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UNITED STATES PATENT OFFICE 
-- 2,508,053 • 

AUTOMATIC MONTOR FOR A -- COMPARANG 
DESIGNATIONS RECEIVED. AND TRANSir 
MITTED BY CONTROL CERCUTS: N. O.A. 
SWITCivG SYSTEMS 

Joseph W. Dehn, Great Neck, and Oscar H Willi 
ford, Bronxville, N. Y., assignors to Bell Tele 
paone. Laboratories, Incorporated, New York, 
N.Y., a corporation of New York. - 

Applicatión December 31, 1948, seriarNo. 68,556 
12. Claims. (Cl. 179-175.24) 

* This invention relates to automatic telephone" 
Systems and has for its object to facilitate the 
maintenance of such systems. 
In automatic systems employing cross-bar 

switches, the function of registering the designa 
tion of a desired line and the function of 'con 
trolling-the automatic switches to establish the 
necessary connection are performed by Separate 
control units-known respectively as register send 
ers and markers and the designation must be: 
transferred from the-register sender-to-the-mark 
er befores the latter can perform iös function. 
It is: essential, therefore, that the designation So 
transferred be the same as that registered. 

In cross-bar Systems of the prior art a set of 
Originating register. Senders and originating. 
markers has been employed for receiving the 
designation from the calling Subscriser and con 
necting the . calling line to an interoffice, trunk. 
and a set of terminating register senders and 20. 
terminating ... markers has been employed for 
receiving the called line number from the origi 
nating register sender and.connecting. an inter 
Office. trunk. With the: called. line. To...determine: 
that these register. Senders are: transferring cors' 
rectly the designations received to the associated: 
markers, two routine testing circuits are pros. 
vided, One for each kind of register. Sender, which 
select the register senders. in succession, set up 
thereina. Variety of arbitrary designations, re 
ceive:the designations.as.transferred to:a marker, 
and check the accuracy, of such transfer. 
In the CrOSS-bar System disclosed in...the co 

pending. application of A. J. Busch-Serial. No. 

and terminating. connections receiving designa-º 
tions from either orginating. registers or from 
incoming registers, which resemble the terminat 
ing register Senders: of the; prior art. In : addi 
tion, this System, employs outgoing senders for 
transmitting designations, which they receives: 
from the markers, to other offices. • 
In accordance with the present invention, 

means is provided, associated with the above: 
type . of cross-bar system, for: checking: designa 
tions transferred to or from the marker with. 
those received by the registers or sent out by 
the sender during service. 
This means takes the form. of an automatic. 

monitor which is seized, if idle, at the seizure 
of a register Or sender, is: connected. With the: 
seizing circuit. and with...the marker associated 
With that circuit, receives, the designation as; 
transmitted to a register or from a sender, res: 

25. 

50 

- 2 

ceives the same designation as transferred to or 
from the marker and checks the designations as 
received and transferred. Means iš provided, in 
case the designiations" do "mot" chieck, t? make * a 

& trouble-record which gives the two forms of the 
designation and therefore"provides a means for 
accurately 'identifying the source of the error. 
"A feature of the invention lies in means for 

repeatedly advancing the monitor through a . 
lf cycle during which it performs a plurality of 

monitoring operations on each variety of cir 
cuit, thätistom º originating registers, on incom 
ing registers" and on outgoing, sen?d?rs. Means is. 
also provided to vary the relative number of 
monitoring operations performed on each variety 
of circuit, . . . 

In addition, means is provided to optionally. 
cause the monitor to monitor only on one of said 
varieties of circuits, or to monitor on a single 
one of said circuits. 
Incoming registers may be of a plurality of 

types according to the-form of pulsing they are 
arranged to receive, for example dial pulsing, 
multifrequency pulsing, etc. Similarly, outgoing. 
Senders may be of a plurality of types, according, 
tò the form of pulsing they are arranged to 
transmit. The monitor is provided with a plu 
rality of pulse receiving, circuits each of which 
is... responsive to a particular form of pulsing. 
When the monitor is associated with an incom. 
ing register or outgoing sender, it receives an 
indication of the form of pulsing to be expected 
and responds...thereto, to render the proper.pulse: 

57,3947fied October 29, 1948 asiglerype of te?????:??ueeevé. 
marker is employed to establish both originating. . These and other features of the invention 

will be more-apparent from a consideration of. 
... the following description in connection with the 
! drawing:in which: 

40 Figs, 1, 5,29, 16, 23, 24, 25 and 34 shown in 
Schematic-form, parts of the cross-bar telephone 
System. With which: the automatic. monitor is: 
adapted-to-function. 
; Fig. 1 showing in diagrammatic. form: a line: 

45 linkframe-and-a trunklink frame, ani originat 
ing register marker connector, an incoming reg. 
ister marker connector and aparti of a marker; 

Fig. 5 showing another part of marker and the: 
master test frame: connector; 
Fig. 9... showing: an incoming register link and: 

part of a dial: pulse: incoming register;. 
Fig.16 showing another part of the dial pulse: 

incoming register; 
Fig. 232 showing: a.multifrequency incoming. 

sis, register. 

  



3 
Fig. 24 showing a dial pulse outgoing Sender; 
Fig. 25 showing an Originating register; 
Fig. 34 showing a multifrequency outgoing 

sendier; 
Figs. 2 to 4, 6 to 8, 10 to 15, 17 to 22, and 26 

to 33 show the automatic monitor in detail; and 
Fig. 35 is a diagram showing the manner in 

Which FigS. i to 34 should be arranged. 
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designation and in some cases a trunk number 
from the link. The register then seizes a marker 
through the incoming register marker connector 
and transfers the called line number, the frame 
designation and, if registered, the trunk number 
to the marker, which controls the connection of 
the incoming trunk with the called line through 
the trunk link frame and the line link frame and 

In the drawing, conductors which pass through 
a number of sheets have been grouped into cables. 
In addition the multiplicity of conductorS Which 
connect the Various registers have been repre- - - 
sented by cables. In each case the cable is iden 
tified by the numbers of the figures in which they 
terminate connected by a hyphen. The various 
circuit elements Such as relays, etc., are given 
a letter designation indicative of their function 
and Since the Same designation is required in 
different portions of the disclosure, they have 
been further distinguished by adding the figure 
number in parenthesis. S. 
A general reference is made to the above-iden 

tified Busch application for a complete disclo 
sure of the marker, the connectors and the or 
iginating register shown schematically in the 
present drawing and for typical disclosures of 
the incoming register and outgoing sender. Ref 
erence is also made to the copending application 
of O. H. Williford, Serial No. 57,391, fied October 
29, 1948 for a more complete showing of the mas 
ter test frame connector and trouble recorder. 
To clarify the functions of the automatic non 

itor, a brief description of the operation of the 
telephone system with which it functions may be 
helpful. In Such a System, When a Subscriber 
originates a call, the line link frame, on which 
his line appears, is connected with an idle marker 
in Which the calling line location is registered. 
The marker selects a trunk link frame having 
idle Originating registers and an idle register, to 
which it is connected through the trunk link 
frame and then connects the calling line to the 
Selected register over the line link frame and the 
trunklink frame, after which it is released. While 
connected with the originating register, the 
marker passes the calling line location to the 
register. - 

The subscriber dials the designation of the 
Wanted line into the originating register after 
which the register Seizes an idle marker through 
the originating register marker connector and 
passes to the marker both the calling line loca 

The marker 
then selects either an intraoffice trunk or an out 
tion and the called line number. 

going trunk according to the location of the 
called line as derived from the number received, 
and connects the calling line to the trunk through 
the line link frame and trunk link frame. 

If an outgoing call is set up, and an outgoing 
sender is required, the marker Selects an idle 
outgoing sender capable of transmitting pulses 
of the proper type, connects with it through 
the outgoing sender connector and passes the 
called number through the Sender connector to 
the Sender. The marker also directs the Connec 
tion of the sender to the selected trunk and re 
leases. The sender then transmits the called 
number to the distant office. 1 - - - - 

An incoming call from a distant office causes 
the seizure of an incoming trunk which responds 
by connecting to an incoming register, capable 
of receiving pulses of the type generated at the 
distant office, through the incoming register link. 
The register receives the called line number from 
the distant office and receives a trunk link frame. 

then releases. 
10. General description 

a The automatic monitor serves to check the 
performance of the originating registers, in 
coming registers and outgoing Senders of a cross 

5. 
... tified application of A. J. Busch. It does this by 

bar office of the type disclosed in the above-iden 
automatically monitoring on Service calls and by 
furnishing facilities with which the above cir 
cuits can be tested under control of a mainte 

20 
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nance mam. However, the test functions of the 
monitor have been omitted from the present dis 
closure. In monitoring, the station number 
transmitted to a register or sender is compared 
with the station number transmitted therefrom 
and if the two do not match a trouble record is 
made. 
The monitor is arranged to monitor Successive 

ly on originating registers, outgoing Senders, and 
incoming registers. A ten step allotter circuit is 
provided which steps once per monitored call. A 
cross-connection from each step except the first 
determines what type of circuit will be monitored 
in that position. This permits the monitoring to 
be apportioned in relation to the number of each 
type of circuit in the office. However, the moni 
toring must start with originating registers and 
progress successively to outgoing senders and in 
coming registers and there must be at least one 
step for each type of circuit. An automatic ad 
vance of the allotter circuit is provided if no call 
is monitored for a period of one minute. 
In addition to the general monitoring first de 

scribed, monitoring can be confined to originating 
registers only, to outgoing senders only, or to in 
coming registers only. A further choice permits 
exclusive monitoring on a particular register or 
Sender. 
When the monitor is in a position to monitor 

on originating registers, a preference chain con 
sisting of one relay per marker is made operative. 
At the time a marker establishes a dial tone Con 
nection it requests the use of the monitor on that 
call. The marker which is successful in select 
ing the monitor through the preference chain 
will connect the selected originating register to 
the monitor. The monitor then remains attached 
to that register, during the period of register 
usage. A high impedance pulse amplifier of the 
monitor is connected across the incoming tip 
and ring to the register. During dialing the digits 
are recorded in the register and also independ 
ently in the monitor. - ?? 
When all digits have been received, the register 

selects a marker and signals this fact to the 
monitor. In response to this signal the monitor 
Selects the master test frame connector to gain 
access to the marker. A signal is also passed 
from the monitor through the register to the 
marker to inform it that it is a monitored call. 

5 

In addition to performing other functions as 
Sociated with monitoring, the marker cuts 
through a number of signaling leads between the 
monitor and marker, Over one of these leads 
the monitor operates several multicOntact relays 
associated with that marker but located in the 
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masters test frame connector. Ehese. relays give 
the monitor raccess to the leads from register 
to marker which transmit: the called number. 
Similar cut-in relays at thermonitor, end of the 
master test frame connector, were operated, when 
that circuit was selected by the monitor. 
The number passed from the register to: the 

maker: is registered on relays, in the monitor 
and after a II süfficient : registration interval Šthe 
monitor releases the connection through the 
master test:frame connector. The monitor then 
compares ithe, numbersit-recorded from the reg 
ister. input: with the number: passed from register 
to marker. If they are: the same the monitor 
restores to 'normal and accepts, the next call. 
If the numbers:do: not match the:monitoragain 
Selects the master test frame:connector, this time 
to gain access to the trouble-recorder. A trouble 
record card is perforated, on which the more 
important items are thiestWonumbers recorded 
by the monitor and the identification of the 
marker : and of the register. Upon conclusion 
of the troubie record: the monitor restores to 
normal. 
Toº finOnitOr: con: a, particularºregister the' malark 

er i preference: chain is disabled' and :: thiema,Ster 
test, control circuit used "to seize: a marker and 
direct...it to the desired register. During this 
operation the register is connected to the moni 
tor. The callis then:abandoned frestoring ai 
circuitS to:normal: but, leavings the register:con 
rected to thermonitor. All calls; reaching that 
register: are then monitored as previously ide 
Scribed. 
When the monitor is ina, position to monitor 

On...incorning registers as preference chain con 
sisting of; one relay per; register is inade opera 
tive. When a trunk selects aregister the register 
requests the use of the monitor on that call. If 
the register. Successfully . SelectS tithe monitor 
through the preference chain, the register will 
be connected to the monitor for; the: duration 
of register; Sage. The operation from this point 
On is the Sane, as described for the Originating 
register, With the following: exceptions. .info 
mation: giving the location of the trunk involved 
in the call is recorded in the monitor aid added 
to the trouble-recordainformation. A-nulti 
frequency receiver with a high impedance inplit 
is provided to monitor the: input to Snultifre 
quency registsrS. To monitor . On: a particular 
register, the operating paths; of the preference 
relays of all other registers are opened. 
When the monitoris in a position to monitor 

on outgoing Senders the marker.preference, chain 
described under originating “registers is made 
Operative. In this case,; however, the path" to 
the preference-relay is , closed only when the 
markerstarts, to selectian Outgoing Sender. When 
the marker selects the monitor through the prefa, 
erence chain, the marker is informed that it is a 
nonitored: call. The nonitor: then gains acceSS 
to the marker through the "master test frame 
connector as previously described. 
The number, passed from register to marker. 

is tien registered in the monitor. This is the 
number, which is passed through the marker to 
the e senders. At - the "same ; :::time í information 
passed: to the sender such as: numbers of digits 
to , delete and an arbitrary digit, if any, are 
recorded in the monitor. This latter information 
is used to modify the checkpath through the 
recorded digits:to correspond to the digits to be 
outpulsed by the sender. When the marker 
first connects to the sender it connects the send-. 
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er to the monitor, this.latter contriection remaalia 
ing until the Sender-restoresto normal. 

during the time: it is connected to the marker 
the monitor records the location of the trunk 
used on :: the call. When the i marker has pro 
gressed to the point of connecting: the trunk: to 
the callingaliae, the monitor::releases the con 
nection through the master test frame con 
nector to the marker, the marker releasing; nor 
mally. The monitor; then records: the outpulsed 
number and upon a pulsese end:signal from the 
Sender Compares...the 3 out pulsedimenber. With 
that received from the marker. If they match 
the monitor release. ...If they do:not match the 
monitor leaves a strouble record and then re 
leases. . . . . 

{When monitoring On":a::particularisender: the 
marker preference:chain is not used. The senider. 
is raarked So...that it tells the imarker that it: is 
a monitored . call each.time...it is selected. The 
narker, then selects the monitor : directly and 
the call-proceeds aS previously described. 

Start of monitor 
To prepare the monitor for operation &key 

MAC (9)::is first operated. Exey MAC69) closes 
a circuit from battery: through the windings, of 
relay AC (f3) - to ground sover the contact 2 of 
key MAC (9) operating -relay AG (9), which 
closes the energizing circuit for: the primary 
winding of transformer AC (9), thereby; supply 
ing currentithrough the Secondary windings of 
trainsformer: AC(9); to the heating elements of 
Various Vacuum tubes the use of which willzap 
pear hereinafter, to full-wave rectifier. tube 
R(S) and to full-wave dry rectifier Vf O(9). 
Reiay NVA(19): Whichºis connected to; rectifter 
Vj(3) operates as an : indication that the 
automatic :nonitor. is: ready for.: operation. "...If 
relay'NWAC9) fails to operate, or releases, foi 
lowing the operation of key MAC (9), lamp 
NVA(19) lights and battery: connected over.con 
tact 2 of relay.NWA(9), contact of key MAC (9) 
and Conductor 966) to the "alarm circuit causes 
a no-Voltage alarm to Sound. m 
With relay NVAC 9) operated, the operation of 

the Start monitor key. SMC6). closes a circuit 
from ground over contact. of relay. NWAC), 
conductor de Gil, contact 2.of key STM (6), con 
ductor 600 to battery through the winding of re 
lay STM.(6). Relay STM(6) operates and closes 
a circuit from ground over its contact 6 and con 
ductor 69 to battery through the windings of 
relay. STM (3) operating the latter relay. These 
two relays serve as off-normal relays - for the 
monitoring-operation, closing off-normal:grounds 
Where necessary and-closing through leads from 
the Senders, registers. and markers to the moni 
toring control çircuit. Relay - STMi (3) i at its 
contact 6 connects ground to conductor -33 to 
close an operating circuit for relay AON (i9). 
Relay. AON (fg) at its contacts : 0 and it? closes 
a biasing circuit: through the lower winding of 
relay P(9) to cause that relay to hold its contact 
open. At its contact. 4; relay. AON (f 9) closes a 
circuit from ground to . conductor. 965 and 
through the middle: winding of relay L. (20), re 
sistance Li (29), contact. 3 of jack L. (20) to bat 
tery to bias relay. L. (20) in a direction to close its 
contact . 
With relay. STM (3) operated and none of the 

monitoring selection keys operated, a circuit is 
closed from ground gover-contact 4 of relay 
STM (3), contact 3 of relay STM2(3), contact-3 
of key: ROR (3), contact. 2-of key:ROS (3), eQn 
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tact 3 of key RIR (3), contact 2 of relay IR (3) to 
battery through the winding of relay MBN(3). 
Relay MBN(3) connects ground to conductors 
300 to 309 which extend through cable 3-4A to 
battery through the lower windings of the marker 
busy relays including relays MB)(4), MB5(4) 
and MB9 (4), operating all of these relays. With 
all of the marker busy relays operated a chain 
circuit is closed from ground over contacts 3 of 
these relays to conductor 400, contact of relay 
STM2(3), contact 2 of key OR (3), contact 2 of 
key OS (3), conductor 30 to the winding of relay 
APA (1) and battery. Relay AFA(1) operates in 
this circuit locking over its contact 4, contact 5 
of relay APB (7), conductor 700 to ground at con 
tact 3 of relay STM (3). Relay APACT) closes 
a circuit from ground over its contact T, con 
ductor 70 to battery through the Winding of 
relay OR (3). Relay. OR (3) operates and closes 
a circuit from ground over its contact 3 to bat 
tery through the Winding of relay STM2(3). 
Relay STM2(3) operates in this circuit, opening 
the circuit of relay MBN(3) which releases, open 
ing the operating circuits for relays MBO(4) to 
MB9 (4). 
With relay OR (3) operated, ground is con 

nected over contact of relay IR (3) and contact 
of relay OR (3) to conductor 3 which extends 

in multiple to all markers. 
If any marker is serving a dial tone connection 

at this time, relays DC), DT (), DT2 (f) and, 
DT3(f) will have been operated in that marker, 
under the control of the line link frame. With 
relay HMS () operated to indicate that the 
marker has started to operate the hold magnets 
to set up the dial tone Connection, ground On 
conductor 3 is extended over front contacts of 
relays DT3 (í) and HMS (l) to conductor 100 
and the associated marker busy relay such as 
relay MB (4) will be locked in a circuit from bat 
tery through its upper winding and over its con 
tact 2 to ground on conductor 00 to prevent that 
marker from Seizing the monitor at a point SO 
late that the monitor may not be properly a SSo 
ciated with the selected originating register. 

Relay OR (3) at contact 4 connects ground over 
contact of relay CMS(3) to conductor 32 to 
prepare for originating register monitoring. The 
circuit is now ready to monitor originating reg 
isters. 

Monitoring om originating registers 

Assuming that the marker shown in Figs. 1 and 
2 was not in use when the marker busy relays 
Were operated as above described, but is now 
Seized to handle a dial tone connection, as soon 
as relay HMS f ( ) operates, conductor O() is 
grounded as above described, and, with relay 
MB0 (4) released, a circuit is completed over con 
tact of relay MBC (4) to battery through marker 
preference relay MPO(4), operating the latter 
relay. Relay MPO(4) operates, disconnecting 
battery, at its contact , from the other marker 
preference relays. 

Relays MP9 (4), MP5(4) and MP9 (4) are parts 
of a chain circuit which permits only one marker 
at a time to gain access to the monitor. When 
an intermediate relay, such as relay MP5 (4), op 
erates, it locks directly to battery. Relays higher 
in the chain such as relay MP9 (4) cannot operate 
because the battery supply has been opened. A 
relay lower in the chain such as relay MPO(4) 
can operate but performs no function since con 
ductor 32 is disconnected from it at contact 6 
of relay MP5(4). While a chain of ten marker 
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preference relays has been indicated, the riumber 
of relays in the chain would correspond to the 
number of markers actually in use and might be 
more or less than ten. 
Assuming that relay MPO(4) is operated alone, 

ground on conductor 3f2 is extended over con 
tacts 6 of relays MP9 (4), MP5(4) and the inter 
mediate relays, contact 4 of relay MP0 (4), con 
ductor 40, to the associated marker, over con 
tacts of the multicontact relays associated with 
the trunk link frame, by which the marker is 
connected with the selected originating register 
to conductor of which extends through cable 
-25A and over contact 2 of relay F (25), which 

is operated under the control of the marker when 
the originating register is seized, to battery 
through the winding of relay M0 (25) in the se 
lected originating register. 
With relay ON (25) operated, which takes place 

shortly after the operation of relay F (25), the 
operation of relay M0 (25) closes a circuit from 
ground at contact 2 of relay ON (25), contact 8 
of relay M0 (25), conductor 2500 through cable 
6-25, contact 2 of relay STM (6) to battery 
through the upper winding of relay DOR.(6). 
Relay DOR. (6) operates in this circuit and closes 
a circuit from ground over its contact 0 to bat 
tery through the winding of relay ORN (6), op 
erating the latter relay. 
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At its contact , relay DOR(6) connects 
ground to conductor 602, completing a circuit 
to battery through the winding of relay DON (20) 
operating the latter relay to prepare the dial 
pulse counting circuit for receiving pulses. At 
its contact 9, relay DOR(6) connects ground to 
conductor 603, completing a circuit to battery 
through the winding of relay CMS(3) to operate 
the latter relay and open the operating circuit 
for relay MON (f) in the marker. 
At its contact 2, relay DOR.(6) closes a locking 

circuit for the monitor relay MG (25) in the orig 
inating register which may be traced from 
battery through the winding of relay M0 (25) 
and over contact 7 of relay M0 (25), conductor 
250 through cable 6-25, contact 2 of relay 
DOR (6), conductor 604 to ground at contact 5 
of relay RN (7). 

Relay DOR(6) also closes a circuit from ground 
at contact 4 of relay RN (1), conductor 
702, contact 7 of relay DOR(6), conductor 605 
through cable 6-25, contact of relay MO (25) to 
battery through the winding of relay MB (25). 
operating relay MB (25) to hold the circuit of 
relay F (25) open and prevent the reseizure of the 
Originating register at the end of the call until 
the monitor has checked the number and made 
a trouble record, if necessary. 

