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1

* 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«

troiling -the automatic switches: to establish-the

necessary- econnection are-performed: by:separate-

control units-known respectively as register send-

ers and markers; and: the deésignation must be:
transferred:from theregister:sender:tothe mark--

er before-the latter: can perform: its ‘function.

It is: essential; therefore, that the- designation so-

transferred-be: the same-as’ that -registered.
In cross-bar systems of’the :prior art g set of
orviginating: regisfer. senders: and  originating.

markers has.-been: employed . for: receiving  the-

designation from:the calling subscriber:and. con-
necting the:calling line to an -interoffice. trunk:

&

I

o

and. a:set -of terminating. register senders and: 211

terminating: markers has: been employed for:
receiving the:called line number from. the.origi-
nating register sender and:.connectirg: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 pro=
vided, one:for:each:-kind:of :register sender, which

select the. register: senders.in succession; set.up:
therein. a. variety. of. arbitrary "designations, re- -
ceive:the:designations.as.transferred to-a mafrker,.

and.check: the:accuracy: of such transfer.
In: the cross-bar: system disclosed. in.tHe co~
pending: application of A. J. Busch,. Serial No.

57,394, filed October: 29, 1948, a:single.type of. &

2%

35

marker is employed to-establish Jooth ,ori‘gina-t:ing; -
© will. be.more- appax:ent from a.-consideration : of -

and. terminating connections: receiving: designa--

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: receive‘

from the markers, to: other-offices:

In .accordance with the present inventiomn;:.
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. fornr of an ‘automatic:

monitor which is seized, .if'.idle; at the seizure:

of . g register or:sender, is: connected: with the:
sgizing cireuit. and:with the: marker: associated-
with. that- circuit;. receives: the: designation. as:

40°

2

ceives the same designation* sy tiansferred to or
from-the marker ‘and-chiecks the- deblgnatlons ‘as
reeeived and-transferred. Means i§ provided, in-
case the designations:do -not-cticck; to make g
trouble-record which- gives the two ‘forms-of ‘the
“designation- and’ therefore” ‘provides ‘a nreans for
accm aely identifying the source-of the error.

A-feature of the-invention Hes inm means for
repeatedly advaneing: the” monitor through a
cycle” during “which it perfornis™ & plurality” of”
monitoring” operations on €ach variety" of " ¢cir-
cuit, that-is on-originating-registers, on ihcom=
inig registers gnd’on outgomg ‘seridérs. Nedns is.
-als0 - provided ‘to- vary the  relative numiber of”
‘mionitoring operations performed on. each variety
of eircuit;

In addition; means iy providéd to optionally
cause the monitor to' monitor-only. on oné of said”
varieties of circuiits,. o1 to monitor on a. single
one of szid circuits.

Incoming reg,lstels may be of a plurality of
tybes aceording to the.form of pulsing they are_
arranged to receive, for example dial pulsing,.
multifrequency pulsing, ete. Similarly, outgomg

setiders may be. of a.plurality of: types. accordmg.
to 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- partmular form, of. pulsing.

When the monitor is associated. w,1th an.incom-
ing. register. or. outgmng sender, i recelves an
indication .of the-form. of. pulsmg o be expected:
and responds.thereto. to.render the: proper. pulse:
receiving . cireuit, eﬂectwe. .

" These and. other features of the. invention:

. the following description ;in.connection with: the:
- drawing;in.which: .

