with respect to the cathode of said valve
when no impulse is being transmitted over said
line and for rendering said control grid positive
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with respect to said cathode when an impulse is
being transmittéd over said line, an impulse
relay, means for effecting the operation of said
relay when said control grid is negative and for
effecting the release of said relay when said con-
trol grid is positive with respect to the cathode,
means controlled by said impulse relay for re-
cording the impulses transmitted over said line, a
second thermionic valve, means connecting the
confrol grid of said second valve to a second
conductor of said line, means including said bat-
tery rendering the control grid of said second
valve negative with respect to its cathode while
sald line is connected to the impulse receiving
means of said first selector and to the impulse
receiving means of a selected one of said second
selectors and for rendering the control grid of
said second valve positive with respect to its
cathode in the event said transfer means in the
first selector disconnects said first conductor of
the line from the impulse receiving means of said
first selector before it disconnects said second
conductor of the line from the impulse receiving
means of said first selector, and means rendered
effective when the control grid of said second
valve becomes positive with respect to its cath-
ode for rendering the control grid of said first
valve negative with respect to its cathode so as
to prevent release of said impulse relay for a long
enough interval of time to effect the operation of
said recording means when said transfer means
In sald first selector is operated, thereby to pre-
vent a false operation of said recording means.
FREDERICK R. LAMBERTY.
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