Relay ORN (6) when operated connects ground 
Over its contact 8 and conductor 67 to 
battery through the windings of relays ONM (7) 
and ONM2(7) which operate to provide a plu 
rality of off-normal grounds for the monitor. 
Relay ONM (7) at contact 0 closes a circuit 
from ground over conductor 6 2 to battery 
through the winding of relay MSR (3), operat 
ing the latter relay. Relay MSR (3) closes an 
obvious operating circuit for relay MSR (3). Re 
lay MSR (3) closes a circuit from ground over 
its contact 6, contact 6 of relay OR(3), to bat 
tery through the winding of relay MBN(3). 
Relay MBN(3) operates, again operating all of 
the marker busy relays MBO (4) to MB9 (4), re 
leasing relay MPO(4) and preventing the opera 
tion of any other marker preference relay. In 
addition relay ORN (6) closes a circuit from 
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gond-overits-centaet:6; conductor-63 through 
cable f-f 4A to battery through-the-winding of 
relay-ORM (4). . . . . . . . . 
Ground is also-connected overal back, contact: 

of-relay. MSF (25), in the originating-register-con 
tact:6; of relay-MO(25); conductor. 2592 through 
Cable: 6.25 contact:4 of relay.IORC6), conductor. 
e6; contact 4 of relay.PEA(2) to battery.through 

the: winding-of-relay-RPS (2): Relay. RPS (2) 
operates and: closes a locking circuit: for itself. 
through: the wirading of relay.RRE(2), contact. 

of: relay-RBSi (29, conductor.200 to ground; at 
centaeti of relay-ONM2(7), but relay.RPE (2): 
cannot operate in this:circuit, being shunted by. 
thre: operating-circuit for:-relay. RPS1(2). Relay. 
RPS (2) opense the-operating-circuit for...relay. 
SigDN€6); to-prevenatstheslatter, relay - from operat 
ings; if the call" requires the use of an outgoing, 
sende. 
RelayePON{20), when operated as above-de- 20 

seribled; cosesas circuit from-ground'over litscon 
tact.5 ceductor 2000; through, cable. 420A to 
batterythrough the windings of relay. ONR(5), 
Which supplies lockings ground for the various. 
register-relays 
With-relays. ORN:(6) and relay, ONR:(5) op 

erated a circuit is closed; from-battery.through 
the: windings...of relays AS (2), and ASA(2) in 
parallel, over contact: 4. of relay. AS(24), con 
ductor. 200 contacts 2e of relays; BL6:(30) and 
BES(30), conductors 300; contacts 2- of- relays 
Eric 28), EL3(28); and DE:2-(28), conductor. 2800, 

contacts 2:ofrelays-EE (2), and DCR (2), con 
dictor. 2d Od; contacts. 53 of relay. CL.f. (4), back. 
contact:ofrelay-M54), conductor, 409, con 
tact? of relay.ONRG5), conductor. 500 through 
cables i ild?te to ground at contact. 7 of relay. 
GRN (6), Relays, AS-62.(); and ASA(2) operate 
in this circuit relay, AS(2): closing a locking cir 
euit for itself and relay ASA (2 ) over its con 
tact:5; cond?çt?r 202 contacte5-of-relay. BS(28), 
Conductor: 280 ter ground: -atº, contagt: 42 of relay, 
GNR(d5). The operating ground for ... relays 
AS{ and ASAC extends from con dietor. 490 to battery, through the winding of 
relay: MES(4). Relay.M.K(4) is slgw.to, operate 
and therefore, does not open its back contact to 
open the operating; circuit; for relays. AS(24); and 
ASA(21); until after the l relays have been 
lacked. Relays:AS(24) and ASA(2), prepare the 
steering circuits;for-the first digit, 
Thenaaikes Fegelves; the calling line identifical 

tigr, and trasfers it tº the originating. register, 

When the calling line- is connected with the 
registers dial tone is transnaited to the line. and 
line relay-I3025) operates oyer, the calling line, in 
ta, operating: relay 25), and SR-(25), re 
lay. SR-685) in turn operating relay. ONI (25). 
The operating-ground" for relay...ON (25) is ex 
tended over cortact. 9, of relay. M0 (25), con: 
duetor: 2593 through, cable. 6:25, contact. 5° of 
relay-DOR?6), conductor. 698; to battery through 
the winding of relay. MAG? (6). Relay. MAC (6): 
operates, and closes: a circuit from battery 
through the wingding of, relay. MAC2(6), con 
teet. 3 of relay. MACh (), conductor .69 to 
grounds at: contact, 5 of relay.GNM (7). Relay. 
AAC2C6), operates and locks over its contact. 2 
te, ground-on conductor. 609 preparing a circuit, 
which may be closed in response to a subsequent 75. 
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release of... relay. MAC (6) to indicate, to the 
monitor that...thecall has been abandoned. 
Relay MAC2(6) closes.a.locking, circuit for re 

lay DORCS) which may be traced from battery, 
through the lower winding and over, contact 6. 
of Irelay DOR (6), contact : of relay. MAC2(6), 
conductor, 60, contact. 3; ofrelay, RN (7), con 
ductor 73 to ground, at contact: 7 of relay. 
STMC6). The closure of this locking, circuit is 
delayed until this time so that the monitor will; 
not-lock up until it:is prepared to recognize, an 
abandoned Call. 
When relay. ONMCT), operated as above de 

scribed it connected ground to conductor. 74, 
completing a circuit, over the contact 2 of relay 
MPC (6) to battery, through the winding of 
relay. MPC2(6). FRelay MPG(6) operates, and 
closes a circuits from battery through the. Winds. 
ing of: relay. MPC (6): over : contact 3 of : relay, 
MPC2(6) to ground on conductor. 794. Relay. 
MPC (S) operates and locks over its contact, to 
conductor 74; opening, the circuit of relay, 
MPG2(6). Relay MPC2C6) is slow to. release, and 
during; its releasing time connects... ground over. 
its contact I; contact 3-ofrelay ORN (6) to con. 
ductor 6 i , ito. operate a peg.count meter, indicat 
ing a monitoring. Operation on an originating 
register. 

In addition, relay. ONMI-(7), connects, ground 
over its contact 4 to conductor E. completing 
a circuit over, contact. 2 of relay FM.B,C8) to bat 
terythrough the upper winding of relay TMA(s). 
Relay. TMA (li) operates in this circuit; and locks 
in a circuitº from battery :: through its lewer. wind-, 
ing and; over: its contact. 3, contact: 6 of relay, 
TIf ( ), conductor is contact. 2 of relay. 
TRR2-(f), conductor, 0 contact 3 of relay, 
OMNI (), conductor. 76, contact. 2 of , relay. 
PEA(2), conductor. 20, contact, 7 of relay. 
DON (23) to ground at contact. 5 of relay, 
PST (28). Relay. TMA(f) extends, this locking 
ground over, its contact 4; and conductor, 
to battery through the winding-of-relay TMB (8). 
operating the latter, relay...to. open the operating 
circuit of relay TMA(?). Relay. TMA(?) ini 
tiates a timing operation which will be described 
hereinafter - 

Relay. ONMGT) also connects, ground over its 
contact 9, conductor. 7, contact. 2, of relay, 
APA (H), contact 3 of relay. APKCT), contact 3. 
of relay APB (7), to battery, through the winding 
of relay. APB (79-. Relay, ARB(i) operates in 
tiis circuit and-locks. over: its contact, 4- and con 

tact 5 of relay. APC(7) to ground on conductor. 
76. At its contacts. 5; and 6, relay, APB (). 
transfers the locking circuit, of relay APACT). 
from conductor 700, which is grounded. by the 
nonitor start, relay. STM (3), to conductor. T. 
Relays APA (1): to. APK(7), constitute, an, allotter. 
circuit for deternaining the number, of monitor 
ing operations to be made on each type of cir 
cuit and will be described in more, detail here 
j?fter. 
When relay. MAC (S) operates as above de 

scribed it closes, a circuit from ground oyer, con 
tact 8 of relay, PQRC6), contact. of relay. 
AAC; (e), conductor. 642, to battery, through the 
Winding of relay, ORM (2). Relay. ORM (12). 
tersects the pulsing. circuit of the originating 
register to the dial pulse amplifier. The Opera 
tion of relay, ORM, (2), is made dependent on the 
operation of relay L. (25), in the originating regis 
ter to ensure the establishment of the register 
pulsing circuit, before, the dial pulse, amplifier is 
connected to it. . . . 
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The tip conductor of the calling line, which 
is connected to ground through the lower left 
Winding of tone coil TN (25) in the originating 
register extends over contact O of relay Me (25), 
and conductor 2504 through cable 2-6 to re 
sistance B7 (9) and condenser B5 (9) associ. 

The ring conductor. ated with tube B2 (9). 
which is connected to battery through the line 
winding of pulsing relay L(25) in the originat 
ing register is extended over contact of relay 
MO (25), conductor 2505 through cable 2-6, 
over contact 3 of relay ORM (2) to conductor 
200 which is connected to the input of tube 
PA(2). 
The dial pulse amplifier of Figs. 12 and 19 is 

used to repeat pulses incoming to the originating 
register. This circuit in conjunction with relay 
L(20) performs the same functions as the puls 
ing relay in the register circuit. In order that 
these functions be performed with a minimum of 
interference to the pulsing relays in the service 
circuits the connection is made to them by 
means of a high impedance circuit. Insuffi 
cient power is obtained through the high imped 
ance connection for operating a relay directly, 
hence an amplifier is used to transform voltage 
changes, occuring across selected portions of the 
service circuit during pulsing, into changes in 
power of Sufficient magnitude to operate a pulse 
repeating relay. 

During pulsing into the register, current flows 
through a winding on relay L(25) and two wind 
ings on the tone coil TN (25) when the dial 
contact is closed and approaches zero when the 
dial contact is open. The voltage across the tip 
and ring therefore varies from a value approxi 
mately that of the office battery, which is con 
nected to the ring conductor through relay 
L(25) and the tone coil windings to a value less 
than the office battery voltage by the amount of 
the voltage drop in the windings of that relay 
and tone coil. In order to operate on the change 
in voltage across the tip and ring obtained dur 
ing pulsing, a counter voltage or bias voltage 
must be provided in the circuit connecting the 
amplifier to the register to offset the office bat 
tery potential and also to provide a positive bias 
for the amplifier tube. This voltage cannot be 
obtained directly from the office battery since 
the amplifier is ungrounded except for the con 
nection through the tone coil winding in the tip 
side of the line. A fixed voltage cannot be used 
since the office battery voltage may vary over wide 
limits. Means is therefore provided for supply 
ing an ungrounded biasing voltage with the 
magnitude controlled by the potential of the 
office battery. 
Means is also provided for altering the bias 

voltage when monitoring on originating registers 
in accordance With the resistance of the con 
nected dialing circuit. The control for this bias 
adjustment is obtained from the voltage drop 
obtaining across the tip tone coil winding. This 
change in bias is made to assist in eliminating 
double pulsing from oscillations set up when 
pulsing under certain line conditions. 
To prevent recording as a ligitimate pulse a, 

Surge occurring due to switching conditions in 
P. B. X's and D. S. A. boards a blocking circuit 
is provided. Pulses shorter than a timed value 
are rejected. This and the pulse corrector relay 
L. (20) also guard against false operations due to 
chattering dial contacts. - 

RelaySL(20) and RAA(20) are condenser timed 
to assure obtaining a closure of adequate length 
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12 
for operating the register and to assure. holding 
on very slow pulsing. - . . . . . . . . 
Two ungrounded sources of direct current 

power, in addition to alternating current for the 
heaters of the vacuum tubes, are required for 
the circuits mentioned above. An ungrounded 
source of direct current power is required owing 
to the operation of the amplifier circuit at a 
potential above ground determined by the condi 
tions in the monitored circuit. The SecOld Un 
grounded direct current supply supplements the 
130-volt office battery potential. The amplifier 
is sensitive to small changes in direct current 
voltage, hence it is necessary to regulate the 
rectified alternating current supplied to it which 
may vary from the nominal value by -- or -10 
per cent. A connection is made from the alter 
nating current supply to the transformer tap 
corresponding to the nominal supply voltage. 
Vacuum tube R (9) rectifies and the filter 

comprising retard coil. R. (9) and condensers. 
R (9) and R 2(9) reduces the ripple in the 
direct current voltage supply to vacuum tube 
PA(2). The direct current voltage at the out 
put of the filter fluctuates as the alternating cur 
rent supply voltage fluctuates. The gas-filled 
voltage regulator tubes WR2 (f 9) and VR3(2). 
and a 10,000-ohm resistance VR4 (9) are con 
nected in series across the direct current supply 
at the output of the filter. The current through 
the tubes and resistance will vary as the voltage 
fluctuates. The voltage drop across the voltage 
regulator tubes WR2(9) and WR3(2) will re 
main substantially constant however owing to 
the characteristics of the tubes. This property 
is also used for controlling the voltage of other 
parts of the circuit. The load current is passed 
through a circuit consisting of vacuum tube 
VIR (2) and a 33,000-ohm resistor VR (2) in 
parallel. : 
The grids (elements 3 and 7) of tube VR (f2) 

are connected to terminal 5 of tube VR2 (9). So 
long as tube VR (f2) operates between satura 
tion and cut-off, a minimum voltage difference 
will be maintained between the grids and cath 
odes of tube VRf (2). For instance, if the input 
direct current voltage should go up, the direct 
current potential on the load would tend to go 
up. But since this would cause the grids to be. 
come more negative with respect to their cath 
odes, the current flowing through tube VR (2). 
is reduced and a greater proportion of the load 
current will flow through resistance VR. (2) 
which is in parallel with tube WR, (2). The 
cathode voltage will therefore tend to remain 
at approximately the original value or very near 
ly that obtaining across the voltage regulator 
tubes WR2(9) and WR3(2). . 
The gas-filled tube P(f2) and fuse B (2) are 

provided in order to prevent a dangerously high 
voltage from being connected to leads external 
to this circuit in the event that the high voltage 
Section, direct current or alternating current, of 
the amplifier power supply became grounded. In 
operation, tube P(f2) would fire when the voltage 
to ground exceeded approximately 180 volts. The 
resulting current through fuse B (2) would cause 
it to operate and open the circuit. 

Plate supply for the bias control circuits is ob-. 
tained from the office 130-volt supply and a boost-, 
er voltage for plate 4 of vacuum tube Bl (19). 
from rectified and filtered alternating current 
power. Grid bias for grid 3 of vacuum tube 
B2C 9) is obtained from the office 48-volt bat 
tery through a voltage divider. . . . . ?. * * ?? 
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Alternating.current powereiss.connectedito:the. 

primary of the alternatings current transformer 
AC(19) through contacts; on the relay AG (199. 
as above described, under-control of key MACt? 99. 

A. 
and condenser:B4(49) in parallel. Plate 6 of tube 
B2G99;isconnected: through the right windings. 
insparallel:of the:transformer BG 2) to theyoffice. 
-139 volt supply 

The ungrounded biasing: potential for the aims 5: To illustrate the operations.of-the-circuit let us. 
plifier:.is,obtained from rectifiedialternating curs 
rent:, Theamagnitude of the alternating current 
is controlledithrought an-amplifie: bysa, direct 
current voltage whichris a fixed araount, below 
(less negative than), the office-battery potential ** 
and changes in: potential, as the -office: battery 
potential-chaiages. A change in: ther officerbat 
tery voltage-will be reflected by:a::change of the 
same:magnitude inrither-direct currente bias-volt 
age, , . . . . . . . . . . . . 

In this bias: contoh circuit, thesgas-filled volt-7 
age-regulator tube. VR-4 (-2), with series resistor 
W.R.9 (f2) is connected between the 130-volt office 
supply-and-the-negative reference voltage. Rey 
sistance. VR-9-4-2)... limits the current which will 
flows and tube. VR442), maintains a virtually 
constant voltage- drop across: its terrilinals. A 
vedtæge divider cirølit isconnected": aØross.fer 
minals, 2 and 5 of tube.V.R.4(2). This consists 

assume that:the offices batteryevoltage increases. 
by;55 volts in:a::matters of three or four seconds: 
Aéchange: insamplifiers input is required in order 
to changetherectified alternating current output 

; voltages. Gridlofttube:Bf (f 9) will become-more 
negative;assa result of the change in battery volt. 
age. Less; current will thereforesflowin the plate. 
cathodes circuitrofitiattitube. The voltage drop 
aerossresistancesB2K9); witalisabereducedithus 53-making grida3-morepositive Making grid;3more 
pesitive: increases the effect the:alternating cure, 
rent; voltage:superimposed on the gridi:hassin' 
causing:the plate:currentstofluctuate: Theifluc-, 
tuationskih voltageare: transmittedºto thesthirdº 
stage: where it is amplified stille, further. Ther. 
inerease ifi;rectified;alternating current from the 
varistors; V (2), W2Cl2); W3(12), and v4(2): 
balanges outsthetincrease in the reference: volt. 
age: except for the:Small change;in the bias: on 
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RB2C-2) and potentiometer B (2) connected in 
Series. The slider of the potentiomete: is co 
neoted through a filter circuit, a reptifier; circuit, 
and a resistance-to-grid; 7 of vacuum tube B (-99. 

increased output. Thezadjustmenting output will 
be made as:-rapidly as the input changes. If the 
voltage:on thes office battery stupply leads: was 47 
initially; and the voltage.across therestifier was 

Resistance. V5(42), and condenser. Big 2): serve 3932 voltsthefina?; voltages: wouldbe:47+5or:52 
as a filter circuit, fore preventing, low-alternating 
curr?nt, voltages-superimposed-on-the-office batre 
tery supply from...affecting, the operation of the 
bias control, circuit. The-rectifiere is as duplicate 
of-the-rectifier...supplying; the-bias, voltage...for the 3. 
amplifier. The alternating current for the two 
rectifiers is obtained from duplicate.windings on 
transformer BCA2). The rectifiers. function is 
to introduce a voltage which 
age difference betwean the referenc - - - - 
the potentiometer slider and the voltage at grid 
7 of tube B (9). Both voltages are with respect 
to the reference ground: Means" is provid?d för 
shunting the rectifier with the proper resistancs 
to offset differences in the two rectifiers and make is: 
the change in output the same for both with 
a given change in the input alternating current 
voltage. Variations in the bias voltage of grid 
7 of tube Bf (19); cause the alternating current 
input to the rectifier to vary. Hence, the error 59. 
voltage will be the increase- or decrease in the 
grid bias required to change the reetified alter 
nating-current output by an amount equal to the 
change- in references voltage - - - , 

Cathode 2. of tubie B (19), is connected to 53. 
ground through gas-filled voltage regulator tube 
VR5Ý #9). T?-keep-the-tube. VR5 (I9) • operating 
under optimum regulating conditions: an addi 
tional-connection is made from it to the 230 volt. 
supply conductor 903. The voltage at cathode 2: 63, 
of tube:Bi (19) is approximately the same, as at 
plate S. of tube Bi (19), The plate 6 and grid.3 
of vacuum: tubei B(9), are, connected throughi; 
resistance: B4 (199: to form a direct current am. 

band:2594 leading to thering: 
of ther-line connection in the register. Relay, 

voltsfortheabattery-supply circuit and 

35.1=369 
volts for theirectifier, output. 

i When Irelay, ORM(12), is operated, as.previously, 
de5gribed whenkan originating: registeris, con 
nected it, closes leads:from the-amplifier:grid, and, 
the samplifier. biasing: circuit, to conductors. 2505. 

and tip respectively, 

normal at this time. The amplifier, 

ficient value to produce 
V ??? ??5?? ?? ?: sitiye:voltages difference ber; 

tween grid 7-and-cathode 8 of vacuum-tube:PA(f2): 
with; the: subscribers: loop: closed; Under this: 
condition current flows:through the tube and re 
sistance-PA4 (f2). The voltage obtaining on plate: 
6.and, grid-3 connected: theretosis: therefores re 
duced. The drop across resistance PA4(12) is 
sufficientªtoreducethe: voltage; atgrid 3. in rela 
tion tasthat obtaining: on: cathodes. 2: to sa, value. 
where the: current flow; between cathode 2 and 
plate:4kg of tube:PA(i2), is:cutoff. When the loop. 
is:opened by the dial, the current; flows in the line: 
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tor:rises to:the potential of the office battery; The 
voltaggion.theetip: conductor drops:to:ground po-, 
tentiaisowing to the reduction in current through: 
this: tones coil. The voltage: obtaining... across: the: 
???? ng; under this condition is sufficient to 
offset:tire amplifier:bias and: produce a negative 

plifier. A 540 cycles alternating current voltage 65 volts.gagatgrid, with:respect to cathode:8. This 
obtained on conductor 902. from the-tones supply 
circuitis connected through the condenserB3(9): 
to grid:3, oftube-B(9): Plates 6 of tube.B. f(9): 
is; connected to, -ki30, volts through resistance: 
B2C 99;... elate 4: of tube; Bd (f 9); is: connected. to ta. 
--230; volts on conductor f3, through resistance: 
B3(9), Plate. 4 of tube, Bid (9): is: connected 
through corrdenser: B2(9)...to...grid of: tube: 
32(9):... Cathode; 8 of tube:B2(9), is connected, 

adters. She current, flowing; in the cathode-plates 
circuit and hence the potential on grid: 3. Curs. 
Yet fosys; between cathode:2-and-plate: 4; Vacu 
13. taba DPét:2) operates when this occurs, as 
will be: described later; and reduces the potential. 
at:glate 4:to the point where it: ceases.tc. conduct, 
This,cenditionis: mintained fora; tinned interyal; 
a?be described, later. Atth end of the timed 
intervalsif.grids3.gis still:at the value for obtaining: 

to -48 volt battery, through, resistance. B6 (19): rst conduction between.cathodes 2 and plate, 4, cul's 
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rent will flow and relay P(19) will be operated. 
Relay P(I9), în operating, operates the pulse cor 
rector relay L(20) in the register section of the 
automatic monitor. Relay L(20) in operating op 
erates and holds operated relay CDP(9). Relay 
CDP (9) opens the operating circuit for the 
vacuum tube DP (2). This prevents vacuum 
tube DP (2) from delaying the operation of re 
lay P(A9) if it releases during a pulse period. At 
the end of the open period the voltage obtaining 
across tip and ring will return to normal and 
relays P(9) L(20) and CDP (20) will release. 
This cycle of events is repeated on each pulse. 
Wacuum tube DP (2) functions as a single shot 

multivibrator. That is, a definite cycle of events 
will be started by a voltage impulse on the con 
trol lead, at the end of which the circuit will re 
turn to normal and remain in this condition until 
the next voltage impulse is received. Under the 
normal condition current flows in a circuit Con 
sisting of cathode 8, plate 6 of tube DP (2) and 
common cathode resistor DP (2). Plate 6 is 
connected to grid 3 through a voltage divider cir 
cuit. This holds the grid at a negative potential 
with respect to its cathode 2, under normal con 
ditions. No current will flow in the cathode 2, 
plate 4 circuit at this time. Plate 4 is connected 
through a condenser DP (2), and resistance 
DP2(2) to cathode 8. The midpoint of this cir 
duit is connected to grid T. A voltage change at 
plate 4 at tube PA(2) is transmitted to grid 
through condenser DP (2) over a circuit ex 
tending over conductor 20, contact 8 of relay 
AON (f9) upper winding of relay P(9), contact 
9 of relay AON (9), contact 2 of relay CDP (9) 
and conductor 90. If the voltage change drives 
the grid negative, conduction will drop in the 
cathode 8, plate 6 circuit. The change in voltage 
at plate 6 will cause grid 3 to become positive 
with respect to its cathode. Current will then 
flow in the cathode 2, plate 4 circuit. Grid will 
remain negative with respect to cathode 8 until 
the capacitance DP (2) connected between grid 
and plate 4 becomes charged through the series 

resistance DP2(2). The values of the resistance 
and capacitance determines the time. Conduc 
tion will then restart in the cathode 8, plate 6 
circuit. The change in potential on plate 6 when 
current starts to flow will be reflected by a 
change in potential on grid 3. This will stop 
conduction in the cathode 2, plate 4 circuit there 
iny restoring the multivibrator circuit to normal; 

If the cathode 2, plate 4 circuit of tube PAC 2) 
is in the conducting condition and steady, tube 
DF(2) will remain in the normal condition. If 
however the current through plate 4 of tube 
PA(2) is low owing to changes in voltage on the 
line, the timing condenser DP (2) connected 
between elements 4 and T of tube DP(f2) will 
be rapidly charged through a path consisting of 
grid 7, cathode 8 of tube DP(f2) in parallel with 
the 205,000-ohm resistor DP2(2). Tube DP (2) 
will then be ready to reoperate on a Subsequent 
increase in the conduction through' cathode 2, 
plate 4 of tube. PA(2), thereby preventing relay. 
P(9) from operating even though the change: 
in line voltage is rapid. . 
The voltage change which occurs across the 

tip and ring of the line during pulsing is depend 
ent on the resistance in the loop. The greatest 
change occurs with short loops. This permits: 
a reduction in the amplifier bias to be made When 
the connected loop is of low resistance. Such a 
reduction is required on some short loop condi 
tions in order to prevent splitting dial pulses. 