Figs. 1,. 5,. 9,.16,,:23,.24; 25 and 34 shown in:
schematic. form parts- f.the: eross-bar telephone
- system .~ with which: the- -automatic: monitor: is:

. adapted-.to zfunctien;_,-

. Fig: .1- shawing. in. diagrammatic- form: a: line:

P link .frame.and-a-trunk link .frame; an originags

50

ing:register: marker: connector; an:incoming: reg~-
ister marker:connector and; a:part-of-z:marker;.
Fig. b showing another: part:of marker-and: the:
master: test:frame: connector;.
Flig:. 9:-showing’an incoming: register: link and:
part-of.a diglkpulse:incoming:register;.
Fig:16:showing another-part.of the: dial pilse:
ineoming: register;:
Fig, 23: sfmwlng w mmﬁfrequency Ineoming:

tmnsmxtted ‘ta: a: register: or from:a: sender, . re=: gg: register;:




3

Fig. 24 showing a dial pulse outgoing sender;

Fig. 26 showing an originating register;

Fig. 34 showing a multifrequency outgoing
sender;

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. 1 to 34 should be arranged.

In the drawing, conductors which pass through

a number of sheets have been grouped intc cables..

In addition the multiplicity of conductors which

connect the various registers have been repre-~ - -
In each case the cable is iden-
tified by the numbers of the figures in which they

sented by cables.

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 ino -

2,508,053 Te

4
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

.. :then releases.
10. .

General description

The automatic momtor serves to check the
performance of the originating registers, in-

~ coming registers and outgoing senders of a cross
15.
.. %ified application of A. J, Busch., It does this by

bar oifice of the type disclosed in the above-iden-

automatically monitoring on service calls and by

““furnishing facilities with which the above cir-

difierent portions of the disclosure, they have . .

been further distinguished by adding the figure
number in parenthesis.

A general reference is made to the above-iden-
tified Busch apphcatlon 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 outgomg sender. Ref-
erence is also made to the copending application
of O. H. Williford, Serial No. 57,391, filed 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 mon-
itor, a brief description of thie operation of the

telephone system with whicli it functions may be’

heipful. In such a system, whéen 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 ain 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

trunk link frame, after which'it is released. While-

connected with the originating register, the

marker passes the calhng 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.

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
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cuits can be tested under control of a mainte-

nance man. 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
mazade.

The monitor is arranged to monitor successive-
1y 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.

70
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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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- master: test frame:conneetor. ;These. relays:give
the monitor -access :to the ;leads :from-register
to marker -which -transmit : the .ealled - number.
Similar cut-in relays at the-monitor. 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
marker: is “registered -on :relays- in the moniter
and after a-sufficient-registration :interval:the
monitor -releases -the .connection :through -the
master test:-frame;connector. .The:monitor then
comipares -the number.it-recorded-from the.reg-
ister input.with:.the number:passed from register
to marker. :If -they -areithe:same the monitor

restores to ~normal -and.-aceepts. the rnext- call. -

If -the numbers:do: not mate¢h:the:monitor..again
selectsithe master:test.frame:conneetor,:this time
to gain access to the trouble-recorder. - A trouble
record - card:is :perforated, on :which ithe :more

important’ items are -the~two.numbers recorded:

by -the: :monitor ~and :the:identification of :the
marker :and of the rregister. : Upon: conclusion
of “:the “trouble "record:the monitor  restores to
normal. i .

‘To monitor-on:a particular-register the mark-
er .preference-chain is: disabled -and:the master
test. eontrol 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 calliisithen-abandoned rrestoring rail
eircuits toznormal:but leaving-the register-con-
neeted to-tlie-monitor. -All:calls.reaching that
register: are::then «monitored -as; préviously +de-
scribed.

“When: the monitor is in g position to. momtor
on.incorming registers - preference Zchain con-
sisting ofione relay:per: register-is madeopera-
tive. ~Whena trunk selects & register-the register
requests the use of the monitor on:that call, -If
the : register - :suceessfully -seleé¢ts -«the - monitor
through: the ipreférence - chain, the register--will
beédonnected to the monitor for:ihe:duration
of register:isage, -The:operation:from this.point
on is*the: same: ds’ described for:the.originating
register »with~the following: exeeptions. :Infor-
mation:givingithe location: of ;the trunk involved
in the call is recorded in the monitor:gid added
to -the :trouble-record -information. -A--multi-
freguency receiveriwith.iashigh impedance:input
is ‘provided: 4o .monitor. the. input’ to smultifre-
quency : registers. . To monitor - on=a sparticular
registér. the-operating (paths:of:ithe preference
relays.ofall otherregisters:are opened.