O 

20 

25 

6 
Corrections in bias voltage with changes in puls 
ing loop are controlled by the tube B2(19) (elle 
ments 2, 3 and 4) and associated circuit. Tube 
B2(9) in turn is controlled by the voltage drop 
across the tone coil in the subscriber's register. 
This voltage will vary in inverse ratio to the re 
sistance of the connected loop. That is, with a 
short loop the voltage will be high and with a 
long loop it will below. When the loop is opened 
during pulsing this voltage drops to zero. It is 
during this period when the voltage is zero that 
compensation is required, hence a memory circuit 
is used for retaining a condition which is based 
on the normal condition. The memory circuit 
consists of an 8-microfarad condenser B5 (9), 
which is charged to the voltage obtaining across 
the tone coil winding in the period before puls 
ing starts. The charging circuit is non-linear 
(resistance not the same in the two directions of 
conduction owing to the use of rectifier B2(9) 
in this circuit), therefore the charge will be built 
up rapidly on the condenser but will be dissi 
pated at a reduced rate. Grid 3 of tube B2 (9) 
is normally biased in such a way that no current 
will flow in the cathode 2, plate 4 circuit until 
the potential on the memory condenser exceeds 
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this value. The bias voltage is obtained from 
the office battery using a voltage divider. The 
divider consists of resistances B (f 9) and 
B (9) in series with potentiometer B2(9). 
Any increase in voltage beyond this value will 
be counterbalanced by the voltage drop acroSS 
resistance B(9) in the cathode 2, plate 4 cir 
cuit of tube B2C9). The cathode resistor is also 
in the input circuit for the amplifier hence poten 
tial drop across it will alter the effective bias of 
the amplifier. 

Relay L(25) in the originating register re 
sponds to the operation of the calling subscriber's 
dial, in turn controlling the pulse receiving relays 
which cause the designation of the wanted line 
to be set up on the called line number register 
in the manner described in the above-identified 
Busch application. 
At each opening of the line by the dial, relay 

P(9) in the monitor operates, closing a circuit 
from ground over its contact, conductor 904, 
contact 2 of relay RPE (2), conductor 292, back 
contact of relay EMP (6), conductor 63, contact 
2 of jack L. (20), upper winding of relay (2). 
contact f of jack L(2) to battery. 
When the biasing circuit for relay L. (20) was 

closed, causing relay L. (20) to close its contact , 
a circuit was completed from ground at contact 
5 of, relay AON (9), conductor 906, contact 
of relay L. (20), conductor 200 f, winding of relay 
LA(3), conductor 300, resistance LA (20) to 
battery, operating relay LA(3). Relay LA(3) 
in turn closes a circuit from ground at contact 6 
of relay AON (9), conductor 90, contact of 
relay LA(3) to battery through the winding of 
relay L.A. (3). Relay L.A. (3) operates and 
locks over its contact 2 to ground on conductor 
97, independent of relayLA(3). 
Ground on conductor 97 also extends 

through resistance R.A.A.(20), contact of jack 
RA(2), upper winding of relay R.A.A.(29), contact 
3 of jack R.A.(2)) to battery, biasing relay 
R.A.A.(20) in a direction to close its contact . 
The lower Winding of relay RAA (20) is included 
in a circuit which may be traced from battery 
Over contact 3 of jack RA(2), lower winding 
of relay R.A.A.(20), contact 5 of jack R.A.(2)), con 
ductor 2002, condenser RA(3), resistance 
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RAC3) to ground in which condenser RAC3) is: 
normally charged: 
When relay P(19) operates in response to a 

dial pulse, closing the above-traced circuit for 
relay L(20), relay L(20) opens its contact and 
closes its contact 2. The opening of contact 
causes relay LA(3) to release, completing a cir 
cuit from ground on conductor 907 over contact 
2 of relay LAC 3), contact 3 of relayLA (3) to 
conductor 2002 and the lower winding of relay 10 
R.A.A.(20), causing relay R.A.A.(20) to "close its con 
tact. 2 and discharging condenser RACl3). 
At the end of each dial pulse relay. L(20) re 

closes its contact , reoperating relay L.A.(3) 
which opens the circuit, through the lower wind 
ing of: relay“ RAYA(20). However; conidënser 
RAC13): now charges, in series with the lower 
winding of relay. RAA(20) causing that relay to 
hold its contact 2. closed until the charging cur 
rent" decreases, to the point" where, the biasing 20: 
winding becomes effective to open contact 2 and 
close contact . The circuit elements in the cir 
cuits of relay RAA(20) are so chosen that relay 
RAA(20) will hold its contact 2 closed over the 
longest interval between pulses. 
When relay. RAA(20) closes its contact.2 in re 

sponse to the first of a series of dial pulses, it 
completes a circuit from ground over contact 
of relay. LA(3), conductor f30?, contact 2 of 
relay, RAA(20), conductor. 302, contact 2 of ree 
lay, DON (20), contact.3 of relay. PST (20) to bat 
tery. through the winding. of the latter relay. 
Relay. PST (20). operates in this circuit and locks 
over, its contact. 4 to ground at contact 8 of re 
lay DON (20). 

Relay. PST (20) at its contact 5 opens the lock 
ing.circuit for relay TMA(?)... to recycle the tim 
er. Relay. PST (20) closes a circuit from ground 
over its contact. I, contact. I of reliày RAI (20) 
to battery, through the winding of relay. PHC20), 
operating that relay. 

Relay L(20) of the monitor is provided with 
the same corrective devices, as the pulsing relay. 
of the originating register in order, that it may, 
produce good pulses at its contacts. These are 45. 
discussed in detail in the above-mentioned 
Busch application. 
When relay L(2O), closes its contact 2, it con 

nects, ground on, conductor 906, over that con 
tact, conductor 2003, upper winding of relay. 50i 
CDE (19) , contact ... 33 of Irelay. AON (19) , toº coni-- 
ductor 908 leading to the pulse divider relays 
ILGC(3)'; ILGID(13)?° and°ILE(3). . The : first° conmec 
tion of ground, to conductor 908 completes a 
circuit over contact" | of relay LE(13) to-battery 
through the winding of relay LC(13). Relay 
LC (13) operates in this circuit and locks through 
the lower winding of relay LEC3), contact 2 of 
relayLD(13), contact 2 of relayLC(F3) to ground 
connected to conductor. 302 by relay RAAC29), 
but relayLEC13) cannot operate, being shunted 
by the operating circuit of relay LC(3). At the 
end of the first pulse, when relay I (28) opensits 
contact 2 and removes ground from conductor 
1908, relayLE(3) operates in this locking"circuit. 
When relayL (20) again grounds conductor 

1908 in response to the second-pulse, a circuit is 
closed from ground on conductor 1968 over con 
tact 2 of relayLEC13), upper winding of that 
relay, upper winding of relay LD(3) to battery, 
holding relay. LEC13) operated and operating 
relayID(13). Relay LDef3) opens the circuit of 
relay Tc(3) causing. that relay to release. At 
the end of the second purse; relays-TE(f3) and 
LD(3) release, 
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These operations are repeated in response to 

succeeding pulses so that, at the end of the first, 
and each odd numbered pulse relay LEC3) is 
operated and at the end of the second and eachi 

: even numbered pulse relay LE(3) is released 
A locking circuit is provided from batterythrough 
the lower winding of relay LD (13) and over its: 
contact and contact f'of relay LG (13)? to groundf 
on conductor 382 to insure that relay LC(13) 
releases before rejay LD (E3) can release to res' 
close the operating circuit for relay FC (f3). 
With relay LE (E3) operated, ground is cons: 

nected from conductor 302 over its contact 3 
to the odd puise conductor. 303 and with relay 
LEC 3) released, ground on conductor 1302 is 
extended over contact 4 of relay TE(f3) to the 
even pulse conductor, 364 leading to the pulse? 
counting relays. At the first operation of relay 
IïE (3), ground connected to conductor 1303 
completes a circuit over cgntact 6 of relay P4°13); 
contact 6 of relay P2 (13), contact 3 of relay 
P3 ( S), contact 2' of relay. PSC3) to battery. 
through the lower winding of relay. P. (3). 
Relay: P(3) operates and locks...in a circuit from 
battery through its upper winding and over its 
contact 3, and a chain circuit including contact 2" 
of, relay P2(3) contact 4 of relayº P3(3), con- - 
tact 2 of relay F4(3), contact 4 of relay, P5(13), . 
conductor 355, contact of relay RA (2) to 
ground at contact, of relay. PST (20). 
When ground is connected to conductor 304 in: 

response to-a-second pulse, it completes a circuit. 
over contacts of relay P(3) to battery through 
the Winding of relay P2(3). Relay P2 (f3) 
Operates, locking. Over itS. Contact 3 to the above 
traced chain circuit and thien openingat itS. con- ) 
tact2:the locking, circuit for relay. P. (3), whichi: 
thereupon releases. 

In response to, a third pulse, ground is again. 
connected to conductor. 303, completing a cir. 
cuit over contact 6 of relay P4(13) and contacti 
5.of relay, F2(3) to battery through the wind. 
ing off relay, B3Cl3). Relay. P3(3) operates, 
locking over the chain circuit and releasing relay, 
P2(3). 
When conductor. 304, is grounded in response: 

to: a fourth. pulse a circuit is completed from 
that conductor over contacti. 6 of relay. P3 (3) to, 
battery through the: winding of relay: P4(3), 
relay. P4C3) operating, locking over the chain 
circuitarid releasing relay P3 (3). 
Ground connected to conductor 303 in re 

sponse to a fifth pulse completes a circuit over 
contact 5 of relay P4 (3) to battery through 
the winding of relay P5 (23). Relay P5(13) 
operates and locks, in a circuit from battery. 
through its wifading, contact 3 of relay. R. (3), 
contact. 5 ofrelay. P5i 3), toground over con 
ductor 35 a.s. above traced. - At its contact. 
relay. P5Ci 3) opens the locking circuit of rela, 
P4(3) causing that relay to release. 
A sixth pulse causes: conductor 33 to be 

grounded, completing a circuit over contact. 6 
of relay: P5(3), conductor f35S, to battery 
through: the lower windings of relay P6 (20). 
Relay P6 (28) operates and locks in a circuit 
from battery.through its-upper winding, over-its 
contact 3 to ground on conductor 35, thereby, 
remaining operated throughout subsequent pulses. 
Relay: P5(3) also remains operated through thei 
sixth pulse. At its contact. 4, relay:P3(2) closes: 
a circuit for operating relay R3A (28). 

Pulses 7, 8, 9 and : 3: castise the. Successive op 
eratio of relays; F (3), ...P2(3), P3 (S3): ancis 
F4(3) over, the circuits:traced for pulses. 2, 3 
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and 4. respectively. Relay P (3) in operating 
releases relay P5(13). Since relay P5(3) is 
operated when P (f3) is operated to count a 
seventh pulse the operating circuit for relay 
P. (3) is closed at contact of relay P6 (29) 
instead of contact 2 of relay P5(3) and a Sup 
plementary locking circuit is provided for relay 
P. (3) extending from battery through its upper 
Winding and over contact 3 of relay P (13), con 
tact 2 of relay P2(3), contact 3 of relay P3 (3), 
contact 2 of relay Pi (13), conductor 397, con 
tact 2 of relay P6 (20) to ground over conductor 
305. With relay P5(3), released the previously 
traced chain locking circuit is reclosed for lock 
ing relays P2 (3), P3 ( 3), and P4 (i3). 
At the completion of a digit, these pulse 

counting relays serve to ground two out of the 
five conductors 20, 20, 202, 204, and 207 
for the purpose of transferring the digit counted 
to one of the registers of Figs. 22, 29 and 31. The 
relays operated after each pulse and the con 
ductors grounded are as follows: 

Pulse Conductors No. Relays Operated Grounded 

1-------- LC(13), LE(13) P1(13)-------------------- 2010, 2011. 
2-------- P2(3) 2010, 2012 
3--------| LC(13), LE(13) P3(13)--- 2011, 2012 
4-------- P4(3).--- 2010, 2014 
5--------| LC(13), LE(13)P5(13)-------------------- 2011, 2014 
6-- -- P5(18) , P?(20) , P??(20) -- 2012, 2014 
7-- - LC (13), LE(13) P1(13), P6(20), P6A (20)--- 2010, 2017 
8.-- P2(13), P6(20), P6A(20).-- 2011, 2017 
9.-- LC (13), LE(13) P3(13), ? P6A (20---- 2012, 2017 
10------- P4(13), P6(20), P6A (20)--- 2014, 2017 

At the end of a digit, relay LA(3) remains 
operated long enough for relay R.A.A.(20) to open 
its contact 2 and reclose its contact , completing 
a circuit from ground at contact of relay 
L.A. (3), conductor 38, contact of relay 
RAA(29), contact 2 of relay PST (2) to battery 
through the winding of relay RA (20). This 
ground, supplied by relay RAA(2) also extends 
over contacts and 2 of relay PH(20) to conduc 
tors 204 and 2085 and contacts of the pulse 
counting relays, to ground conductors 200 to 
207 in accordance with the above table. 
For example, if the digit 3 Were dialed, relay 

P3 (3) would remain operate at the end of the 
digit and ground on conductor 24 would be 
extended over contact f relay P3 (3), conductor 
308, contact 2 of relay P6A (20) to conductor 

20ff, while ground on conductor 2605 would be 
extended over contact 2 of Irelay P3(3) to con 
ductor 20 i 2. 

If the digit dialed were 9, in which case relay 
P6A (20) would be operated in addition to relay 
P3 (3), conductor 2012 would be grounded as 
above, but conductor 388 Would be extended over 
contact of relay P6A(2) to conductor 207. 
Conductors 20 to 20 extend through cable 

4-2 GB to the armatures of relay CLA(4) 
whence they extend over normally closed con 
tacts on relays CILIA (í 4), CLSA (2) and CRSA 
(21) to the armatures of relay ASA(2í) and, with 
relay ASA(2) operated as above described, to 
the windings of relays AO (22), Al (22), A2 (22), 
A4 (22) and A (22) which constitute the A digit 
register. 
ASSuming, to facilitate reference to the above 

identified Busch application that the designation 
dialed by the calling subscriber is Media, 6-7890, 
which is the equivalent of 636-7890, the circuits 
for Operating the A register relays may be traced 
as follows: from ground on conductor 2004, con 
tact 3 of relay P5(3), conductor 309, contact 5 
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of relay-P6A(20), conductor 2012, through cable. 
{4-20B, contact 5 of relay CLA(14), conductor. 
A42, contacts 5 of relays CLSA(21) and CRSA 
(2), contact 6 of relay ASA (2 ), conductor 22 
to battery through the winding of relay A2 (22); . 
from ground on conductor 2005, contact of relay 
P5(3), conductor 2014, through cable 4-20B, 
contact 6 ofrelay CLA(4), conductor 44, con 
tact 6 of relay CLSA (2A), contact 8 of relay 
CRSA(2), contact I of relay ASA (2 i), conduc 
tor 24 to battery through the winding of relay 
A4 (22). Relays A2 (22) and A4 (22) operate in 
these circuits, locking over their contacts 4 to 
conductor 2200, which extends through cable 5 
22 to ground at contact 5 of relay ONR(5). . 

It may be noted that relays AO (22) and A (22), 
may only lock when operated in combination 
with one of the relays A2 (22), A4 (22) or A (22). 
This is to prevent locking in a registration of the 
digit 1 as the first digit dialled, since an initial 
digit 1 is a false pulse or the first digit of a Service 
code Which receives Special treatment to be de 
Scribed hereinafter. 
When relay RA (20) operates, it opens at its 

contact the locking circuit for relays P5(3) 
and P6 (20), and the operating circuit of relay 
PH(20) but, before doing so, closes an alternative 
operating and locking circuit for these relayS 
which may be traced from conductor 35 over 
contact 6 of relay DON (20), conductor 2006 
through cable 4-20A, contact f of relay TO(4), 
conductor 40 through cable 4-29A, contact 3 
of relay DON (20), contact 2 of relay RA (20) 
to ground at contact of relay PST (20), thereby 
holding relay PH(20) and the pulse counting re 
layS Operated. h 

Relay RA (2) also closes a circuit from 
ground over contact 3 of relay PHC20), contact 3 
of relay R.A. (20), contact 4 of relay DON (20), to 
conductor 200. From conductor 2) the cir 
cuit extends in parallel through cable 4-29A 
through resistance TO(4) to conductor 282 and 
over contact of relay DON (29), conductor 28 
(through cable f4-26A) through the upper Wind 
ing of relay TO(4) to conductor 2802, and thence 
over contact of relay CL (A4), conductor 492, 
contacts f of relay CLS (2) and CRS(2), con 
tact 3 of relay AS (2), conductor 2 3, contacts 
3 of relayS A2 (22) and A4 (22) in parallel, con 
ductor 220 , contact 3 of relay BS (28) to battery 
through the windings of relays BS (28) and BSA 
(28) in parallel. Relays BS (28) and BSA (28) 
operate in this circuit, relay BS (28) closing a . 
locking circuit for the two relays over its con 
tact 4, contact 5 of relay CS (28) to ground on 
conductor 280 . At its contacts 5 and 6, relay 
BS (28) transfers the locking circuit of relays 
AS(2) and ASA (2) from conductor 28 to 
conductor 2802 which extends as above traced to 
ground at contact 3 of relay PH(20). 

Relay TO(4) operates in the above-traced cir 
cuit and closes a locking circuit for itself from 
battery through resistance TOf (5), contact 3 of 
relay ONR (5), conductor 50, lower winding 
and contact 2 of relay TO(4), conductor 4, 
to ground at contact of relay PST (2) as pre 
viously traced. At its contact , relay TO(4) 
opens the holding circuit for relays PHC2), P5 
(3) and P6 (3) permitting these relays to re 
lease. The release of relay PH(20) opens the 
holding circuit for relays AS (2f ) and ASA(2) 
and these relays release to extend the register 
operating conductors to relay BSA(28) and 
thence to the B code register. The circuit now 
awaits the next or B digit, 
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At the beginning of the next digit, relay RAA 
(20) opens its contact?, releasing relays RAI (20) 
and TO(f4) and at its contact 2 grounds con 
ductor 32 to prepare for counting the second 
digit. 
The counting of the succeeding digits and the 

operation of steering relays CS(28) and CSA(28), 
to GS (30) and GSA (30) take place in substan 
tially the manner described for the first digit. 
When relay RA (20) operates at the end of the 
last digit, relay STS (32) is operated to prepare 
for an end of signal indication. ??? ?? 

Since it was assumed that the called line des 
tination was Media, 6-7890, in addition to relays 
A2(2) . 1 a ** ? " ? 

C2 (29), C4 (29), Do (29), Di (29), E (31), E (3), 
F"2(3), F7 (3), G4 (3) and G7 (3) will be op 
erated. 
When the originating register recognizes that 

pulsing has been completed, it operates relay 
MSE (25), operating the originating register 
marker connector to associate itself with an idle 
marker as described in detail in the above-identi 
fied Busch application. 
The originating register then passes the calling 

line location over a plurality of conductors identi 
fied as cable -25C, through the originating 
register marker connector to the calling line loca 
tion checking registers of the marker and passes 
the office code of the called line number over a 
plurality of conductors included in cable -25D 
through the originating register marker con 
nector to the called code registers of the marker. 
The marker employs the office code registration 
to determine Whether the call is to be terminated 
locally or is to be extended to a trunk outgoing 
to another office. If the call is to be completed 
locally, the marker seizes an intraoffice trunk, 
after Which it Operates a relay Such aS relay 
N() causing the numerica desigration of the 
called line to be set up simultaneously on the 
called numerical registers and the called number 
trailsfer checking registers. The marker then 
galls in a number group circuit to determine 
te location of the callëd line and proceeds to 
connect the called line with the selected intra 
office trunk, after which it connects the calling 
ling to the same trunk, thereby completing the 
connection between the calling line and the called 
line, after which the marker releases. 

If the call is to be extended to a distant office, 
the marker Seizes an idle trunk leading to that 
office and an idle outgoing sender to serve such 
trunk, after which it operates a set of relays 
represented by relay KC) which connect the 
numerical conductors incoming from the origi 
nating register to a corresponding set of conduc 
tors, represented by cable -25E leading to the 
outgoing Sender connector and therethrough to 
the outgoing sender. Relay K() also closes cir 
cuits for transmitting the called office code from 
the registers to the outgoing sender. At the same 
time the complete designation is set up on the 
called number transfer checking registers. The 
marker then commects the cali?ng line with the 
selected trunk and releases, leaving the further 
extension of the connection under the control 
of the outgoing Sender. 
When relay MST (25) operates, it disconnects 

ground from conductor 252 leading to the auto 
matic monitor, thereby opening the operating 
circuit above traced for relay RPS (2) and per 
mitting pulsing ended relay RPE (2) to operate 
in the locking circuit of relay RPSf (2). 

Relay RPE (2) in operating openis the circuit 

and A4(22), relays Bt (29), B2(29), 
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for relayL (20) to prevent the monitor from regis 
tering any further pulses. In case the register 
has to return a coin or make a two party or coin 
test before seizing a marker, it operates relay 
MST (25) before these operations take place as 
described in the aforementioned Busch appli 
?ation, and the operating ground för rélay 
MST (25) is extended over contact 2 of relay 
ÎMÖ (25), coñiductor 256 throughi cable 6-25, cóñ 
tact of relay OOR (6) to battery through the 
winding of relay EMP(6). In this case, relay 
EMP (6) operates to open the operating circuit 
för relay L (2) àñd prevênt thì? r?gistratiõñ Öf 
furthér pulses. 
When relay RPE i (2) operates, it closes at its 

contact 3, an obvious circuit for operating the 
auxiliary pulsing ended relay PEA(2). Relay 
PEA (2), at its contact is, further opens the oper 
ating circuit of relay RPSi(2). At its contact 
3, relay PEA (2) connects ground to conductor 
293, completing a circuit over contact 4 of relay 
PH(29), when th?t relay releases ?t th? end of 
the last digit, conductor 2009 to battery through 
the winding of relay PECT). Relay PE(A) 
COrinectS ground over its contact 2 to conductor 

i.e. which extends through cable 4-8A, over 
contact of relay AS (2f ) conductor 206 through 
cable 4-8C, contact 3 of relay (8) to con 
ductor 2; and thence through cable 4-8B, 
over contact i of relay CLA(Ë4), conductor 47, 
contact of relay CLSA.(21) contacts O of relays 
CRSA(2) and ASA(2), conductor 227, con 
tacts G of relays BSA (28), ESA (28) and 
IDSA (23), conductor 28 , contacts D of relays 
ESA (38) and FSA(30), contact 6 óf relay 
GSA (30), conductor 30, contact 5 of relay 
STS (3) to battery through the winding of relay 
ST (32). Relay ST7 (32) operates in this circuit 
a.ind locks over its contact 3 and conductor 3200 
through cable 5-22 to ground at contacts 6 of 
relay ONR(5). 

Relay PE() is made slow to operate and its 
circuit is carried over a back contact of relay 
PHC2a) to insure that the steering circuit will 
have advanced before the circuit of relay ST7 (32) 
is closed. If the designation dialed uses less than 
Seven digits, the circuit closed by relay PE(7) 
Operates the No. 7 register relay of the register 
following that used for the last dialed digit. For 
example, if the office called has a two digit code, 
steering relay GSA (30) would be operated foll 
lowing the dialing of the last digit, and the cir 
cuit closed by relay PE(f7) would be direct?d to 
relay G7 (3d). The circuit closed by relay PECT) 
is carried over a back contact of relay AS(2) 
to prevent operating relay A (225 on a permanierit 
Signal, since the register does not operate the 
corresponding relay under a permanent signal 
condition. 
When relay. RPE (2) operates, it closes a cir 

cuit from battery through resistance STC f(2), 
contact? of relay RPEf (2), conductor 204, con 
tact of relay RCA (), conductor (, contact 
2 of relay NRR( ), contact 2 of relay TRB (7), 
conductor f79, contact of relay TRC (EO), con 
ductor 002, through cable 5-foA to the winding 
of monitor preference relay MON (5) at the 
master test frame connector. This circuit ex 
tends to ground over contacts of a chain of 
marker preference relays so that the monitor 
cannot Seize the test frane connector if a. marker 
is also trying to seize the connector to make a 
trouble record. The circuits of the test frame 
connector are disclosed in more detail in the above 

is identified application of O. H. Williford, 
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if the connector is idle, relay MONC5) oper 
ates, locking to ground at its contact f. 
With relay PEAC2) operated, a circuit is pre 

pared extending from ground through the wind 
ing of relay MMC), conductor 708, contact 8 
of relay STM (6), conductor 64, contact 4 of 
relay MTR(0), conductor 0.93, contact f of 
relay PEA(2), conductor 205, contact 3 of relay 
DOR (6), conductor 6 5 through cable 6-25, con 
tact 5 of relay M (25) to conductor 2507. When 
the originating register marker connector oper 
ates in response to the operation of relay 
MST (25) to connect the originating register 
with an idle marker, conductor 2507 is extended 
through the marker connector to the selected 
marker where it extends to battery through 
the winding of relay MON (), operating that 
relay as an indication to the marker that the 
call is being monitored. 

Relays MM(7) and MON (f) operate in this 
circuit, relay MON () closing a locking circuit 
for itself over its contact 4, conductor 02, con 
tact of relay CKG (5), which operates as soon 
as the marker is seized, conductor 64 through 
cable 5-0B to ground through the winding of 
relay MMIC7). 
The conductors of cable 5-GH are connected 

in multiple to all markers, but since the relay 
MONC) can be operated in only one marker 
at a time, they constitute an individual direct 
connection between the marker associated with a 
monitored call and the monitor. 
When relay MON (f) operates, it opens the 

circuit of relay OST2(5) which controls the tim 
ing of a registration transferred to an outgoing 
Sender to prevent the start of this timing func 
tion until the monitor has received certain infor 
mation from the marker. However, when moni 
toring On an Originating register, the monitor 
does not require this information and therefore 
with relay RPS (2) operated, a circuit is closed 
from ground at contact 2 of relay RPS (2) over 
conductor 206 through cable 5-10B, over con 
tact f of relay MONC ), conductor 03 to bat 
tery through the winding of relay SCT (5) which 
closes at its contact an alternative circuit for 
relay OST2(5), permitting the latter relay to 
operate independent of relay MONC). 
Whenever the test frame connector is busy, 

relay ON (5) is operated, connecting ground over 
its contact 4 to conductor 50 í through cable 
5-0A to the automatic monitor where it ex 
tends over contact 3 of relay CICO), conductor 
004, contact 2 of relay MTR1 (iT) to battery 

through the winding of relay TRB (7). Relay 
TRB(f) operates in this circuit and at its con 
tact 2 opens the previously traced circuit for 
relay MON (5) for seizing the test frame com 
nector. With relay TRB(i) operated, when 
relay MMC) operates as above described, a cir 
cuit is closed from ground over Contact 2 of relay 
ONM2(7), conductor 799, contact of relay 
MM(7), conductor 70, contact of relay 
RTC2C O), conductor f005, contact of relay 
TRB (7), to battery through the upper wind 
ing of relay NRR (7). Relay NIRR (7) oper 
ates and locks over its contact to ground on 
conductor 709, independent of relay TRB (7) 
and further opens the operating circuit of relay 
MONC5). Under this condition the monitor does 
not attempt to check the number, but releases 
as on an abandoned call as will be described 
hereinafter. 
ASSuming that the test frame connector is idle 

and relay. MONC5) operates as above described, 
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it closes a circuit over its contact 2, -conductor 
502 through cable 5-foA, to battery through 
the Winding of relay CI(f 0). Relay CIC O) op 
erates, opening the operating circuit for relay 
TRB (7). At its contact 5, relay CI(0) connects 
ground over conductor 006 through cable 5-OA 
to battery through the winding of relay ON (5) 
to make the test frame connector busy to other 
circuits. At its contact 7, relay CI(10) closes 
an obvious circuit for relay CIE (0). 
Relay CIf (0) at its contact 5 closes a circuit 

from ground over conductor 00 through cable 
f f-f 4B to battery through the winding of multi 
contact relay MCB (33). At its contact 6, relay 
CIf (0) closes a circuit from ground over con 
ductor f08 through cable 7-26 to battery 
through the winding of multicontact relay 
MCA(27). Relays MCA(27) and MCB(33) op 
erate to connect groups of leads from the moni 
tor to the test frame connector. 

Relay ON (5) closes an obvious circuit for relay 
RM? (5) which operates, connecting ground over 
its contact 3, conductor 503 though cable 5-10A, 
contact 2 of relay CICO), conductor 009 to 
battery through the winding of relay MTR (7). 
Relay MTRi (AH) operates, locking over its con 
tact f to conductor 503, independent of relay 
CI()). Relay MTR (7) further opens the cir 
cuit of relay TRB(7). 
In addition, relay CI(6) closes a circuit from 

ground over contact t of relay TRR (7), con 
ductor 1702, contact f of relay CI(0), con 
ductor ( 0 ), through cable 5- i 0B, contact 7 of 
relay MION (f) in the marker, over conductor 04 
to battery through the winding of relay MKB (5) 
which is individual to this marker in the master 
test frame connector. Relay MKB (5) operates a 
plurality of multicontact relays, represented by 
relay BCD (5) to connect the marker with the 
test frame connector. 
The physical location of the calling line is 

recorded over the leads closed by relay MCA(27) 
indicated by cable 5-27A, which extends through 
cable 5-27C to the master test frame connector 
Where these conductors are connected over con 
tacts of the multicontact relays represented by 
relay. BCD (5) to a plurality of conductors rep 
resented by cable -5A which are branches of 
the circuits, represented by cable -25C, over 
which the originating register transfers the call 
ing line location to the marker. This informa 
tion is Stored only for use in case a trouble 
record is required. 
The calling line location is made up of five 

items, namely, the tens digit and the units digit 
of the line link frame number on which the line 
appears, and the vertical group, horizontal group 
and Vertical file in which the line is located. 
The tens digit of the frame number is recorded 

by operating one of four relays FTO to FT3 (not 
shown). The units digit of the frame number is 
recorded by operating two of the five relays 
FU0 (32), FU (32), FU2 (32), FU4 (32) and 
FU7 (32). Two of the six relays VG0 (32), 
VG? (32), VG2 (32), VG4(32), VG7 (32) and 
VG? () (not shown) are operated to give the ver 
tical group of the calling line. Two of the five 
relays HG 6 (32), HG- (32), HG:2(32), HG4(32) 
and HGF (32) are operated to record the hori 
Zontal group, while one of the vertical file relays 
WF (32) to WF(32) are operated. 
In addition, a record is made of the number of 

the marker which is handling the monitored call. 
For this purpose, relay MCA(27) closes a circuit 
from grOund OWer its contact 45, conductor 27.00, 
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through cable 5-22, to the master test frame 
connector, where it is extended over contact 8 
of relay MBKC5), which is individual to the 
marker ) of Figs. 1 and 5, to conductor .504 
through.cable 5-27D, contact30 of relay MCAC2), 
conductor 20 through cable 27-32 to battery 
through the winding of relay M0 (32). Relay 
MO(32) operates and locks over its contacts and 
conductor 320i through cable 7-28 to ground at 
contact 8 of relay ONM f(7). The calling line 
location relays also lock to conductor 320. 
The called line number is passed from the orig 

inating register to the marker by grounding cer 
tain of the conductors of cable -25D. These 
conductors are extended over the branch circuits 
indicated by conductor -5B to the master test 
frame-connector where they are further extended 
over contacts of the multicontact relays repre 
sented by relay BCD (5) što cables 5-33A and 
*5-2C and thence over contacts of multicontact 
trelay MCB (33), through cables 22-33, 29-33A, 
29-33B, 29-33C, 3 | -33A, 3-33B a nöd 3-33C to the 

- ?hae?king registers of Figs. 22, 29 anöd’33. Assum 
*ing that the :number has been i correctly trans 
smitted by the Originating register, relaySKA2 (22), 
KA4(22), IKB (29), "KB2 (29), KC2 (29), KC4 (29), 
KD (28), KD7(29), "KE (33), KE7(33), KF2(33), 
3KFI (33), KGA (33) and KG (33) will be operated. 
In addition, relay KST(32) will be operated. 
All of these relays lock to conductor 3200. 
When the marker has reached the point of 

operating the channel hold magnets, it connects 
ground to conductor 05 to operate relay 
HMS ( ) as previously mentioned. A branch of 
this conductor now extends over a contact. On 
one of the multicontact relays at the master test 
-frame connector represented by relay BCD (5), 
over-conductor 505 through eable 5-27C, contact 
44 of relay MCA (27) in the automatic monitor, 
- conductor 2702 through cable T-28, contact 4 of 
relay. ORN (6), conductor -66, to battery through 
the upper winding of relay RTC? (0). Relay 
RTC (0) operates in this circuit and closes a 
ilocking circuit for itself from batterythrough its 
slower winding and over its contact 3, conductor 
"G to ground at contact 5 of relay ONM2(T). 
At its contact , relay RTC (0) opens the cir 
cuit of relay MONC5) in the master test frame 
connector, causing that relay to release, Relay 
MON (5) opens the circuit of relay CI(9) in the 
monitor, which in turn disconnects ground from 
-conductors OS and Of G to release relays ON (5), 
MKB (5) , and the multicontact relays represented 

, by relay BCD (5) in the test frame connector, to 
restore the connector to:normal; and disconnect 
the marker from the automatic monitor. The 
irrelease of the marker proceeds as described in 
the above-mentioned Busch application. 
Relay CI(f6) also releases relays MCA (27) and 
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PE(2), conductor 64 to ground at contact 3 of 
relay ONM2(7). Relay CKS (f7) operates in this 
circuit, locking over its contact to ground on 
iconductor f764, and initiates the checking of the 
number as received by the originating register 
against the number as transmitted from the reg 
ister to the marker. 
In the registers of Figs. 22, 29 and 31, each relay 

used in registering the dialed number as received 
by the monitor is paired with a corresponding 
relay which records the number passed from 
register to marker. For instance, relays AO (22), 
Aé (22), A2 (22), AS (22) and A (22) are paired, 
respectively, with relays KA0(22), KAI“ (22), 
KA2(22), KA4(22) and KAT (22). The checking 
path is wired either through the back contacts 
of a relay pair in series, or over a parallel path 
through the front contacts of the pair in series. 
Hence, completion of the checkpath requires that 
the two numbers be exactly the Same. In the 
present case the checking circuit may be traced 
from battery through resistance CKS (f7) over 
contact 4 of relay CKS (), conductor 705 
through cable ! 4-8A, contact 4 of Irelay ºf iRGi 4), 
conductor f409, over contact of relay TDM(5) 
or over contact f of relay if' (5), contact of 
relay 2' (5), contact 3 of relay Pl (15), con 
ductor 597, normally closed contacts of relays 
"TIC (45), S (5), Sol (15), conductor 502, con 
tacts of relays S.2 (22) and SO2(22), which 
relays are not used in the call above outlined, 
conductor:2292, contact of relay DCR (2), con 
‘ductor 2204, back contacts of relays KA0(22) 
and A (22), KAS (22) and A (22), front contacts 
2 of relays KA2 (22) and A2 (22), KA4(22) and 
A4 (22), back coritacts of relays K.A. (22) and 
AG (22), conductor'2203, back; contacts of relays 
KB3(28) and BO (29), front contacts 2 of relays 
KB (29) and Bl:(29), KB2 (29) and B2C29), back 
contacts of relays KB4 (29) and B4 (29), 
KB (29) and B7 (29) and in series over Similar 
spaths through the 'C,E), E, F, and G registers to 
conductor 39, front contact 2 of relay'KST7(32) 
and front contact of relay ST1C32), conductor 
3252'through-cable í{1-18A to ground'throughithe 
winding of relay CKN (48). Relay CKNC8) by 
operating indicates that the numbers received 
from the two sources-are the same and locks over 
its contact 3 to battery, on conductor 705. 
At the same time that relay CKS (f7) con 

nected battery to the above-traced checking cir 
cuit, it connected ground from conductor if off 
cover its contact 5 and conductor f706 to battery 
through the winding of relay CKECf8). Relay 
CKE(8) is slow to operate to permit relay 
CKNC 6) to operate if the checking circuit is 

: complete. If relay CKNC8) fails to operate, re 
lay CKE (8) closes a circuit from ground at con 
tact 4 of relay ONM2O7), conductor T08, con 
tact 5 of relay NRRC), conductor 800, contact 
of relay CKEC 8), contact f of relay:CKN (8), 

'conductor i707 to battery through the winding 
cof relay TRRf (7). Relay TRRC57) operates 

Relay RTCGG) at its contact 2 closes an obvi- 65 in this circuit, locks over its contact to ground 
ous. circuit forrelay RTC2(-0). RelayRTC2 (10) 

... operates and opens the circuit of relay N.R.R.C.) 
to prevent that relay from operating if relay 
TR3 ( ) is operated in response to an immediate 

on conductor 708 and initiates the making. ‘of 
a trouble, recorö. - 

"If relay CKNC8) operates to indicate a suc 
cessful check, relay. CKE(8) closes a circuit 

reseizure of the master test frame connector by a 70 from ground-on conductor 800 over its contact 
marker wishing to make a trouble-record. 
At its contact 2, relay RTC2(6) closes a cir 

cuit from battery through the Winding of relay 
gCKSCST), conductor TQ3, contact 2 of relay 

and contact 2 of relay CKN (8), conductor 380, 
contact of relay TRR2(0), conductor of 3, 
"contact 2 of relay MM(7), which released when 
the marker released, contact? of relay ONMCT) 

RTC2(0), conductor of2, contact I of relay is to battery through the winding of relay RN(T). 
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The circuit of relay RN (7) is controlled by re 
lay MMCT) to insure that the marker involved 
in the call releases before the monitor. Relay 

- MONC ) of the marker is therefore held operated 
So that, if the marker encounters trouble, it can 
indicate on the trouble card that it was moni 

. tored: This arrangement also prevents simul 
taneous connection. With more than one marker. 

. . Relay RN(T) in operating, opens the locking 
circuit for relay DOR(6), which in turn opens 
the holding circuits for relays MO (25) and 
MB (25) in the originating register, thereby dis 
connecting the monitor from the register. 

Relay DOR(6) also releases relay ORN(6), 
which in turn releases relays ONM (7) and 
ONM2(7). Relay DOR(6) also releases relay 
MK(4) and relay DON (20). Relay ONM (T) re 
leases relay MAC2(6), MPC (6) and the calling 
line register relays. Relay ONM2(7) releases re 
Ilay CKS (f7). Relay DONC20) releases relay 
ONR(5) which releases the called line number 
registers. 
In addition relay ONM (7) releases relay 

MSR (3). This relay is slow to release to permit 
all of the monitoring relays to release before re 
„leasing relay MISRI (3). When relay MSR | (3) 
releases, it opens the circuit of relay MBN(3) per 
mitting that relay to release, in turn releasing 
those marker busy relays which are not held op 
erated by busy markers to restore the circuits for 
the marker preference relays of idle markers and 
thereby to permit the monitor to receive another 
-call; . 

- . . . Allotter circuit 

The release of relay ONM (T) disconnects 
ground from conductor 707, thereby opening the 
holding circuit for relay APACT), permitting that 
relay to release and leaving relay APB (7) op 
erated and locked under the control of relay 
(STM 1 (3). Relay APB (7) holds relay OR (3) op 
erated to cause the monitor to again monitor on 
an originating register. 
When the monitor is next seized, and relay 

ONM (T) operates as above described, ground 
connected to conductor 707 is extended over con 
tact of relay APA (T), contact 2 of relay APB(T), 
"contact 3 and winding of relay APC(7) to bat 
tery. Relay APC(T) operates and locks over its 
contact 4, contact 5 of relay APD(T), conductor 
700 to ground at contact 3 of relay STM? (3) 
At its contacts 5 and 6 it transfers the locking 
:circuit of relay APB (7) from conductor T 00 
which is grounded under the control of relay 
STM (3) to conductor 707, which is grounded 
under the control of relay ONM f(7). Therefore, 
-at the end of this call relay APB (7) is released 
and relay APC(7) held operated. 

... In a similar manner relays APD(T) to APK (7) 
I of the allotter chain are operated one at a time, 
successively at the beginning of subsequent calls, 
locking under the control of relay STM? (3) to 
"remain Operated over the interval between calls 
and transferring the locking circuit of the pre- . 
ceding relay in the chain to the control of relay 
ONM (1) so that the preceding relay releases 
at the end of the call. Relay APKCT) locks over 
contacts on relay APACT) and closes an operating 
circuit for relay APACT) at its contact so that 
the allotter chain operates continuously as long 
as the monitor is working. 
: -- Relays APA (7), APB (I), APC (7), APD (T), and 
APE(T) close an operating circuit for relay OR(3) 
so that for five steps of the allotter the monitor 
monitors on originating registers. With relays 
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APFCT), APG (7) and APH (7) operated, ground 
is connected to conductor 70, operating relay 
OS (3) to prepare the monitor to monitor on out 
going senders, while with relays APJ (TI) and 
APK(7) operated, ground is connected to con 
ductor if , operating relay IR(3) to prepare for 
monitoring on incoming registers. The pro 
gression is always in the Order given, with at least 
one step for each type of circuit. However, with 
this limitation, contacts 7 of relays APB (T) to 
APJ () may be connected as desired to the wind 
ings of relays OR(3), OS (3) and IR (3) to cor 
relate the monitoring with the traffic. 

Automatic advance allotter 

If the monitor is not used for a given time, for 
example one minute, means is provided to ad 
vance the allotter one step. This is to prevent 
the monitor remaining in the incoming register 
or out-Sender monitoring positions during periods 
When interoffice traffic is light, 
Whenever the monitor is in service, one of the 

allotter relays is operated and ground is con 
nected to conductor 7 3, completing a circuit 
over contact 3 of relay TAP (3) to battery 
through the winding of relay TAP2(3). Relay 
TAP2(3) operates and at its contact 2 removes 
a shunt from the timing condenser TAPC) and 
at its contact 3 connects ground through the 
winding of relay TPA? (3) over conductor T5 to 
this condenser, which starts to charge in series 
with the timing resistance TAP3 (7) and --130 
volt battery. While the monitor is handling a 
call, relay MSR (3) is operated as previously de 
Scribed and a shunt is closed around condenser 
TAP (3) through resistance TAP2(7), conductor 
? Í 4, contact í of relay TAP2(3), contact I of re 
lay MSR (3) and conductor 75, discharging the 
Condenser and holding it discharged until the end 
of the monitoring operation, at which time this 
shunt is opened and the condenser starts to 
charge. - 

If no call is received during the time interval 
for which condenser TAP(7) and resistance 

50 

5 5 

60 

it) 

75 

relay TAP (3) operates 

TAP3(1) are adjusted, the condenser voltage, ap 
plied to the control electrode of tube TAP (T) 
rises to the point where the tube will ionize and 

across the main gap of 
the tube. 