~When-the monitor-is-in:a:pesition to moniter
on-outgoing senders:the marker:preference.chain
described under .originating -registers.is ‘made
operative. In this case,~however,. the :path: to
the:preference ~relay -isclosed only ‘when the
marker starts to-select:an:outgoingsender, : When

the marker selects:the-monitor:through:the pref-.

erence chain, the marker.is:informed: that it is' a
momnitored- call. - The monitor:then-gains: access
to:the marker-through :the -master:test frame
connector:.as previously described.

‘The r-number . passed-: from :register -to marker
is<then:registered in -the monitor. This.is the
number: which’is passed through:the smarker:to
the:- senders. At - the ~same -time sinformation
passed:to ithe 'sender such:ias:number:of  digits
to:delete and :an.arbitrary digit,:if -any, -are
rfecorded in the mornitor. :Thislatterinformation
is.‘used: to ‘moedify ‘the.check: path :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,ithisdatterscorinection remdin~
ing: until the:sender: restores:to normal.

. During-the:time:it: is .connected: toithe marker
the monitor records .the :location-of the #4runk
used - on. the .call. - When the marker:has ipro-
gressed to: the.point:of conneeting: the trunk:{o
the calling-line, .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 sand upon . a pulsezend:signal from:the
sender ;compares--the : out pulsedmember with
that received. from the:marker. If they matéh
the: monitor release. <If «they doxnot mateh -the
monitor .leaves »4 « t1oub1e record ;and -then ré-
leases.

‘When: momtormg on: "‘apartlcularv isender:ithe
marker preference:chainiis:notiused. The sender
issmarked so.that:it: tells the:niarker that ituis
a- monitored:call each:time:it:is; selected. ~The
marker: then :selects vthe tinonitor :directly and
the call. proceeds as previously:described. .

‘Start. of monitor

To prepare the monitor for operation ikey
MAC (§9)-isfirst operated. Key MACH9):closes
a circuit .-from -pattery-through the winding-of
relay -AC(19) - to ;ground -over.'the: contact+2..of
key MAC(18) operating -relay :AC¢(9), twhich
closes the -energizing - circuit :for sthe primary
winding .of:transformers AC (19).,-thereby: supply-~
ing -current:through the secondary windings:ef
transformer-:/AC€13) {0 :the heatingelements.of
various vacuum-tubes the.use:of ‘which'will-ap--
pear -hereinafter, «to ~full-wave -rectifier-tube
RU3) and toifull-wave :dry . rectifier ~VI10¢19).
Relay - NVA(19)- whichis:connrected to: rectifier
Vi3(19) .operates :as 7an:indication ‘that - the
automatic moniter: is- ready ifor :operation. -If
relaysNVA(18)ifailsito-operate,. or releases, fol-
lowing ‘the -operation :of key ‘MAC{9), lamp
NVACI9) lights and:battery: connected over.con-
tact 2 of relay NVA(19), contact F-of key MACLIS)
and conductor 1983 to the-alarm circiiit.causes
a no-voltage alarm:to sound.