Relay TAP (3), in operating, at its contact 4 
connectS conductor 74 to conductor 75 dis 
charging condenser TAP (). At its contact 3 
it opens the circuit of relay TAP2 (3) but the 
latter relay is slow to release and therefore re 
mains operated for an interval. At its contact, 
relay TAP (3) grounds conductor 707 to operate 
the next allotter relay and at its contact 2 it 
grounds conductor 612 to operate relay MSR(3). 
Relay MSR (3) operates relay MSR (3) as pre 
viously described to simulate a call so that, if 
the monitor is progressing from one to another 
type of monitoring it will not be seized in con 
nection with a call already in progress. 
When relay TAP2(3) releases it releases relay 

TAP (3) which releases the previously operated 
allotter relay, releases relay MSR(3) and recloses 
the circuit of relay TAP2(3) to initiate another 
timing cycle. 

Monitoring om outgoing senders 
When the allotter relay APF (7) operates, it 

operates relay OS (3) as above described, but relay 
OS (3) is generally ineffective until relays APIE (7) 
and OR(3) release at the end of the last moni 
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toring operation on the originating registers. 
However it immediately closes a supplementary. 
holding circuit for relay STM2(3) at its contact 5. 
Relay OS (3), also connects ground over its con 
tact 4 and conductor 34 to all markers, where, 
in the markers in which relay SON () is oper 
ated beeause that marker is handling an out 
Sender class of call, this ground is extanded over 
a contact on relay SON (f) to conductor to 
provide a locking circuit for the aSSociated 
marker busy relay when relay MBN(3) releases 
at the end of the previous call, to prevent the 
late Seizure of that marker as described above. 
When relay OR(3) releases, it disconnects 

ground from conductor 3 to terminate requests 
from the markers for originating register moni 
toring. 
When a marker, for example the marker of 

FigS. 1 and 5 now is Seized to handle a call Which 
requires the use of an outgoing sender, the route 
relay R() which dettermines that a sender is 
required, Operates the out sender group relay 
OSG(), which in turn operates relay SON (f) 
connecting ground from conductor 34 to con 
ductor 100, thereby operating the aiSSociated 
marker preference relay MPC (4) in the manner 
previously described. 
Since relay ORC3) is now released and relay 

OS (3) operated, relay MPO(4) closes a circuit, 
from ground over contact 5 of relay MSR, (3), 
contact 5 of relay OR (3), contact 6 of relay 
OS (3), contact 4 of relay CMES(3), conductor 
35, contacts 4 of relays MP9 (4), NiF5(g) and 
the intermediate marker preference relays, con 
tact 3 of relay MPO(4), conductor 482, to battery 
through the winding of relay . MONC) in the 
associated marker. Relay MONC) operates, 
locking over its contact 4, conductor 52, contact 
of relay CKGE (5) conductor f4 through cable 
5-10B, contact 8 of relay STM (6), conductor .68 
to ground through the winding of relay MM(7). 
Relay MM(7) does not operate at this time since 
it is shunted by the operating ground for relay 
MON(t). Relay MON () closes a circuit from 
battery through the winding of relay MON (5), 
conductor 566, contact 8 of relay MON (), con 
ductor 6 through cabe 5-B, contact. 4 of relay 
RTC (6), conductor 134, contact 4 of relay 
N.R.R. (7), conductor 9 to ground at contact 3 
of relay TM (?). Relays MON(t) and MON (5) 
prepare the marker for nonitoring. 

Relay MON () at its contact 3, extends the 
operating ground for relay SON () of the 
marker, over conductor í 67, contact i? of Irelay 
STMC6), conductor 67, contact of relay 
RPS (2), conductor 20 to battery through the 
upper winding of relay SON (6) of the monitor. 
Relay SON (6) operates in this circuit, and locks 
in a circuit from battery through its lower wind 
ing and over its contact 8, conductor 3:8, con 
tact. of relay MSR (3), conductor 763, to ground 
at contact. of relay STM(6). 
Relay SON (6) at its contact , grounds con-. 

ductor 603 to operate relay. CMS(3) and open the 
operating circuit for relay MONC) in the marker, 
that relay being held operated over its locking 
circuit. Relay MM() now operates. 
At its contact 4 relay SON (6), grounds con 

ductor 607 to operate, relays ONMIf (7) and 
ONM2(7), in turn operating relay MSR.(3), which 
in turn operates relay MSR (3). Relay MSR (3) 
closes a circuit from battery through the Wind 
ing of relay MIBNI (3) contact, I of relay: OS (3) 
to ground at contact 4 of relay. MSR (3). Relay 
MBN (3) operates, to in turn operate the marker 
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busy relays and open the operating circuits of 
the marker preference relay. MPO(4) as above 
described. - 

Relay. CMS(3) is operated early so that, if the 
marker abandons the call before the marker busy 
relays operate, a second marker cannot operate 
its MON {I) relay, and relay SON(6) is locked 
OVer a back contact of relay MSR (3) So that, 
once the monitor is seized on an out sender call, 
it Will advance to the point of operating the 
marker busy relays to test the markers for calls 
in progress before accepting new calls. 

Relay ONM () operates relays TMAC), an 
TMB (8) to start timing and grounds conductor 

to operate the next relay in the allotter chain, 
relay APG (), as above described. 
Relay SONC) at its contact connects battery 

Supplied through resistance STC (2) and Over 
conductor 208 to conductor 204 to complete the 
previously traced circuit for operating relay 
MON (5) at the naster test frame connector to 
Seize that circuit as previously described. 

In the meantime the marker has been Selecting 
an idle outgoing Sender and operating the out 
going sender connector, which is shown in skeler 
ton form in Fig. 25, to connect the Selected Sender 
With the marker. 
These operations, which are described in detail 

in the previously identified Busch application, 
include the operation of a marker preference 
relay MP (25) on the outgoing sender connector 
associated. With the Selected Sender, Which lockS 
and grounds conductor 255 to inform the marker 
that the connector has been seized, and the Oper 
ation of a sender group relay OSCA, followed 
by the operation of a multicontact relay MAC25) 
individual to the marker, a multicontact relay. 
SA (25) individual to the group of senders in 
cluding the Selected Sender and an auxiliary relay 
SO(25) individual to the Inarker and Sender. 
These sender relays are associated with the dial 
type out sender shown in Fig. 24. 
While, in service, a seperate connector would be 

used for different types of Senders, for conven 
· ience, multicontact relay SA (25) and Si (25) 
associated with the multifrequency type out. 
Sender shown in Eig. 34, have been shown as a 
part of the same connector. 
With relays MA(25) and SAO (25) operated 

the called line number registers of the Sender are 
connected over a plurality of conductorS repre 
sented by cable -25E to the marker where these, 
conductors are further extended over the con 
tacts of relays K(1) to the code registers of the 
marker and to to the conductors incoming from 
the called line number registers of the originating 
register. 
Relay S0 (25) extends a number of control con 

ductors between the marker and the outgoing 
sender, including operating circuits for relayS. 
ONI (24) and AV(24). Relay ONI (24) is oper 
ated as soon as the Sender is connected. With the 
marker, in turn, operating relay SB (24) to make 
the sender busy and to supply off-normal grounds 
for the sender. Relay AW (24) is operated: when 
the marker has completed its function, to advance 
the sender to transmit the called line number to 
the distant. Office. 

In addition, relays MA(25) and SA (25) comi 
plete a circuit from ground over contact 3 of re 
lay SON (6), conductor 69, contact - 5 of relay 
SON (O), conductor i 95, through cable: 5- ?OB, 
contact 3. of relay. MON{{} of the marker, COne 
ductor 08, oyer contacts of relays. MA(25) and 

5 SAG (25), in the sender connector, conductor 255. 
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to battery through the winding of relay M(24) 
in the selected sender. Relay M(24) connects 
the selected sender with the monitor. 
With relay M(24) operated a circuit is closed 

from ground at contact of relay STM(6), Con 
ductor. 703, contact 3 of relay RN (616), conductor 
60, contact 6 of relay SON (6), contact 5 Of re 
lay STM(6), conductor 620 through cables 2-34 
and 24-34, contact 9 of relay MC24), conductor 
2400 through cables 24-34 and 2-34, contact 4 
of relay STM (6), conductor 62 to battery 
through the winding of relay DOS(2). Relay 
DOS (2) operates in this circuit, and closes a 
locking circuit for relay M(24) which may be 
traced from battery through the winding of re 
lay M(24) over its contact 6, conductor 240 
through cables 24-34 and 2-34, contact 3 of relay 
DOS (2), conductor 64 to ground at contact 5 
of relay RN (7). 

Relay DOS (2) also connects ground over its 
contact 2, conductor 299 through cables 2-34 
and 24-34, contact 8 of relay M(24) to battery 
through the winding of the sender busy relay 
SB (24) to supplement the ground Supplied by re 
lay ON (24) and to hold the sender busy after 
relay ON (24) releases at the end of the call. 
When the sender has been connected to the 

outgoing trunk through the outgoing Sender link 
(Fig. 1), ground is connected to conductor 2402 
through cable f-23 from the outgoing sender link, 
operating relay ON(24). A branch of this con 
ductor is extended over contact of relay M(24), 
conductor 2403 through cables 24-34 and 2-34, 
contact 4 of relay DOS (2), conductor 608 to bat 
tery through the winding of relay MAC (6). Re 
lay MAC (6) operates relay MAC2(6) which locks 
as previously described, closing a locking circuit 
for relay SONC6) from battery through the lower 
winding of relay SON (6), contact 8 of relay 
SON (6) conductor 68, contact 4 of relay 
MAC2 (6), conductor 622, contact 2 of relay RN(7) 
to ground on conductor 703. 

Relay DOS (2) when operated, as above de 
scribed, also closes a circuit from ground at its 
contact 7 to conductor Of 3 and battery through 
the winding of relay SON (0). Relay SON (O) 
operates, opening at its contact 5 the operating 
circuit for relay M(24) leaving the latter relay 
locked under the control of relay DOS (2). Re 
lay DOS (2) at its contact grounds conductor 
602 to operate relay DON (20) which in turn oper 
ates relay ORN (fS) as before described. 
When the monitor is set to montitor on out 

going senders, that is with relay OS (3) operated, 
the operation of TRB(i) as an indication that 
the master test frame connector is busy, as above 
described, closes a holding circuit for relay 
MBN (3) which may be traced from battery 
through the winding of that relay, contact of 
relay OS (3), conductor 36 to ground at contact. 
3 of relay TRB (7) to prevent seizure of the 
monitor if the frame connector is busy. 
Assuming that the master test frame connector 

is idle, the operation of relay MONC5) as above 
described, in response to the operation of relay 
SON(6) seizes the connector for use by the moni 
tor, and is followed by the operation of relay 
CI(0) and ON. (2) as described for monitoring 
on an Orginating register. As in that case, relay 
CI(fo) operates relay CI (10) which also oper 
ates relays MCA (27) and MCB (33). In addition, 
with relay SON (O) operated, a circuit is closed 
from ground over contact 4 of relay SONA (0) 
contact 2 of relay CICO), conductor f0.7 
through cable 7-26 to battery through the wind 
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ing of relay MCC (27) which connects the regis 
ters of Fig. 26 over cable 5-27B through cable 
5-2C with the master test frame connector. In 
addition, ground over contact 2 of relay SONC6) 
and conductor 623 is extended over contact 3 of 
relay CIA (10) and conductor ie 8 through cable 
-4B to battery through the windings of relays 

MCJ (4) and MCI(4) which provide for the 
registration of additional items of information 
which the marker may transmit to an outgoing 
Sender. 

Relay CICO) also operates relay MKB (5) in 
dividual to the marker at the master test frame 
connector, which in turn operates the multicon 
tact relayS represented by relay BCD (5) to Con 
nect branches of the conductors, Over which the 
narker transfers the calling line number, the 
called line number and other information to the 
Sender, to the conductors leading to the auto 
matic monitor. 
The calling line location, which is passed to the 

outgoing Sender only for the purpose of control 
ling automatic accounting equipment, is passed 
to the automatic monitor only for use in case a 
trouble record is to be made. 
With relay MCC (27) operated the location of 

the Selected trunk is registered on the registers 
of Fig. 26. For this purpose, relay MCC(27) con 
nects battery through resistance TRA, over its 
contact 56, conductor 203 through cable 5-2.) 
to the master test frame connector, contact of 
relay MKB (5), conductor 507 to the trunk line 
frame and over contacts of relays used in con 
necting the selected trunk with the marker to 
conductors included in cable -5C, over contacts 
of the multicontact relays represented by relay 
BCD (5) conductors of cable 3-27B, contacts of 
relay MCC (27) to registers in Fig. 26. The switch 
On which the trunk appears is identified by op 
erating one of the relays LC0 (28) to LC3 (26); 
the level of the switch by operating one of the 
relays LW2 (26) to LV9 (26) and the appearance 
of the trunk in that level by operating either re 
lay FAK (26) or FBK (26). The marker also 
closes a circuit for operating one of the frame re 
lays FSO(2) to FS 9 (27). 
The called line number is transferred over 

the conductors of cable -5B, contacts of relay 
BCD (5), cables 5-33A and 5-27C, contacts of 
relay MCB (33) to operate the relays KA (22) to 
KG (3) and KST. (32) of the checking registers 
in the manner previously described. However, 
the marker may instruct the sender to modify 
this number before it is pulsed out and for this 
purpose transmits to the sender a class indica 
tion, a digit deletion indication and an arbitrary 
digit indication as described in the aforemen 
tioned Busch application, .. 
These indications are also passed through the 

master test frame connector to the automatic 
monitor over circuits not shown and contacts 
of relays MCJ (14), MCI(I4). Most of the class 
indications do not affect the monitor. However 
One class indication requires the sender to trans 
mit a prefix and in that case the marker 
grounds Conductor 403, completing a circuit 
over contact 7 of relay MCIC 4), conductor 404, 
contact 5 of relay TD? (5), conductor 503 to 
battery through the lower winding of relay 
CL (f4). Relay CL (4) operates and locks in a 
circuit from battery through its upper winding 
and over its contact 3, conductor 485, contact 
5 of relay CLS (2), conductor 284 through cable 
-4B to ground at contact 7 of relay SONA (). 

Relay CLA(4) also operates over this locking 
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bircuit. Relay CLI (4) and CLA(f4) prepare 
the nionitor to receive the preliminary digits 11 
from the Ötitgoing Sender. 

If an arbitrary digit is to be transmitted by the 
Sender the marker groinds two of the conductors 
1420 to 42 to operate two of the relays KR)(22) 
to KR7(23). With any One of the relays KR0(22) 
tò KRT (22) operated, a circuit is closed from 
battery through the winding of relay DCR, (2), 
conductor 235, contacts of the operated ones 
of the relays KR0 (22) to KR7 (22), conductor 
204 through cable - 53 to ground at contact 
7 of relay SON (9). Relay DCR, (2) prepares 
the digit steering circuit for the reception of the 
arbitrary digit and opens a by-pass in the check 
ing circuit around the contacts of the KR and 
CR register relays. 

If any digits are not to be dialed, the marker 
grounds one of the conductors 43 f to 435, op 
erating one of the relays DL (2 ) to DL6 (39). 
Relay BL, (24) is associated with the A digit and 
relay DL6 (33) is associated with the next to last 
or F digit. If one of these relays is operated it 
indicates that the Sender has been instructed not 
to send out that digit or any previous digit. 
-Assuming that the call being monitored does 

not require the transmission of any preliminary 
digits, either or an arbitrary digit, and that 
the office code is also not to be sent out, relay 
CL (14) will not be operated. Nor will any of 
the relays KR0 (22) to KRT (22) be operated, and 
relay EL3 (23) will be operated. Relay DL3 (28) 
locks in a circuit from battery through its upper 
winding and over its contact 4 to ground over 
conductor-2:04 as above traced. - . 
The multicontact relays MA (25) and SAO (25) 

of the outgoing sender connector are normally 
held by the marker only for a timed interval long 
enough to register and check the information 
passed to the out going sender. In order to be 
sure that the monitor obtains the information 
passed to the sender, relay MON (f) opens the cir 
cuit of relay OST2 (5) which controls the start of 
the timed interval as above described. SSSqS 
When relays MCI (; 4) and MCJ (4) operate 

they close a circuit from ground connected to 
conductor í 433 by the marker when ready to 
transmit this information to the sender, contact 
8 of relay MCI(; 4), contact of relay MCJ (i.) 
to conductor 29s to complete the circuit pre 
viously traced for operating relay SCT(5) which 
re-closes the circuit for relay CST2(5) to permit 
the time interval to be measured and the multi 
contact relays of the outgoing sender connector 
to be released. * 

When the marker is ready to operate the hold 
magnets to compete the connection between the 
calling trunk and the selected outgoing trunk, 
relay HMS ( ) is operated. The operating cir 
cuit for relay HMS (; ) is extended as previously 
traced to conductor 2 : 02. With relay SONi (8) 
Operated this ground is further extended over 
contact 6 of relay SON; (A) and conductor is 
to battery through the upper winding of relay 
TLG (7). Relay LG (; ) operates and focks 
over its contact 4 and conductor to ground 
at contact 5 of relay ONMI2(?). At its contaets 
!, 2 and 3, relay TLG (!?) connects ground to con 
ductors is 3, SS and 2 which extend through 
cable f7-2 to battery through the windings of 
relay LVG (27), LCG (27) and FSG (23) respec 
tively. These relays operate to provide individual 

???(28), FBK.(26), ??? (25) to L?9(25), 
LCE (28) to LC9 (23) aid FSG (2') to FSS (2): 

locking grounds for the operated ones of relays 
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Relay FSG (27) atits contactº 2 also grounds con 
dictor 25 to provide a locking ground for the 
bperated ones of relays TF (32) to TFT (32), 
FG) (32) and FG (32). 
With relays FSG (27), LCG (27) and LWG (27) 

operated, a circuit is closed from ground over 
contact of relay FSG (27), contact of relay 
ECG (27), "contact - of relay - TVG (27), conductor 
6t6 to battery through the upper winding of re 
lay RTC (0), operating relay RTC (6). Re 
lay RTC? (6) operates relay RTC2(0) and 
brings about the release of the master test frame 
connector, disconnecting the monitor from the 
marker as previously described. 
With relay RTC2C-0) operated, a circuit is 

closed from ground over contact 6 of relay 
RTC2(I0), contact 2 of relay SON (10), conduc 
tor - 590 through cable - 4B, contact of re 
lay ONRC 5), conductor - 400 to battery through 
the winding of relay MK(; 4) and in parallel with 
relay MK (4) over the back contact of that re 
lay, contact 5 of relay CLt (14), conductor 2-0-1, 
contaet 2 of relay ECR (2), contact 2 of relay 
EDLit (21), conductor 2868, contact 2 of relay 
PL2(28), contact 3 of relay DL:3(28), contact 3 
of relay DS (28) to battery through the windings 
of relays DS (28) and DSA(28) in parallel, oper 
ating the latter relays. With relay DSA(28) top 
erated the pulse registering conductors from the 
pulse counting relays of Figs. 13 and 20 are ex 
terided to relays D0629) to D7 (29) to register the 
first digit received from the sender on the D 
register. Since reay PE(TE) has not operated, 
relay RTe2(0) is not effective to start the 
checking of the number as when monitoring the 
originating register. 
When the marker has connected the calling 

line with the outgoing trunk and is ready to re 
lease, it closes a circuit for operating relay AV(24) 
in the outgoing sender: Relay AW (24) locks to 
ground supplied by relay ON (24) and establishes 
á vcönnection between conductors 2404 and 2405; 
which are corneeted through the outgoing Sender 
link to the outgoing erid of the trunk circuit, to 
indicate tö the distant office that the Serdêr iš 
reacy to transmit pulses and to test whether the 
equipment at the distant office is ready to ree 
ceive them. When the trunk test is completed, 
the trunk test equipment is removed and relay 
TT (24) is operated. The trunk test equipment 
hiáš mðt béeñ shown širice it iš well-known in the 

When Félay ON(24). Ôper?tès, as above ?e: 
scribed, it connécts ground to conductor 246 
closing a circuit through the voltage divider re 
sistanges AB(24) and BA(24) and connecting 
gröünå över contalët 2 of relay TT (24) to the windings of relay PG(24) in shunt of battery 
through resistance BE (24). This ground is also 
onnected to condenser PG (24) which is con 
nected in series with the upper winding of relay 

and to the armature of relay PG(24). 
W. ré a circuit exists from reduced battery potential from the voltage divider, through the 

windings of relays CKP (24) and P(24) and the 
lower winding of relay PG(24) to ground on con 

ctor 2406. Relays P(24) and CKP (24) are 
polarized,and are so energized in this circuit that 
relay, P(24) holds its contact closed and relay 
CKP(24) holds its contaet 2 closed. Relay PG(24). 
is a non-biased polar relay and is energized to. 
hold its contact open. 
When relay Tri (24) operates it disconnects. 
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ground from resistance BE (24) and the ener 
gization of relays PG(24), P(24) and CKP (24) 
is reversed, relay CKP (24) closing its contact 
and relay P(24) opening its contact to transmit 
a simulated dial pulse over the trunk to the dis 
tant office. Relay PG (24) is energized in a direc 
tion to close its contact but is delayed by the 
current flowing through its upper winding while 
condenser PG(24) charges from battery through 
resistance BE (24). When the current in the up 
per winding decreases sufficiently, relay PG(24) 
closes its contact, connecting ground to resist 
ance BE (24) and reversing the current flow 
through the three relays to cause relay CKP(24) 
to reclose its contact 2, relay P(24) to reclose 
the line and relay PG(24) to attempt to open its 
contact. Relay PG(24) is again delayed by the 
discharge current from condenser PG(24) so that 
a series of timed pulses are transmitted over con 
ductors 244 and 2405 to the distant Office. The 
closures of its contact by relay CKP(24) are 
counted by a set of pulse counting relays and 
when a number of pulses has been sent corre 
Sponding to the registration set up on the called 
line number registers, relay BD (24) is operated 
to connect ground to resistance BE (24) and stop 
the transmission of pulses. - 
The manner in which the number of pulses is 

controlled and the advance from digit to digit 
is well-known and has not been shown. When 
the last digit registered has been sent out, relay 
EP (24) is operated, connecting ground to resist 
ance BE (24) to stop the pulsing. 
When relay TT. (24) operates to initiate puls 

ing, it closes a circuit from ground at contact 
of relay ON(24), contact 2 of relay EP (24), con 
tact f of relay TT. (24), contact T of relay M(24), 
conductor 2407 through cables 24-34 and 2-34, 
contact I of relay DOS (2), conductor 29 to bat 
tery through the winding of relay DSMC12). 

Relay DSM(2) connects the tip and ring con 
ductors 244 and 2405 over contacts 4 and 5 of 
relay M(24), conductors 2498 and 2409, through 
cable 2-6 and contacts 2 and of relay 
DSM(2) to the dial pulse amplifier. The pulses 
are counted as described for the originating reg 
ister. Since relay DSA(28) is the first sitesering 
relay operated, the first digit is registered on the 
D register and the advance to subsequent registers 
takes place as above described. 
When relay EP (24) is operated in the outgoing 

Sender, its operating ground is extended over con 
tact of relay M(24) conductor 240 through 
cables 24-34 and 2-34, contact 5 of relay DOS (2), 
conductor 2 to battery through the lower wind 
ing of relay SFPE (7). Relay SPF (7) oper 
ates: in this circuit and closes a locking circuit 
for itself from battery through its upper wind 
ing and Over its contact 2, conductor to 
ground at contact 5 of relay ONM2(T). 

Relay SPE ( ) connects ground to conductor 
203, completing a circuit as above traced for op 
erating - relay PE(7) as soon - as relay PHI(2) 
releases following the registration of the last digit. 
Relay. PE(T) operates relay ST7 (32) as above 
described. With relay PE(f7) operated the cir 
cuit of relay CKS (7) is closed and that relay 
operates to close the number checking circuit. 
This circuit may be traced from battery through 
resistance CKS () over contact 4 of relay 
CKS ( ), conductor 705 through cable 4-8A 
and thence to conductor 224 as previously traced, 
over contact of relay DL3 (28), thereby by-pass 
ing the A, B and C registers on which no regis 
tration was made, over corresponding contacts 
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on the relays of the numerical registers and the 
corresponding checking registers to conductor 
3 and over contact 2 of relay KST. (32) and 
contact of relay STI (32) to conductor 3202 
and ground through the winding of relay 
CEKIN ( ; 8) . 
Relay CKE (8) is operated as previously de 

Scribed and, if relay CKN (8) operates to indi 
cate a satisfactory check and relay MMIC) is 
released to indicate that the marker has released, 
relay RN () operates and locks. 

Relay RNC) releases relay M(24) in the Sender 
and relay SON (6) and DOS (2) in the monitor. 
The furtheir release of the monitor is the Samle as 
described for the operation with the originating 
register. 
The allotter is advanced as a jove described and 

is set to monitor on outgoing senders in the next 
two positions, with relays APG (7) and APHI(7) 
operated. 
When relay APJ () operates at the beginning 

of the sender monitoring operation controlled by 
allotter relay APH (7), a circuit is closed from 
battery through the winding of relay IR(3), con 
ductor to ground at contact 7 of relay APJ (7): 

Relay IR (3) at its contact 2 closes a holding 
circuit for relay STM2(3). At its contact 3, relay 
IR (3) closes a circuit from ground to conductor 
3; and battery through the winding of relay 
IRB (2) which prepares the amplifier circuit for 
incoming register monitoring. When relay 
MSR. (3) operates in response to the operation of 
relay SON (6) it closes a circuit from ground over 
its contact 2, contact 5 of relay IR (3), conductor 
38 through cable 3-4 to battery through the 
winding of relay RBN (8). Relay RBN (8) con 
nects ground through the conductors of cable 
4-8 to battery through the lower windings of the 
incoming register busy relays IRBO(4) to IRB9 (4) 
to prevent the seizure of the monitor by an in 
Coming register at this time. It may be noted 
that, although for convenience the number of 
incoming registers has been indicated as te, the 
actual number Would probably be greater. 
When relay MSR (3) releases at the end of the 

outgoing sender monitoring operation, relay 
RBN (8) is released, in turn releasing relays 
IRBO(4) to RB9 (4) if none of these relays is held 
Operated from an associated busy incoming reg 
ister. When relay APH (7) releases, relay OS(3) 
releases, leaving the monitor ready to monitor on 
inconing registers. 

Monitoring incoming registers 

When a call comes into the office from a dis. 
tant dial office, the incoming trunk causes the 
operation of the incoming register link to asso 
ciate an idle incoming register of the proper type 
With the trunk. These operations are described 
in detail in the previously identified Busch appli 
cation. Referring to the abbreviated showing of 
an incoming register link in Fig. 9, the trunk 
operates a trunk preference relay TP (9) which 
in turn operates the register preference relay 
RP(9) of the first idle register of the asso 
ciated group Over the back contact of the reg 
ister busy' relay individual to that register. Re 
lay RP (9) operates, locks and grounds con 
ductor 9 ? to operate relays ON ( 6) and RB (9) 
in the selected register. Relay ON ( S) supplies 
off-normal ground for use by the register, while 
relay RB(9) closes battery through a resistance 
to the operating circuit for relays RB(9) etc. in 
the various incoming register links to mark the 
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register unavailable. With relay RP(9) operated, 
ground from the back contact of relay RIK(9) 
is extended over contact 6 of relay RP (9) to the 
winding of the register busy relay RB(9) in the 
register link over which the register was seized 
to prevent the operation of relay RB0 (9) and the 
opening of the circuit for the register preference 
relay RP (9). 

Relay RP (9) closes the circuit for operating the 
select magnet SEL (9) corresponding to the 
Selected register in the link SWitch, the select 
magnet closing a circuit under the control of 
relay TP (9) for operating the hold magnet 
HOLD (9) individual to the incoming trunk in 
the link switch, thereby closing cross-point 90 
to connect the trunk to the register, after which 
relay RLKC9) operates, permitting relay RB(9) 
to operate, and preference relays TP(9) and 
RP (9) are released. Relay RLK(9) closes a lock 
ing circuit for relay ON (9). 
While relay RP(9) is operated, it operates the 

trunk frame and trunk number cut-in relays 
TF(9) and TN (9). Relay TP (9) grounds cross 
connecting terminals TTN (9) and TF (9) indi 
vidual to the incoming trunk. Terminal TF(9) is 
cross-connected to contacts of relay TF(9) to set 
up a registration over conductors, extending 
through cable 9-6, of the trunk frame number 
at the trunk number register of Fig. 16. For local 
trunks terminal TNI (9) is connected to terminal 
TN2(9) to transmit a class indication over con 
tacts of relay TF(9) and through cable 9-5 to 
registers included in the trunk number registers 
of Fig. 16. For certain trunks stic as tandern 
trunks the number of the trunk is required by 
the marker and for Such trunks, terminal TNI (9) 
is cross-connected to terminal IN3 (9) to operate 
an auXiliary preferance reay AP (9) which SUp 
plies both the trunk number and the class indi 
cation to the trunk number register in the incoln 
ing register. 
The register is arranged to receive pulsing from 

two different types of trunks, namely by-link 
trunks and direct dialing trunks. By-link trunks 
are those on which pulsing may start soon after 
the trunk is seized, whereas direct dialing trunks 
are those on which pulsing Will not start until a 
start dialing signal is given. To indicate to the 
register the type of pulsing to be expected, ground 
is connected over contact 3 of relay TF (9) to 
terminal D(9) Which is connected either over ter 
minal BL (9) to conductor 9 to operate the by 
link relay BL(6) or over terminal DP (9) to con 
ductor 992 to operate the direct dialing relay 
DP (9), all tha trunks connected to a particular 
register link being of one type. 

If the incoming trunk is a by-link trunk a 
preliminary pusing circuit or by-link is estab 
lished which extends from the trunk, where it is 
grounded by a pulsing relay connected to the 
incoming trunk, over conductor 93, contact of 
relay TP(9), contact 3 of relay RP(9), conductor 
600, contact 5 of relay DP (9), resistance BI (9), 
conductor 904, through the upper left winding of 
repeating coil TN(t) to battery through the 
middle winding of pulsing relay L. (6). If puls 
ing starts before the operation of the link switch, 
the pulses are repeated over this by-link to the 
incoming register. 
When the link switch cross-point 9 is closed 

with relay BLC 6) operated, conductor 395, which 
is connected to the pulsing conductor 903 in the 
trunk circuit, is extended over contact 2 of CrOSS 
point 900, contact 2 of relay ON (f6), conductor 
906, contact 3 of relay BL(6), conductor 600, 
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contact 5 of relay DP (9), resistance BL (9) to 
conductor 96 and thence as above traced to the 
winding of relay L. (6). Relay BL (6) connects 
battery through resistance R, over its contact , 
conductor 60, contact of relay ON(9), con 
tact of cross-point 9 to conductor 97 which 
in a by-link trunk holds a relay. Operated to 
maintain the pulsing circuit. 

If the incoming trunk is a direct pulsing trunk, 
the closure of cross-point 990, with relay DP (9) 
operated, connects the tip conductor 90 of the 
trunk over contact of cross-point 99, contact 
i ofrelay ON(A6), contact of relay DP (9), con 
tact of relay RW (6), conductor 94, upper left 
winding of repeating coil TN (6) to battery 
through the middle winding of relay L. (6). The 
ring conductor 95 of the trunk is extended 
over contact 2 of cross-point 90, conductor 906, 
contact, 2 of relay ON (5), contact 2 of relay 
DP (9), contact 3 of relay RW (6), conductor 908, 
lower left Winding of repeating coil TNC 6) to 
ground through the lower winding of relay L. (6). 
The closure of this circuit indicates to the dis 
tant office that the register has been connected. 

Relay DP (9) connects relay RW (6) to a tim 
ing circuit which operates relay RW (6) after a, 
reasured interval. Relay RW (9) reverses the 
connection of battery and ground through the 
windings of relay L. (6) to the trunk conduc 
tors as a start dialing signal. Relay RW (6) 
also operates relay RW (6) to transmit dial 
tone over the trunk as an audible start dialing 
signal to an operator who may be waiting to 
dial. 
The pulses received over the trunk are re 

sponded to by relay L(6), are counted by the 
pulse receiving relays and stored on the called 
line number registers in a manner similar to the 
operation of the originating register of the 
previously-identified Busch application. 
When the number has been received, relay 

MS(s) is operated to cause the incoming 
register marker connector to connect the register 
with an idle marker and the called line number, 
the trunk number and associated information 
are transmitted over cables -6A and -6B 
through the incoming register marker connector 
to the marker, the connector operating relay 
INC() to prepare the marker for handling an 
incoming call. 
With the monitor prepared to monitor on in 

coning registers, when the incoming register of 
Figs. 9 and 16 is seized by the incoming register 
link, operating relay RP (9), ground is connected 
over contact 8 of relay RP (9) and conductor 99 
to the monitor, where it extends over a normally 
closed contact on relay SPR, (8), conductor 8, 
contact of the associated incoming register 
busy relay IRB)(4), winding of the register 
preference relay TRP9 (4), conductor 403, contact 
of relay IR (3), contact 3 of relay OS (3) to bat 

tery. Relay IRPC (4) occupies the preferred 
position in the preference chain and operates, 
disconnecting battery from the other preference 
relays to prevent their subsequent operation. 
With relay IRP (g) operated, a circuit is 

closed fron battery through the Winding of re 
lay MC6) in the incoming register, conductor 
ig2 through cable 2-6, contact 4 of relay 
TRP (4), contacts 5 of the other preference re 
ays, including relays II RP5 (43) and RP9 (?), to 
ground. Relay MC 6) operates to connect the 
incoming register with the monitor. Ground is 
connected over contacts of the other preference. 
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relays, IRP9 (4), IRP5(4), etc., contact 2 of relay 
IRPO(4), conductor 404 through cable 2-i6, to 
battery through the winding of relay M3 (16) 
Relay MB (6) operates, disconnecting relay 
RB(9) from the operating circuit in parallel with 
relay ON (6) and closing a direct operating cir 
cuit for relay RB(9) to hold the register busy 
under the control of the monitor. - 

În addition, if conductor 99 is grounded to 
operate relay B, (6) in the register to prepare 
it for by-link operation, a branch of this con 
ductoris extended through cable 2-6, over con 
tact 5 of relay. IRP(t), contacts 8 of relays 
IRP5(4), IRPS (4) etc., conductor 45, contact 

of relay STM (6), conductor 624, to battery 
through the winding of relay BLM(2), operating 
that relay to connect the dial pulse amplifier 
to the pulsing circuit of the incoming register. 
This circuit is closed at this time since by-link 
pulsing may start very soon after the trunk is 
connected to the register. Relay 3LM(2) also 
closes a circuit from ground over its contact 2, 
conductor 295, contact. of relay RA (2) to 
battery through the winding of relay PHC29). 

Since the preference relays are individual to 
the registers they also serve to selectively operate 
relayS, DIR(2) or MR(2) in accordance With the 
type of pulsing to be expected. Since the incon 
ing register of Figs. 9 and 16 receives dial type 
pulses, relay IRP0(A) closes a circuit from ground 
oyer contacts 3 of relays IRP9 (4), IRP5(4), etc., 
contact 3 of relay IRPO(4), conductor (6 
through cable 4-6, contact of relay STM (6), 
conductor S25 to battery through the winding of 
relay DIR (2) to prepare the monitor for moni 
toring on a dial type incoming register. 

Relay DR. (2) closes a locking circuit for re 
lay IRPO(4) which may be traced as above from 
battery through the winding of relay IRP)(4), 
contact 6 of that relay, contacts 9 of relays 
IRP5 (4), ERP9 (4) etc., conductor 497, contact 2 
of relay DIR. (2), conductor 69, contact 3 of re 
lay RN (7), conductor 793 to ground at con 
tact T of relay STM (6). Relay DIR, (2), at its 
contact 8, closes an obvious circuit for operating 
relay IIRN (2) . At its contact T, Irelay DIR (2) 
connects ground to conductor $92, operating re 
lay DON (29) to prepare the dial pulse counting 
circuit for receiving pulses. - 

if the incoming register has been seized by a 
direct pulsing trunk, when relay RW (8) operates 
to transmit the start dialing circuit to the call 
ing office, it also corrects gro ind oyer its con 
tact 6, conductor 99, contact 3 of relay M(6) , 
conductor 63 through cable 2-6, contact of 
relay) IR (2), conductor 22 to battery through 
the winding of relay DPM(A2). Relay PPM (2) 
operates to connect the dial pulse amplifier to 
the incoming register. 
With either relay BIM (*2) or DPM (*2) oper 

ated, conductor 286 leading to the pulse ampli 
fier is connected to conductor 22, through cable 
2-6, contact of relay MC 6) to conductor 9.4, 

in parallel with the middle winding of relay 
L(f6), while voltage compensating conductor 23 
is connected to conductor 234 through cable 
2-6 over contact. 2 of relay MC 6) to conductor 

908 in parallel with the lower winding of relay 
I,(6). 
When relay IRN (2) operates in response to the 

operation of Irelay DIR (2) as above described, it 
connects ground over its contact to conductor 
607 to operate relays ONM () and CNM2() 
and over its contact 6 to conductor 500 to oper 
ate relays MK (14), AS (21) and ASA(2í). 
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Relay ONM () operates relays TMAC) and 

TMB (8) to start the timing operation, connects. 
ground to conductor 7 to advance the allotter, 
and Operates relays MSR (3), which function as 
previously described. 
When relay M(; 3) is operated in the incoming 

register, it extends conductor 9, over which 
relay ON(í6) is operated and locked, over con 
tact 5 of relay MC 6), conductor 656, through 
cable 2-6, contact 6 of relay DDR (2) to con 
ductor 63 to operate relays MAC (6) and 
MAC2(6). A circuit is also closed from ground 
at contact 3 of relay CN (i G) over the back coh 
tact of the marker start relay MST(6), con: 
ductor 92, contact 8 of relay MCAS), conductor. 
67 through cable 2-6, contact 5 of relay. 
DR. (2) to conductor 633 to operate relay. 
RP3 (2). The reception, counting and registra 
tion of the digits of the called line number take 
place as described for the originating register. 
When relay MST (6) in the incorning register 

is operated to call in a marker, relay RPE t (2). 
operates in the locking circuit of relay RPS (2). 
as previously described, in turn operating relay 

At the end of the last digit relay 
PII (20) releases, operating relay PE (F) which 
operates relay ST; (32) or the No. 7 relay in one 
of the registers if less than Seven digits are 
received. 
Relay RPE (2) initiates the connection of the 

monitor with the master test frame connector, 
resulting in the Operation of relays MON (5), 
ON(5) and RM () in the connector and relays 
CI(3), CIA (9), MCA(2) and MICB (33) in the 
monitor as previously described. 

Relay PEA (2) closes a circuit from ground 
through the winding of relay I/IM(7), conductor 
708, contact 3 of relay STM.(6), conductor 64, 
contact 4 of relay MTR(!9), conductor í 903, 
contact f of relay PEA (2), conductor 255, con 
tact 4 of Irelay DIR (2) , conductor 2 i 3 through 
cable 2-3, contact 4 of relay M(6) in the in 
coming register, conductor .698, through the in 
coming register marker connector to battery 
through the Winding of relay MCIN (2) in the 
marker. With relay ACN (2) operated, relays 
MKB (5), BCD (5) and SCT (5) are operated as 
before. With relay RN (2) operated, relay 
CIA (6) closes a circuit from ground at contact 
5 of relay IRN (2), conductor 2 is, contact 2 of: 
relay CIi (), conductor 3 through cable 
í 1-26 to battery through the winding of relay 
MCC (27). - 
The called number is passed from the marker 

to the monitor over contacts of relay MCB (33) 
and is registered on the checking registers as pre 
viously described. No calling line location is 
registered in the marker and therefore no such 
registration is made in the monitor. However, 
the number of the trunk link frame is passed 
over certain conductors of cable -5A, contacts 
of multicontact relays represented by relay 
BCD (5), conductors of cable 5-2A and contacts 
of relay MCA (26) to registers in Fig. 32. The 
units digit of the frame number is registered by 
operating two of the relays TF3 (32) to TF (32) 
and the tens digit by operating either FGS (32) 
or FG (32). 

In addition the location of the incoming trunk 
on the trunk link frame, is registered on relays 
FAK(26) or FBK(26), one of the relays LV2(26) 
to LV8 (26), one of the relays LCO (26) to LCS(26) 
and one of the relays FSC (27) to FS:9 (27) as 
previously described. 

In the case of a tandem trunk, the trunk. 
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number, indicating the line link appearance of 
that trunk, is stored in the trunk number register 
of the incoming register, is passed to the marker 
over conductors of cable f-f 6B through the in 
coming register marker connector and is further' 
passed to the monitor over cable -5C, contacts 
of the multicontact relays represented by relay 
BCD (5), conductors of cable 5-2EB, through 
cable 5-27C, contacts of relay MCC (2) to the 
registers of Fig. 26. This number is a three 
digit number and two of the relays HTO to HT7, 
two of the relays Te to TT and two of the 
relays UT0 to UT are operated. 
When the marker is ready to operate the hold 

magnets to complete the connection between the 
incoming trunk and the called line, it operates 
relay HMS ( ) and the operating ground for 
that relay is extended as previously traced to 
conductor 2.92 and over contact 3 of relay RN () 
to conductor 9 and to battery through the 
upper winding of relay TiG (7). Relay TLG ( ) 
operates relays LVG (27), LCG (2) and FSG (2) 
to lock in the trunk location registration. In 
addition relay LWG (27) connects ground over its 
contact 2 to conductor 274 to provide a locking 
circuit for the trunk number register relays if 
such a number has been registered. 
As previously described, relays LWG (2i), 

LCG (27) and FSG (2) operate relay RTC (: ) 
to start the release of the master test frame con 
nector which takes place as described for moni 
toring the Originating register. 
For a local incoming trunk the nUmier check 

ing operation also takes place as described for 
monitoring the originating register, resulting in 
the operation of relay RiN(?). 

Relay RN(T) locks under the control of relay 
ONM (7) as previously described and opens the 
locking circuit for relay IRP0(4), releasing that 
relay. Relay IRPO(4) in releasing opens the cir 
cuit of relay M(f6) in the incoming register to 
disconnect the register from the monitor and per 
mit the register to release. Relay IRP0(4) also 
releases relay MB (6) in the incoming register 
and the latter relay releases, in turn releasing re 
lay RB(9) to restore the register to service. 

In addition, relay TRPO(4) releases relay 
IDIR (2) which in turn releases relay IIRN (2) and 
relays ONMI (7) and ONM2(7), followed by relay 
RN(T). Relay ONM (7) releases relay APJ (T) 
and the allotter advances to prepare the monitor 
for again monitoring on an incoming register. 

Monitoring on multifrequency senders and 
registers 

In general, monitoring on multifrequency send 
ers and registers differs from the operations above 
described chiefly in the means used for receiving 
the multifrequency pulses. For a disclosure of 
arrangements for receiving and for transmitting 
line designations by means of multifrequency 
pulses, reference may be made to Patent 
2,382,893, granted August 14, 1945, to B. McKim 
and O. Myers. 
A multifrequency outgoing sender is shown in 

Fig. 34. The selection of the sender by the mark 
er and the transmission of the called line number 
to the sender and to the monitor takes place as 
described for the dial type sender, relays S. (25) 
and SA (25) being operated in the outgoing 
sender connector, and relay M(34) being oper 
ated in the outgoing sender to indicate that the 
call is being monitored and to connect the sender 
with the monitor. 
When relay SONC6) operates, it closes a cir 
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cuit from ground at contact 7 of relay STMC6), 
conductor T03, contact 3 of relay RN (T), con 
ductor 610, contact 6 of relay SON (6), contact 5 
of relay STM (6), conductor 620 to the attached 
outgoing sender, over contact 3 of relay M(34), 
conductor 3400 through cable 2-34, contact 3 of 
relay STM(6), conductor 626 to battery through 
the winding of relay MOS (2). Relay MOS (2) 
performs the same functions as relay DOS (2) ex 
cept that, at contact 6 it connects ground over 
conductor 25 to battery through the winding of 
relay MFS (ii), where relay DOS (2) operated re 
lay DON (20). 
In the outgoing Sender the pulses generated by 

the multifrequency Signal supply under the con 
trol of the called line number register are trans 
mitted through repeating coil T(34) to conduc 
tors 340 and 3402 leading through cable -23 to 
the outgoing Sender link and thence to the tip 
and ring conductors of the trunk outgoing to the 
distant office. - 
With relay Mi(34) operated, conductors 340 

and 3602 are connected over contacts 7 and 8 of 
relay M(34) to conductors 3403 and 344 leading 
to the monitor. 
When relay MFS ( ) operates as above de 

Scribed, it connects ground over its contact and 
conductor 02 to battery through the winding of 
relay MFIN(8). Relay MFN (8) at its contact 
5 connects ground to conductor 2000 to operate 
relay ONR (5). At its contacts 9, and , re 
lay MFN (8) connects off-normal batteries to the 
multifrequency receiving circuit. At its contacts 
and 8 relay MFN (8) closes a circuit through 

the lower winding of relay PTO (8) in a direction 
to Operate it and at its contacts 7 and 3 closes a 
circuit through the upper winding of relay 
Pt( 3) in series with condenser PT (8) and 
resistance PTi (8) in the non-operate direction. 
Ground is normally connected to conductor 805 
by the multifrequency receiving circuit in shunt 
of condenser PT. (; 8) to energize the upper wind 
ing of relay PTO (8) and this circuit is effective 
to hold the contact of relay PT6(8) open. 