“With relay:NVA(19) operated; the operation: of
the start momnitor ‘key. STMI(B)--closes 4 ‘circuit
frem ground:over:coibact: I'iof=relay NVAS),
conductor 1801, contsct:2.0of key: STM(§), con-
ductor 663 to battery through the winding of re-
lay 8TM(8). Relay STM(6) operates and closes
a circuit from ground over its contact'6 and con-
ductor 681 .fo battery :threugh -the winding-of
relay. STM4 (3) operating-the latter relay. These
two relays -serve, as-off-normal. relays-for -the
monitoring-opseration; elosing .off-normal:grounds
where necessary and-closing through:leads-from
the senders, registers.and markers to-the:moni-
toring control eircuit. :Relay STMI(3) -at 'its
contact 6 connecis ground to:conductor 313 fo
close an operating .circuit-for -relay AONC{S).
Relay. AON(1$) -at.its contacts:l0 and: 11 closes
a -biasing- circuit: through the lower: winding:of
relay P(18) to cause that relay to-hold its.contact
open. At its contact- 4; relay. AON(!S) .closes &
circuit from .ground -to -conductor . £955 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 1L.(20) in a direction to close its
contact 1.

With relay. STME(3). operated -and none.of the
monitoring -selection. keys- operated, a- circuit is
closed from .ground -.over: -contact 4 -of relay
STMI(3); contact-3 of:relay STM2(3),:contact-3

. of key.ROR(3), contact-2:0f key:ROS(3);:¢con=
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tact 8 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), MBS(4)
and MBS8(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 318 to the winding of relay
APA(T) and battery. Relay APA(T) operates in
this circuit locking over its contact 4, contact §
of relay APB(1), conductor 700 to ground at con-
tact 8 of relay STMI(3). Relay APA(T) closes
@ circuit from .ground over its contact 1, con-
ductor 181 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 MBO0(4) to
MBI4).

With relay OR(3) operated, ground is con-
nected over contact [ of relay IR(3) and contact
i of relay OR(3) to conductor 31{ which extends
in multiple to all markers. : :

If any marker is serving a dial tone connection

DT3(1) will have been operated.in that marker;’

under the control of the line link frame. With
relay HMSI({) operated to indicate that the
marker has started to operate the hold magnets
to set up the dial tone connection, ground on
conductor 3{1 is extended over front contacts of
relays DT3(i) and HMSI() to conductor 109
and the associated marker busy relay such as
relay MB8(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 selzing the monitor at a point so
late that the monitor may not be properly asso-
ciated with the. selected originating register.

Relay OR(3) at contact 4 connects ground over
contact | of relay CMS(3) to conductor 312 to
prepare for originating register monitoring. The
circuit is now ready to monitor originating reg-
isters.

Monitoring on 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 descrited, but is now
seized to handle a dial tone connection, as soon
as relay HMSI(l) operates, conductor 100 is
grounded as above described, and, with relay
MB0(4) released, a circuit is completed over con-
tact { of relay MB0(4) to battery through marker
preference relay MPO0(4), operating the latter
relay. Relay MP0(4) operates, disconnecting
battery, at its contact f, from the other marker
preference relays.

Relays MP8(4), MP§{4) and MP8(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 MP8(4) cannot operate
because the battery supply has been opened. A
relay lower in the chain such as relay MPO0(4)
can operate but performs no function since con-
ductor 312 is disconnected from it at contact 6
of relay MP3(4), While a chain of ten marker
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preference relays has been indicated, the nunibef
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 MP0(4) is operated alone,
ground on conductor 3i2 is extended over con-
tacts § of relays MP9(4), MP5(4) and the inter-
mediate relays, contact 4 of relay MP0(4), con-
ductor 441, 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 16i which extends through cable
1-25A 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 M§(25) in the se-
lected originating register.

With relay ON(25) operated, which takes place
shortly after the operation of relay ¥(25), the
operation of relay M0(25) closes a circuit from
ground at contact 2 of relay ON(25), contact 8
of relay MO0(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 10 to bat-
tery through the winding of relay ORN(6), op-

. ‘erating the latter relay.

.30
ot this time, rélays D(1), DT1(1), DT2(1). and. >

. At its contact i, relay DOR(B) connects

- ground to conductor 602, completing a circuit
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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 633, 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 (1) in the marker.