Relay MFSC) connects conductors 3403 and 
3404, over its contacts 3 and 5 and contacts 2 and 
4 of relay MFR( ) to the right windings of re 
peating coil MF2(f). It also connects the right, 
or output Winding, of repeating coil MF ( ) over 
contacts 7 and 9 of relay MFR(1) through pad 
MF(f) over its contacts 6 and 7 to conductors 
f03 and O4 leading to the multifrequency re 
ceiving circuit. *, 
The left or output winding of repeating coil 

MF2( ) is connected through condenser MF3(f) 
to the grids 3 and 7 of the vacuum tube MF( ). 
Current flows in a circuit from --130 volt battery 
over contact 2 of relay ACC 9), conductor 909, 
resistance MF5(it), left or input winding of re 
peating coil MF ( ), through the plate to cath 
ode circuit of the vacuum tube MF( ), resistance 
MF ( ) to ground, producing a voltage drop 
acroSS resistance MF ( ). This voltage drop is 
impressed across the grid-cathode circuit and 
Serves to automatically adjust the plate current. 
Condenser MF (fi) is shunted across resistance 
MF ( ) in order to maintain the grid bias at a 
Constant average value when a modulating alter 
nating current voltage is impressed on the grid 
during pulsing. A fraction of the alternating 
current voltage at the plates of tube MF( ) is 
fed back to the grid through the voltage divider 
circuit which consists of condenser MF2(f), re 
sistance MF2(f) and resistance MF3 (). 
Each signal sent by the multifrequency sender 



consists of two out of five audio frequencies which 
may be designated 0, 1, 2, 4 and 7. In addition, 
a key pulse signal using frequency 2 and a sixth 
frequency designated 10 is sent first as a gate 
opener signal and a start signal consisting of 
frequencies 7 and 10 is sent after the last digit. 
The entire code used is as follows: - " - . . . . 

Digit Frequencies 

3. 
SA ASAAAAAAS SSS SSS S LLSMSMM SSSSA AAAASMAAS AAAAA SAq qqAS S qqAASS SAASAAAAAAS SM MSSS qA AqA S LALAM SMSSSSSSS SSqqqqq qA S Aqqq LLLLL qqASAES qAq qLSLLALA ASASL MLSA EEL SiSAeBSJSAq SASALS SS SLLLLAAAASLLLHHLSE 

Actual frequencies are as follows: 
Cycles per 
Secondº Designation 

700 
900 

1,100 
-1;300 
1,500 
1,700 

The key pulse signal is absorbed by the multi 
frequency receiver. As each subsequent digit is 
received the receiver grounds two of the conduc 
tors. 2010, 2011, 2012, 2014 and 207 which extend 
through cable f4-8B to the steering relays of 
Figs. 14, 21, 28 and 30. - 
When two frequencies representing a digit are 

received, the multifrequency receiving circuit 
grounds conductor 1806, completing a circuit over 
contact is of relay MFN (18), conductor 43 
through cable í 4-18C, contact I of relay T0(14), 
conductor 2006 through cable i4-18C, contact 6 
of relay. MFN (18), conductor. 1807 to the receiv 
ing circuit to operate the channel relays. . 
Assuming that no prefix digits were to be sent 

out and no digits are to be deleted, so that relays 
AS(21) and ASA(2) are operated in response, to 
the operation of relay SON (9) in the manner 
previously described, the two operated channel 
relays will ground two of the conductors 20 
to 2917, and operate two of the register relays 
A0 (22) to Ai (22). 
When two frequencies, have been counted the 

multifrequency receiving circuit connects ground 
to conductor 808 and over contact of relay 
MFNC18) to conductor 2097 to operate relays 
BS (28) and BSA (28), relay BS (28) locking and 
transferring the locking circuit for relays AS (21). 
and ASA(2) in the manner previously described 
At the same time that the multifrequency re 

ceiving circuit grounds conductor (808, it removes 
ground from conductor 1805, permitting con: 
denser. PTi (28) to start charging in series with 
the upper winding of relay PTO (18). This charg 
ing current holds the contact of relay. Pit (8): 
open until the charging current has reduced 
sufficiently to permit the current in the lower 
winding to cause the contact to close. When the 
contact of relay PTO (18) closes, it connects, con 
ductor 2007 over contact 2 of relay. MFN (A8) to 
conductor 2008, thereby - connecting the upper 
winding of relay TO(4) in parallel with resist 
ance T9 (4) and operating relay T0 (4). Relay 
TO(4) disconnects conductor 40 from conduc 
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tor 2006, releasing the channel, relays and locks 
to conductor 4 as above described. When the 
channel relays release, ground is removed from 
conductors i49 and 888 and is again connected 
to conductor 895 causing relays AS (2) and 
ASA(2) and TO(4) to release and causing relay 
PTC (8) to reopen its contact. 

If..less than seven digits are to be sent. Out, for 
example, an operator's code, a start signal is 
sent, in response to which the 7 relay of the asso 
ciated register will be operated and the channel 
f relay will connect ground to conductor 809, 
operating relay 0(8), which locks to conductor 
2000 and connects ground to conductor 40 to 
hold relay TO(4) operated. If a complete desig 
nation is sent out, relay PE(), operates relay 
ST7 (32) as previously described. 
A multifrequency incoming register is shown 

in Fig. 23. An incoming call from an office 
equipped to transmit multifrequency pulses causes 
the trunk to operate the associated register link 
circuit to select an incoming register equipped to 
receive multifrequency pulses in the manner de 
scribed for selecting the dial type register. When 
the hoid magnet of the link switch Operates, relay 
ON(23) is operated. With the link switch oper 
ated the tip and ring conductors of the trunk 
are connected to conductors 230 and 2302 which 
extend through the left windings of the repeating 
coil IN (23) to battery and ground through the 
windings of relay A (23). The multifrequency 
pulses incoming over the trunk are transmitted 
through the right winding of repeating coil IN(23) 
to the multifrequency receiving circuit (Fig. 23) 
which sets the called line number register. The 
trunk frame number is registered, and, in the 
case of a tandem trunk, a tandem indication is given by operating relay TAN (23) and the trunk 
number is also recorded. ---- 

If the monitor is set to monitor on incoming registers, the operation of the register link cir 
cuit operates the associated preference relay for 
example, relay IPR9 (4) as previously described, 
which, in turn, operates relay MIR (2) to inform 
the monitor that it has been seized by a multi frequency incoming register and operates relay 
M(23) in the incoming register to connect the 
register with the monitor. 
In general, the functions of relay. MIR. (2) are 

the same as those of relay DIR. (2) previously 
described, but relay MER(2) at contact 8 connects 
ground to conductor 20 to provide a locking 
circuit for relay TMA(fi) and an operating cir 
cuit for relay TMB (E8) to start the tinning oper 
ation. At its contact 7, relay MIR (?) connects ground to conductor 26 completing -an. operat 
ing circuit for relay. MFR(ii). Relay. MFR( 1). 
at its contacts 6 and 8 connects the output of the 
multifrequency amplifier to conductors VM 
!{04 leading to the multifrequency rect 
circuit. ? - 
With relay M(23) operated, the ingoming tip 

and ring conductors 230 and 2302 are connected 
over contacts, 2 and 3 of relay M.(239 toconductors 
2393 and 2304 which are extended, with relay 
MFR(t) operated, over contacts;3 and 5 of the 
latter relay to the input of the multifrequency 
amplifier. 

Relay. MFR (lf) also operates relay MEN (48). 
to prepare the multifrequency receiving circuit 
for Operation. . The reception and registration of 
the digits takes place as above described for the 
outgoing Sender, while the registration of the 
number as transmitted to the marker. the 
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checking óf the two numbers received and the fur 
ther operation of the monitor are as described 
for the dial pulse type incoming registei'. 
While the monitor as disclosed provides for 

monitoring only on dial type and multifrequency 
incoming registers and outgoing senders, it is 
obvious that it may readily be modified to monitor 
On other types of Such circuitS. 

Abandoned calls 

If a call, which is being monitored, is aban 
doned, the monitor is arranged to release without 
attempting to make a check of the numbers to a 
trouble record, 

It will be remembered that relay MAC (6) was 
operated in parallel with an off-normal relay of 
the circuit being monitored, in turn operating 
relay MAC2(6) which locked, independent of re 
lay MAC (6). 
When the circuit being monitored releases in 3 

response to abandonment of the call, the oper 
ating circuit for the associated off-normal relay 
is opened and relay MAC (6) releases. 

In the case of an originating register the re 
lease of relay MAC (6) closes a circuit from 
ground over contact 3 of relay MAC2(6), con 
tact 2 of relay MAC (6), conductor 627, con 
tact of relay ORN (6), conductor 628, contact 
5 of relay RTC2(C), conductor Si, contact 

of relay TRR2(0), conductor G 3, contact 
2 of relay MM(7), contact of relay ONMI (7) 
to battery through the winding of relay RN (7). 
Relay RN (7) locks under the control of relay 
ONM (7) and causes the release of the monitor 
as previously described. 
When monitoring on incoming registers, relay 

IRN (2) connects conductor 62 to conductor 623 
to permit the release of relay MAC (6) to close 
the above traced circuit for operating relay 
RN(T). This circuit for relay RN () is opened 
by relay RTC2(9) to prevent the normal re 
lease of the register from releasing the monitor. 
When monitoring on outgoing senders, the 

release of relay MAC (6) connects ground to 
conductor 627 as above traced, completing a cir 
cuit over contact of relay SON (6), conductor 
629, contact of relay SPE (7), conductor 80 
and thence as above traced to battery through 
the winding of relay RN (7). Relay SPE (7) 
opens this circuit to prevent the normal release 
of the sender from releasing the monitor. 
Any one of the above traced circuits is opened 

by relay TRR2 (10) to prevent an abandoned call 
from releasing the monitor while the monitor 
is making a trouble record as a result of a time 
out prior to the operation of relay RTC2(9), or 
relay SPEf (f7). 

112X codes 

If service codes using the digits 11 followed by 
one of the digits 0 to 8 are used in the office, and 
a calling subscriber dials such a code into the 
Originating register while it is being monitored, 
relay P(3) remains operated at the end of : 
the first digit, and conductors 299 and 20 are 
grounded as above described, operating relays 
AO (22) and A) 22). Relays A0 (22) and A (22) 
operated, cannot lock, as previously mentioned, 
but when relay RA (20) operates at the end 
of the digit a circuit is closed from ground at 
contact 3 of relay PHC20), contact 3 of relay 
RA (20) and thence as previously traced to 
contact 3 of relay AS(2) and over conductor 
2f O3, contact 3 of relay Al (22), contact 3 of 
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relay A3 (22), conductor 505, contact of relay 
TDMCI5), conductor 1408, contact of relay 
ORM (4), conductor 504, contact 6 of relay 
f' ( 5) to battery through the winding of relay 
(5). Relay (5) operates and closes a 

locking circuit for itself through the winding 
of relay l' (5), contact I of relay I A (5), con 
ductor 506, contact 2 of relay ONR (5), to 
ground. Relay ' (5) cannot operate, being 
shunted by the operating circuit of relay (5). 
When relay RA (20) releases at the beginning 
of the second digit, relay if' (5) operates. 

Relays AC (22) and A (22) are again operated 
by the second digit, grounding conductor 505 
when relay RA (20) reoperates, to complete a 
circuit over contact f of relay TDM(15), con 
ductor 1406, contact of relay ORM (14), con 
ductor 584, contact 5 of relay f'(5), contact 
6 of relay 2' (5) to battery through the wind 
ing of relay f2 (5). Relay 2(5) operates, lock 
ing through the winding of relay 2' (5) to 
ground over conductor 506 and contact 2 of 
relay ONR( 5). Relay 2' (E5) operates at the 
beginning of the third digit which is registered in 
the manner previously described. 
The originating register passes the informa 

tion that a 11 prefix has been dialed by grounding 
a conductor leading to the marker, which, when 
the marker is ready to pass the called line num 
ber to the monitor, is connected to conductor 
27 f, and over contact 4 of relay MCA (27), 
conductor 272 through a cable 7-28, contact 
3 of relay RPS (2), conductor 2 9 through cable 

- 4A, to battery through the winding of relay 
f R(4). Relay R(4) operates and locks over 
its contact 3 and conductor 506 to ground at 
contact 2 of relay ONR (5). 
Under this condition, the checking circuit ex 

tends from conductor 5 to conductor 50 
over contact 2 of relay R(4), conductor f44), 
contact 2 of relay 2' (5) and contact 3 of relay 
PI I (15). 

If an incoming register is equipped to register 
lf prefix codes, a class indication registered in 
the trunk frame register connects ground over 
a contact of the monitor relay in the register to 
conductor f 5 and thence over contact 3 of 
relay DIR(2) or contact 2 of relay MIR(2), 
conductor 220 through cable f-f 4A to battery 
through the winding of relay TDM(5). Relay 
TDM(5) operates and locks to ground over con-. 
ductor 220. 
The reception of the digits by the monitor 

takes place as described for the originating reg 
ister, resulting in the operation of relays il (?5), 

(5), 2 (15) and 2' (f5). Relay R(4) is 
also operated as for the originating register. 
Under these conditions the checking circuit ex 
tends from conductor f795, over contact 2 of 
relay R. (14), conductor 440, either over con 
tact 2 of relay 2' (5) or over contact 2 of relay 
i l' (5) and contact 3 of relay TDM(5), con 
tact 3 of relay Pff (f 5) to conductor 50 and 
thence over the other registers in the manner 
previously traced. 

If the outgoing sender has to transmit a pre 
liminary 11 digit, as previously mentioned, relays 
CL (4) and CT, A(f4) are operated to control 
the registration of these digits. With relay 
CT, A(fA) operated, ground on conductors 200 
and 20 operate relays S (5) and SOf (5). 
At the end of the first digit relay RA (20) op 
erates relays CLS (2 l) and , CLSA (2) and at 
the beginning of the second digit relays CL (4) 
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and CiA (4) release in the manner described 
for the other steering relays. With relays 
CLS (2) and CESAC2i), operated, ground gon 
reced to conductors 2 is and 29 in response 
to the second digit 1, operates relays Si2 (22) and 
SO2622). X 
With relay SON i (i.e) operated to indicate that 

an outgoing sender is being monitored, and 
CIÍ{ $) i operted to indigate that ai, prefix is 
to be expected, a circuit is closed from ground 
oyer contact i. of relay. SON f(i), conductor 
2 64 through cable B, contact is of relay 
CL (4), conductor 44, to battery through the 
winding of relay TD (5). Relay TDi { í5). OP 
erates and locks over its contact 3 to ground 
oyer conductor 234, independent of relay 
CLI (4). 
Therefore, when the checking circuit is closed 

it extends iron cpidustor i Sover contact 
of relay R(ii), conductor f405, contact of 
relay (; 5), contact of relay i' (i.5), contact 
3 of relay Pi (15) conductor 587, contacts 2 of 
relays TD (S), Si i (i F) and SO ( 3), conduc 
tor. 538, contacts 2 of relays S.2 (23) and 
So2(22) to conductor. 222 and thence to the preliminary digit register or to another digit 
register as determined by the operation or non 
operation of relay DCR (25) and of relays 
Lic2 to DL6 (30). 

Timing during monitored calls 
When relay CNMI (') operates, it operates 
sTMA(; ) and TMB (48) as previously 

described. Relay TIMA(A) at its centact opens 
a shunt around condemser ITM (!) i aild at its 
cont?c!. 2 connac ontact. 2 connects ground through the winding 
of relay TMI(7) over conductor 33 to con: denser TIMI ( ) establishing a charging çirguit 
for the condenser which extends from the con 
denser over conductor 5, contact 2 of relay 
TM2(8), through resistance TM3 (E8) to 130 
volt battery. When the potential on congenser 
TM(fi), which is applied across the control gap 
of tube TM (35), reaches the breakdown poten 
tial, tube TMC () becomes conducting and relay 
TMC ) operates over the main gap of tube 
TVI(i)). The values of condénser TMC ft) and 
resistance TM3 (E8) are so chosen that it will 
require from forty to seventy seconds to operate 
relay TM (t). This time is made long enough 
to permit a register to time oit and restore to 
norma bsefore ?ine filolitor tines otit. his pre 
vents the monitor from tining out on partially 
dialed calls. 
As previously descried, relay ''A?t A (; ) lacks 

over contact Sofº relay TMI (E) and conductor 
( ( and operates relay TMB (8) over the same 
conductor, relay TMBG 8) opening the operating 
circuit for relay. TMA ( ). For dial type regis 
ters conductor 3 extends as previously tra C&d 
to ground over contact 5 of relay PST (29). At 
the beginning of... the first digit, relay. PST (29) 
is operated, opening this locking circuit, releas 
ing relays TMA(!) and TMB ( 3 ) . Relay 
TMA ( ), recloses the-shaunt through resistance 
TM2(f) around condenser IMG 5) g discharge 
it. When relay TMB (48), which is slow to re 
lease to allow time for complete discharge of 
the casidenser, releases, the operating circuit for 
relay TMA(; ) is reclosed. At the end of the 
digit, relay RA (25) operates, and at contact 4 
supplies a new locking ground for relay TMA (; ) 
and an operating circuit for relay TMB (8) 
which opens the operating circuit for relay 
TMACt?). At the beginning of the next digit, it 
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relay. RA (29), releases, in turn releasing relays 
TRALA ( ) and TMB (8) to .:. " ??? t:??ning 
operation. This cycle of. operations is repeated 
as each digit is regeived. 

For multifrequency registers, Pel?y MIER G2) is 
operated, connecting ground over its contact 8 
to lock relay. TMA(ii) and operate relay 
i'MB (të) throughout the monitgring. gperation. 
The locking circuit for relay TMA ( ) also 

extends over the normally ciosed contact 2 of 
relay PEA(2). When the register initiates the 
operation of the marker connector to summ 
a marker relay RPEf (2) is operated as described, 
in turn operating relay PTA(2) to stop the 
timing. With relay, PEAC2) operated, the re 
lease of relay TMB (8) closes a circuit from 
battery through the winding of relay TM2(3), 
contact of relay TMBC8), conductor 1810, 
contact 5 of relay PEA(2) to ground over con 
ductor 795. Relay TM2(3) operates, locking 
over its contact á to, conductor i å, independent 
of relay TMB (18). Relay TM2(8) at its con 
tacts 2 and 3 substitutes resistances TM4(8) 
for resistance TM3(8) in the charging circuit 
for condenser TMC (). At its contact t, relay. 
IM2(F85 connects ground to conductor 0.99 to 
supply a new locking circuit for relay TMA(ft) 
and operating circuit for relay T?AB(48). This 
time interval is made less than the time-out 
period of the register to permit the monitor 
to make a trouble record if the register fails to 
get a marker. * ? ? ?? *?? ? ?? 

in the case of a failure of the numbers to 
match, relay TRR (175 is operated as described 
and closes a circuit from ground over its con 
tact 7, conductor fift to battery through the 
winding óf relay. TRR2( 4). Relayº FRR2(?) 
also opens the locking circuit for relay TMACfI) 
and the operating circuit for relay FM.B.(8) 
after which relay. TMA (fi) reoperates to start 
a timing interval for completion of the trouble 
record. . . . . - 

When monitoring on outgoing senders, relay 
TMAC-4) is operated as before in response to 
the operation of relay oNM (7), ang ti ?? 
ing circuit for relay TMA(ii) extend 
viõusly traced over contacts of relays TI 
TRR2C-0) and PEA (25 to conductor 2 
is grounded at contact 5 of relay SON (8). Since 
relay PEA(2) is not operated while monitoring 
an outgoing sender, the timing is not recycled 
except in the case of a failure to match, resulting 
in the operation of relay TRR2 (). A 

If relay TM (t) is operated as a result of the ... completion of the timing operation, it closes a 
circuit from ground supplied from the master test 
frame, over contact 5 of relay STM (3), con 
ductor 39, contact 2 of relay FMi?i) to con 
ductor 75 leading: þ?ck s to the master test 
frame to light a lamp and sound a minor alarm. 
At its egntact , relay. EMECA), closes a circuit 
from ground on conductor 75, contact of relay. 
TMCA), contact 3 of relay:TRR (-i), conductor 
...G. to battery, through the winding of relay. 

Relay. TM-(-i), operates and locks 
to conductor 705, opening at its contact 6 the 
locking circuit of relay, TMAC ) to recycle the 
tinning. Relay TMA(i), opens the circuit of 
relay.T.M.(1) and that relay releases, closing a 
circuit. from ground over contact 6 of relay. 
ONM2(7), conductor 76, contact of relay. 
TMI (fi), conductor 96, contact 4 of relay, 
TM (17), conductor 797 to battery through the 
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When relay TMB (8) releases, relay TMA() 
reoperates, but with relay TM () operated 
relay TMB (8) cannot be operated. However, 
with relay TRR(T) operated, a circuit is closed 
from battery through the Winding of relay 

. TM2 (18), contact I of relay TMB (18), conduc 
tOr 80, contact ?o of relay TRR (7) to ground 
over conductor 705. With relay TM2(8) oper 
ated the time interval to be measured by the 
timing circuit is reduced as above described. 

Trouble reCOrdi 

- A trouble record is initiated by the operation 
... of relay TRR (ÍÍ) which may take place as a 
result of a failure of the numbers to check or as 
a result of a timing operation. 

... With relay TRR (7) operated, a circuit is 
closed from ground over contact of relay 
TRRf (1) and conductor 74 to battery through 
the Winding of relay TRR2, operating the latter. 
relay. Relay TR.Rf (f7) also connects conductor 
39 to conductor if 5 to close the minor alarm 
circuit. In addition, relay TRR (iT) at its con 
tact opens the circuit over which MKB (5) is 
Operated to prevent operating the marker cut-in 
relays at the master test frame. Relay TRR2(0) 
at its contact opens the circuit of relay RN (7) 
to prevent the release of the monitor before the 
trouble record has been completed. 
At its contact 5, relay TRRI (f7) closes a circuit 

from batterythrough resistance STC3 (li), con 
tact 5 of relay TR.R. (7), contact 2 of relay 
NRR (f7), contact 2 of relay TRB(i), conductor 
Í 19Í, contact l of relay TRC(lí)), conductor 
OG2 through cable 5-0A to ground through. 

the winding of relay MON (5) at the master test 
frame connector to seize the connector. 

If the test frame connector is busy, relay 
TRB (7) Will be operated and the circuit for 
Seizing the frame opened. In that case, the 
monitor Will wait for a time interval and release 
as will be described hereinafter. 

If the connector is idle, relay MONC5) oper 
ates, in turn operating relay CI(0) in the moni 
tor, which then operates relay ON (5), followed 
by relay R.M. (5). Relay CIC) also operates 
relay CIf (0), which operates the multicontact 
relays MCA (27), and MCB (33) as previously 
described. With relay TRR2(0) operated, relay 
CI (f) also closes a circuit from ground over 
contact 5 of relay TrER2(f)), contact 4 of relay 
CI (G), conductor 320 through cable - 4A 
to battery through the winding of relay MCE (33). 

Relay Ci (f)) also closes a circuit from 
ground over contact 2 of Irelay TRR (), con 
ductor ill, contact of relay CIE ( ), conductor 
f2 through cable 5-CA, contact 3 of relay 
MON (5) to the trouble recorder to prepare the 
recorder and the marker test frame connector 
to receive a trouble record. 
The relays of Fig. 32 previously operated to 

record the calling line location and marker num 
ber, and the relays of Figs. 22, 29 and 31 operated 
to record the called number as passed to or from 
the marker, extend their locking grounds over 
contacts of relays MCA (27) and MCB (33) 
through cables 5-33A and 5-27A, included in 
cable 5-27C to the master test frame connector. 
Similarly, the locking circuits for the relays on 
which the called number is registered directly 
by the monitor are extended through contacts 
of relay MCE (33) and cable 5-33B also included 
in cable 5-2C to the test frame connector. 
The foregoing information is transmitted ir 

respective of the type of circuit being monitored. 
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to be made of the type of monitoring. 
scribed above, when relay CI (O) operates, re 
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If an originating sender is being monitored, 

ground is connected Over contact 5 of relay 
ORN (6) to conductor 630 through cable 7-28 
and over contact 43 of relay MCA(27) to con 
ductor 2709 leading to the master test frame 
connector to indicate that fact. In addition 
relay MCA(27) connects ground to conductors 
2766, 27.67 and 228, which are extended over 
contacts 4, 3 and 2 of relay MO (25) in the Orig 
inating register to conductors 258, 25.09 and 
250 through cable 5-34 to the master test frame 
connector to record the location of the register. 
A plurality of relays indicated by relay 

ROSE (5) are operated in Sequence under the 
control of the trouble recorder machine to con 
nect the conductors thus extended to the con 
nector in groups to the interpOSer magnets of 
the recorder in Order to punch holes correspondi 
ing to the information set up thereon in a record 
card. 

If an incoming register is being monitored 
relay IRN (2) connects ground over its contact 
4, conductor 28 through cable 7-28 over contact 
42 of relay MCA(2) to conductor 20 leading 
to the test frame connector to cause a record 

AS de 

lay IRN (2) also operates relay MCC (27) to con 
nect the trunk location and trunk number reg 
isters of Fig. 26 to the master test frame con 
nector so that a record will be made of this 
information. The called number recorded di 
rectly by the monitor, the called number passed 
from the register to the marker and the marker 

35 number are recorded. The monitor relay in the 
incoming register, M.(6) or M(23) transmits the 
register location to the test frame connector as 
described for the originating register. 

If an outgoing sender is being monitored, re 
lays MCC (27), MICI(í 4) and MCJ (4) are oper 
ated under the control of relays SON (6) and 
SON (8) in addition to relays MCA(2), 
MCB (33), and MCE (33). Relay MCI(4) which 
is operated only while monitoring outgoing send 
ers, connects ground Over its contact 9 to COIn 
ductor i 407 leading to the master test frame 
connector to cause a record to be made of the 
type of monitoring Operation. The monitor relay 
in the outgoing Sender, relay MC24) or relay 
M(34) furnishes the Sender location to the 
trouble recorder. The record includes the 
marker number, the outgoing trunk location, the 
calling line location, the called number recorded 
directly by the monitor and the called number 
passed from the originating register to the mark 
er and on to the sender. In addition, relay 
TRR2 (fo) closes a circuit from ground over its 
contact 4 and conductor 022 through cable 
-4B to battery through the winding of relay 

TR(2í). Relay TR(21) connects ground to 
individual locking circuits for relays DL (2) to 

i DL6(30) and KRO (22) to KRT (22) which ex 

65 

75 

tend over the operating circuits for these relays 
and contacts the relays MCI(4) and MCJ (4) 
to the master test frame connector to record 
any special information set up on the monitor 
relating to digit deletion and a possible pre 
liminary digit, 
When the recorder has completed its opera 

tiom it transmitS a signal to the master testi frame 
connector which connects ground to conductor 
508through cable S-10A, contact 4 of relay CI(10) 
to battery through the winding of relay TRC(O), 
relay TRC(O) locks Over its contact 2 and Con 



2,508,053 
51. 

ductor f708 to ground at contact of relay 
ONM2(T). At its contact it opens the circuit 
of relay MONC5) to release the master test frame 
connector, and at its contact 4 opens the circuit 
of Irelay DL (i). 
circuit from ground over its contact 3, conductor 

23, contact of key HLD(7), contact. 2 of 
relay ONM (7), contact 2 of Irelay MMI(7), con 
tact of relay ONM (7) to battery through the 
winding of relay RNC) operating that relay tot 10 
restore the monitor to normal. 

If there is an undue delay in the operation of 
the trouble recorder, Or in obtaining access to 
it, So that the timing circuit completes its opera 
tion, to operate relay TM (f7), relay TM (f), 
closes a circuit from ground over its contact 3, 
contact 8 of relay. TRRd (f7), conductor ft 8, 
contact 4 of relay TRC(O), conductor 24, 
through the winding of relay DL () to battery 
supplied at the master test frame. Relay DL(T) 
locks to ground at its contact 2 and connects 
ground over its contact:3 to the test frame to light 
a lamp to indicate that a trouble record was at 
tempted but not completed. It also closes a cir 
cuit from ground Over itS. contact , contact 6 of 
relay. TRR? (IT) to conductor. 1823 to operate 
relay RN(T) and release the monitor and the as 
sociated circuit. 

Monitoring on ome type of circuit 
If it is desired to monitor" on Only one type of 

circuit, the corresponding key. ORC3), OSC3) or 
R(3) is. Operated. . 
. If only originating registers: are to be moni 

: tored, key. OR(3): is operated, before the start 
monitor key. STM(6), is operated. The operation 
of key. STM (6) causes the operation of relays 
STM (6) and STMi (3), relay STM, (3) operating 
relay MBN(3) which in turn operates all of the 
marker busy relays MBG (4) to MB9 (4), as pre 
viously described. With key OR (3) operated, the 
operation of the marker busy relays closes: a cir 
cuit from ground over contacts 3 of relays MB9(3) 
to. MBQ (3), conductor 400, contact of relay 
STM2(3), contact f of key OR(3) to battery 
through the winding of relay:CR (3). Relay gR. (3) 
operates and locks over its contact 2 and contact 
3 of key, OR(3) to ground at contact. of relay 
STM1(3), thereby remaining operated as long 
as key ORC3) remains operated. Key. OR (3) at 
its contact 2 opens, the circuit for relay APACT), 
hereby disabling the allotter, and the monitor 
functions to monitor continuously on originating 
registers. . . . . . . . . . . . . . 

If it is desired to monitor only outgoing senders, 
key OS(3) is operated prior to operating key 
STM (6). When the mark?r busy relays arë op 
erated as above described, ground connected 
thereby to conductor 400 extends over contact 
of relay STM2 (3), contact 2 of key OR (3), con 
tact of key OSC3) to battery through the wind 
ing of relay OS (3). Relay. OS (3) operates and 
locks over its contact 2, contact 3 of key OS (3) 
to ground at contact f of relay STM f(3). Key 
OS (3) at its contact 2 opens the circuit of relay 
'APA (T) to disable the alotter. with relay os(3) 
operated, ground is connected to conductor 3.4 
to prepare for the seizure of the monitor by 
markers handling calls requiring outgoing send 
ers. Ground is also connected to conductor 315 to prepare for the operation of the monitoring 
relay in the marker immediately following the 
operation of the marker preference relay. The 
monitor is now ready to monitor continuously on 
outgoing senders.' 

Relay TERC(O) also closes a 
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If it is desired to monitor only iricoming reg 

isters, key IR (3) is operated before operating key 
STM(6). With key IR (3) operated, the opera 
tion of relay STM (3): ' closes a circuit from 
ground over its contact":4, contact. 3 of relay 
STM2(3), contact 3 of key RoR (3), contact 2 
of key ROS (3), contact 3 of key RIR(3), contact 

* of key IRC3), conductor 3-8 through cable 3-4 
to battery through the winding of relay RBN(8). 
Relay RBN (8) operates: all of the register busy 
relays IRBO(4) to IRB964), after which a circuit 
is closed from ground over contacts 3 of relays 
IRB9 (3) to IRB)(3) conductor. 408, contact 2 

ls of relay STM2(35, conductor T i? to battery 
through the winding of relay TR(3). Relay IR (3) 
operates and lock rits contact 3 and contact 
3 of key IR(3) to ground at contact of relay 
STMF (3). Relay TR(3) at contact 2 closes an operating circuit for relay STM2(3) which op 
erates, releasing relay RBN.(8) and the register busy relays not held operated by busy incoming 
registers. The "monitori iš now ready to monitor continuously onfncoming registers." 

Monitoring on a particular circuitº w 

is desired to monitorona, particular orig lating register, key ROR(3) is operated, prior 
to the operation of key. STM(6). Relays STM (6) 
and STM (3) operate as before. With key 
ROR(3) operated the circuit of relay MBN(3) is 
opened and the marker busy relays, marker pref 
erence relays and relay ORC3), are not used. . . . 
The originating register is selected by using 

the master test circuit to establish a dial tone 
connection from the originating test line to the 

gister. At the time the marker is con 
nected to the register, the master test circuit 
closes a circuit for operating the monitoring re 

example, relay M0 (25), 
which connects the register to the monitor. Re 
lay MO (25) locks over its contact, conductor 
259, through cable 6-25, contact of key 

'soveOnt 
3): locks over its contact 3, 

act. 2 of key ROR(3), contact: 3 of relay 
STM2(3) which is not operated: under this con 
dition, to ground at contact 4 of relay STM (3). 
The call to the register is now abandoned and the 
register, and monitor release, but; relays STM(s), 

iss-STM f:(3), and CMS(3), as well as relay Ma (25) 

75 

remain operated. Whenever thereafter the reg 
lister is seized; they call, will be monitored. 

If it is desired to monitor-on a particular out 
going sender, the marker preference relay chain 
and relays OS (3) and MBN (3) are not used. 

- The desired 'sender is chosen ; by operating a 
sendergroup key such as key. SGC3) and an indi 
vidual, one of the numbered keys of Fig. 8...for 
example: key: O(8); Key ROSC3), is then oper 
'ated, followed by key: STMG6). When relay 
STM (3) operates, it connects: ground over its 
contact 2, contact 4 of key. ROSC3); conductor 
320, contact of key:SG (8): to battery, through the 
winding of relay SG (8): RelaySGC8) prepares 
a circuit from ground through the winding of 
relay MM(T), Conductor:-768, contact 9 of relay 
STM (6), conductor 632; contact:4 key O (8); con 
tact 10. of Irelay SG(8) to conductoir:80 ! individual 
to the desired sender. When the marker connects 
with this sender, conductor 80 is extended to the 
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marker to operate relay MONc). Relay MONc) 
operates the monitoring relay of the sender, for 
example relay M(24) and that relay locks over 
its contact 6, conductor 240 through cables 24-34 
and 34-2, contact of key ROS (3), contact 3 of . 
key RORC3), contact 3 of relay STM2(3) to 
ground at contact 4 of relay STM (3), therefore . 
remaining operated until key ROS (3) is released. 
Each call that is now connected to this sender 
will be monitored. ..' 

If it is desired to monitor on a particular in 
coming register, the desired register is chosen by : 
operating an incoming group key such as key 
IG (8) and one of the numerical keys, for exam 
ple key O (8). 
followed by key STM (6). When relay STM? (3) 
operates, it closes a circuit from ground over its 
contact 2, contact 5 of key R. R(3), conductor 
32 through cable 3-4B, to battery through the 
winding of relay SPR (8). Relay SPR, (8) opens 
the circuits over which the associated group of . 
incoming registers seize the monitor. With relay 
SPR (8) Operated, a circuit is closed from ground 
over key IG (8), contact of relay SPR (8) to 
battery through the Winding of relay. PC(8) is which it is associated 
associated with the same group of incoming regis 
ters. Relay PC (8) closes a circuit from battery 
through the winding of the associated relay 
PCA (8), contact f of relay PC (8), conductor 
802 through cable 3-4B, contact f of key R. R.(3) so matic monitor associable with any one of said to ground at contact 2 of relay STM (3). With 
relays PCA (8) and PC (8) operated, the operated 
condition of key O(8) extends conductor 909, 
which is grounded when the incoming register 
of Figs. 9 and 16 is seized, over contact O of 
relay PCA (8) contact 3 of key O(8), contact it 
of relay PC (8) to conductor 89 and the wind 
ing of relay IPRO(4) so that all calls to the asso 
ciated incoming register will be monitored. 
Relay PCA (8) also closes a circuit from bat 

tery through the winding of relay RBN(8), con 
ductor 318, contact of relay PCA(8), conductor 
803, through cable 3-4B, contact 2 of key R. R.(3), 
contact 2 of key ROS (3), contact 3 of relay 
ROR(3), contact 3 of relay STM2(3) to ground as 

for transmitting telephone designations to and 
from Said registers and said senders, an auto 
matic monitor associable with any one of said 
registers or said senders, means in said monitor 

scribed. Relay IR (3) operates relay STM2(3), so 
...tions as transmitted to and from the associated 
register or sender, means to progressively render 

... Said monitor associable with originating registers. 
incoming registers and outgoing senders, means 

ter becomes idle relay IRBOC4) releases, and all as: 
eciate said monitor with one of said registers or 

at contact 4 of relay STM (3). Relay RBN(8) 
Operates, operating all of the incoming register 
busy relays IRBO(4) to IRB9 (4) which operate, 
in turn operating relay IR (3) as previously de 

which releases relay RBN (8). If the selected 
incoming register is busy, the associated relay 
IRBO(4) is locked, thereby preventing an in 
complete monitoring operation. When the regis 

subsequent calls to the associated register will be 
monitored. 
What is claimed is: 
1. In a telephone system, a plurality of types 

2,509,058 

Key R. R(3) is then operated, is 

54; associable with any one of said control circuits, 
means in said monitor to register and compare 
the telephone designations as received in and 
transmitted from the associated control circuit, 
means to progressively render said monitor asso 
ciable with each type of control circuit and means 
to modify the operation of said monitor in accord 
ance with the type of control circuit with which 
it is made associable. 

3. In a telephone system, a plurality of types 
of control circuits, means for receiving telephone 
designations in and transmitting designations 
from said control circuits, an automatic monitor 
associable with any one of said control circuits, 
means in said monitor to register and compare 
the telephone designations as received in and 
transmitted from the associated control circuit, 
an allotter to selectively render said monitor 
associable with a particular type of control cir 
cuit, means under the control of said last-men 
tioned means to associate said monitor with one 
control circuit of said particular type, and means 
to modify the operation of said monitor in ac 
cordance with the type of control circuit with 

4. In a telephone system, originating registers, 
s incoming registers and outgoing senders, means 

for transmitting telephone designations to and 
from said registers and said senders, an auto 

registers or said senders, means in said monitor 
... to register and compare telephone designations 
as transmitted to and from the associated regis 
ter or sender, means to selectively render said 
monitor associable with originating registers, 
incoming registers or outgoing senders, means 
under the control of said selective means to asso 
ciate said monitor with one of said registers or 
One of said Senders, and means to modify the 
operation of Said monitor according as said moni 
tor is connected with an originating register, an 
incoming register or a sender. 

5. In a telephone system, originating registers, 
incoming registers and outgoing senders, means 

to register and compare the telepione designa 

under the control of said selective means to asso 

one of said senders, and means to modify the 
operation of said monitor according as said moni 
tor is connected with an originating register, 

of control circuits, means for receiving telephone 0 an incoming register or a sender. 
designations in and transmitting designations 
from said control circuits, an automatic monitor 
associable with any one of said control circuits, 
means in said monitor to register and compare 

6. In a telephone system, a plurality of types 
of control circuits, each type having means to 
receive telephone designations by means of a 
different type of pulsing and all types having 

the telephone designations as received in and means to transmit said designations in the same 
transmitted from the associated control circuit, 
means to selectively render said monitor asso 
ciable with a particular type of control circuit 
and means to modify the operation of Said moni 

form, an automatic monitor, means to associate 
said monitor with any one of said control cir 
cuits, means in said monitor to register and com 
pare the telephone designations as received by 

tor in accordance with the type of control circuit and transmitted by the associated control cir 
With which it is made aSSociable. 

2. In a telephone System, a plurality of types 
of control circuits, means for receiving telephone 
designations in and transmitting designations 
from said control circuits, an automatic monitor. 

cuit, pulse receiving means in said monitor to 
receive each type of pulsing to control the reg 
istration in the monitor of the designation as 
received by the associated control circuit and 
means responsive to the association of said mon 
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?: (switches, outgoing trunks, digit registers, switch 
controlling markers, means to connect a calling 

- one of said subscribers' lines with one of said 
: digit registers, a switch controlling marker 

?? ‘means responsive-to the registration of a wanted 
-"subscriber's number in said register to transfer 
wsaid-wanted number to said marker to cause said 
marker to operate said switches to extend - Said 

transfer said wanted num -: sealing line to one of said outgoing trunks, out 
'markers to cause said: marker to operate 'said 10 going senders associable with said trunk, means 
&switches to extend said: ealing line toward said to connect said marker with one of said out. 
swanted line, an automatic monitor éircuit, means going-senders, means under the control of Said 
'to connect said automatic indnit cuit with marker to further transfer said wanted num 
said one digit register, means in said automatic ber to said one outgoing sender, means in said 

'15 sender to transmit said number over said trunk 
to control the extension of said trunk to said 
wanted subscriber, an automatic monitor cir 

--- *cuit, means responsive to the connection of Said 
cond registration of the wanted number: as trans- marker with said sender to connect said moni 
- ferred to said marker, said monitor circuitºef-:0 tör i circuit with * said marker and with said 
:fective if the first and second registrations: coin- sender, means in said automatic monitor circuit 
cide to disconnect from said register and said to set up a first registration of the wanted num 
-marker. . . . . . - 'ber as transferred to said sender, means to set 

8. In a telephone system; subscribers' lines, up a second registration of the wanted number as 
switches, digit registers, switch controlling mark-8.55 transmitted by said sender, a trouble recorder, 
ers means to connect a calling one of said sub- and means in Said monitor circuit effective if the 
scribers' lines with one of said digit registers, first and second registrations do not coincide to 
means responsive to the registration of a-wanted connect with and operate said trouble recorder ?? 
subscriber's number in said register to transfer make a recórd of both registrations. 
said wanted number to a one of said markers to:30, 11. In a telephone system, subscribers' lines, 
cause said marker to operate said switches to switches, incoming trunks, digit registers associ 
extend said calling line toward said wanted sub- able with said trunks, switch controlling markers, 
scriber's line, an automatic monitor circuit, means responsive to a callincoming on one of said 
means to connect said automatic monitor circuit trunks to seize one of said registers and associate with said digit register, means in said automatic iss, it with said trunk, means to register the designa 
monitor circuit to set up a first registration of "tion of one of said subscribers' lines in said in 
said wanted subscriber's number as transmitted coming register, means responsive to said regis 
to said register, means to connect said marker tration to connect said register with one of said with said monitor circuit and to set up a second markers and to transfer said registered designa 
registration of the wanted number as transferred aortion to said marker to cause said marker to oper 
to said marker, a trouble recorder, and means in ate said switches to extend, said incoming trunk 
said monitor circuit effective if the first and to said designated line, an automatic monitor cir 
second registrations do not goincide to connect cuit, means responsive to the seizure of one of 
with and operate said trouble recorder to make said registers to connect said automatic monitor 
a record of both registrations. “is circuit with said register, means in said monitor 

9. In a telephone system, subscribers' lines, circuit to set up a first registration of said wanted 
'switches, outgoing trunks, digit registers, switch number as transmitted to said register, means to 
icontrolling markers, means to connect a calling connect said monitor circuit with said marker 
one of said subscribers' lines with one of Said and to set up a second registration of the wanted 
digit registers, a switch controlling marker 50 number as transferred to said marker, and means 
imeans responsive to the registration of a wanted in said monitor circuit effective if the first and 
subscriber's number in said register to transfer second registrations coincide to disconnect said 
said wanted number to said maker to cause monitor from said register and said marker. 
said marker to operate said switches to extend 12. In a telephone system, subscribers' lines, 
said calling line to one of said 9tgoing fus'ss switches, incoming trunks, digit registers associ 
outgoing senders associable with said trunk, able with said trunks, switch controlling mark 
means to connect said marker with one of said ers, means responsive to a call incoming on one 
"outgoing senders, means under the control of of said trunks to seize one of said registers and 
said markers to further transfer said wanted associate it with said trunk, means to register the 
number to said one outgoing sender, means in 60 designation of one of said subscribers' lines in 
said sender to transmit said number over said said incoming register, means responsive to said 
trunk- to control the extension of said trunk to registration to connect said register with one of 
said wanted subscriber, an automatic monitor said markers and to transfer said registered desig 
icircuit, means 'responsive to the connection of nation to said marker to cause said marker to 
said marker with said sender storic ides operate said switehes to extend said incoming 
*monitor circuit, with Said markèr:’à?h? with?:S?ifi -trunk to said designatedline,'an automatic moni 
sender, means in said automatic 'mohitor gir- "tor circuit-means responsive to the seizure of one 
'cuit to set up a first registration of the Wanted of said registers to connect said automatic moni 
-number as transferred to said sender, meals:to tor circuit with said register, means in said moni 
- set up a second registration of the Wänited HuffY-’70 Stor-circuit- to set up a -first "registration of said 
fiber as transmitted by said: sender and means wanted number as transmitted to said register, 
in said monitor circuit, effective if the first:arid 2-means to connect-said, monitor circuit. With said 

* - second y registrations : coincide Kªto: :discoön néctªsaid *marker-and-to-set-up-a-second registration of the 
:nonitor from said marker and said sender. Ewanted number as transferred to said marker, a 
3.10.3n: a telephonessystem, subscribers' lines,"s.trotible recorder, and means in said monitor-eir 
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cuit effective if the first and second registrations ?* '? UNITED STATES PATENTs 
do not coincide to connect with and operate said Nümb N 
trouble recorder to make a record of both regis- 1997 $5 Ma????&#??on Aji935 
trations. ?????? ??--- ??????- ?????????? : , 2004,607 Hersey ---------------- June 11, 1935 

JOSEPH W. DEN. 5 2075,527 Korn -------------- Mar. 30, 1937 
OSCAR. R. WILLIFORD, 2:202,921 POWel1 -------------- June 4, 1940 

REFERENCES CTED 2,225,688 Dehn ------------- Dec. 24, 1940 
2,297,365 Ostline ------------ Sept. 29, 1942 

The following references are of record in the 3. 
file of this patent: O 