At its contact 2, relay DOR(6) closes a locking
circuit for the monitor relay M8(25) in the orig-
inating register which may be traced from
battery through the winding of relay MO0(25)
and over contact 7 of relay M8(25), conductor
2501 through cable 6-28, confact 2 of relay
DOR(6), conductor 604 to ground at contact 5
of relay RN(T). )

Relay DOR(6) also closes a circuit from ground
at contact 4 of relay RN(T), conductor
102, contact T of relay DOR(6), conductor 665
through cable 6-25, contact | of relay M0(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 607 to
battery through the windings of relays ONMI(T)
and ONM2(7) which operate to provide a plu-
rality of off-normal grounds for the monitor.
Relay ONMIi(T) at contact 10 closes a circuit
from ground over -conductor 612 to battery
through the winding of relay MSR(3), operat-
ing the latter relay. Relay MSR(3) closes an
obvious operating circuit for relay MSRI1(3). Re-
lay MSRI(3) closes a circult 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 MB08(4) to MBS8(4), re-
leasing relay MP8(4) and preventing the opera-
tion of any other marker preference relay. In
addition relay ORN(S) closes a circuit from
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ground-over-its-contaet:8; conductor-631 through,
cable 11-18A to battery thnough;the windmg of-
relay-ORMECHH) . )

Ground-is-also- connected wover-a-back: contact:
of:relay-MST (25} in theoriginating register;-con-
tact:6i:0f-relay.-M0(25); conductor.-2592 through:

cable:6:28; contact:Aofrelay - DOR(63, conductor.

§86; coniact:4 of:relay. PEA(2):to battery.through
the: winding,-of-relay-RPS{(2): Relay RPSI(2)

operates- and- closes: a--locking.- circuit: for. itself:

through: the. winding.of: relay. REPEL(2), contact:
f<of:relay -RPSI(2); conductor-260-to.ground: at
contact: |- of-relay ONM2(1); bub: relay -RPEL(2):
cannot:operate-in: this.cireuit, being. shunted: by
the-operating-circuit: for. relay.RPS1(2). Relay.
RPS!(2): opens- the--operating-.cireuit: for-relay.
8ON(8; to-prevent:the-latter.relay from operat-
ing: it-the.call” require& the.. use: of-an- outgoing
sender.-

Relay-DON202;,: when operated-as above.de-
seribed; closes-a-cirenit from-ground-over. its.con-
tact .5¢ conductor 2000:through. cable. 14+20A; to
battery: through- the. winding-of: relay. ONR:(18):
which, supplies- lacking.. ground- for- the various.
register-relays:

With-relays: ORN<E: and relay-ONR({5 op-
erated: a. cireuit: is- closed:from- battery -through:
the- windings- of-relays. AS(24): and: ASA(24) in.
parallel;. over-contact: & of=relay. AS(21), con-
ductor- 2400;: centacts 2:-ofzrelays: BL6(3{3) -and
DLB30); conductor- 3008; contacts -2; of- relays
DIA(28); DL3(28): andsDE2(28), conductor-2800;
contacts 2 ofrrelays-DEA(241): and-DCR(21); con~-
ductor:- 24 04;- contact: b .of-relay. CLiI(14), back
contact: ofr relay. MESI4); conductor. MO‘Jv con-
tact:d of-relay-ONR(I5), conductor; {500 through
cable. =144 to. g;rmnd at conmtact: 1- of: relay
ORN(6): Relays AS{24): andy ASA2 ) operate
in- this cireuit; relay, AS(21): closing a locking cir-

éuit for itself and relay ASA(21) over its. con-

tect5; conductor-2102; contact-5- ;0f-relay.BS(28),

eondueto,n 2801 to.g;rounda at- contact: 4- of: relay.
{45

'Dhe opera,t}ng groundr for . relays

1e1eDY-
reglster
When thea camng hne ls~ connected thh the

¢ 55t'ﬁﬁd 'S‘R('zS) re-

conta,c«t &: of relay Ml(z{i) con»-

duopor- 2303 through:- cable: 6-25; contact. § of

relav-DORL6), conductor: 608; to battery through
the winding of . relay. MAG {8y "Relay. MACI:(8):
operafes, . md closes: - 2. cireuit: from battery
1. -the mndmg of: relay: MAC2(8), con-
¢ ofe relay. MAGH® , conductor. 689 to

tact
groumk atr contact: 6 of:relay. ONMI(T) . Relay
MAG2(8), operates, and.loeks over its contact: 2
to. ground:on-conductor- 60%: prepating a cireuit,
which may be closed:in response.to a: subsequent
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10:
rélease . of -relay.. MACH(8) to.indicate..to. the
monitor .that: the; call: has. been abahdoned.

Relay MAC2(6):-.closes.a.loc¢king. circuit.for re-
lay DOR(8)- which: may be. traced:from battery.
through the lower winding and over. contact 6
of relay DOR(B);, contact I:of relay MAC2(§),
conductor 610; contact 3.of relay.RN(P), con-
ductor 1083 to ground- at: contact: T: of relay.
STM(6). 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. ONMI(T) operated :as.above de-
scribed it connected ground to conductor 724
completing a circuit:over the.contact 2-of :relay
MPCH(8) to. battery. through: the. winding. of
relay. MPC2(8). Relay MPE¢6) operates. and
closes a circuit: from. battery through: the. wind=
ing of-relay. MPC{(6): over.contact: 3 of-relay
MPC2(8)- to ground- on.conductor.. 184 Relay.
MPCH (5) - operates.and: locks.over its contact 1 to
conductor T84; opening. the.. circuit. of . relay
MPC2Z(8), Relay MPC2(8)-is slow to.release.and
during: its.. releasing  time - connects. ground over.
its.contact I; contact:-3-of relay ORN(6)- to con-.
ductor §!1to.operate a. peg.count meter indicat-
inz a. monitoring. operation. on. an . originating
register.-

In addition. relay.. ONMI(T); connects. ground

. over its contact 4 to conductor ME;: completing

a cireuit:over. contact-2 .of relay TMBI8) to bat-
tery through theupper.winding of relay TMA(I1) .

Relay. TMAI4) operates in, this,cireuit.and; locks
in g circuit-from-batiery - through its.lewer wind-,

. ing and: over: its. contact: 3, confact: §- of- relay.

TMA(41), conductor.:1198; contact. 2. of relay.
TRR2(198), conductor.: 1888; confact 3. of.relay.
OMMI{ (1); conductor: 788, contact 2. of. relay;
PEA(2), conductor: 204, contact: T of- relay.
DON(28)  to. ground. at contact: 8- of  relay
PST(28). Relay TMAW b- extends. this. locking
ground over.its. contact 4-and- conductor. (L84,
to battery through the wmdmrr of relay TMB(I8).
onerating the latter. relay to open the operatmg
civeuit: of relay "EMACI1). Relay TMA(II) ini-
tiates-a timing operation. whlch wille b° descnbed
hereinafter.

Relay. ONM4(P): also connects, ground. over its
contact 8, conductor. 70% contact--2. of, relay
A(F), contact. 8 of relay. APK(T), contact. 3
of relay APB(T). to battery through the winding
of relay. APB(13» Relay APB(¥). operates. in

his circuit-and-locks. over.its. contact 4-and con~
tact 5 of-relay: APC(‘!) to. ground on. condt.ctor
08, At its contacts 5 and 6 rela,y\ APB(I):
transfers. the. locklng clrcult of relay APA(T),
from conductor 108, which is grounded by the
monitor . stant- relay. STMH (3), to. conductor 181,
Relays APA(D): to, APK('!) constltute an, allotter
cireuit. for detnrrpnmg the number of mon1+or-
ing operations to .be made on ea,ch type. of-cir-
ouit- and- will be descrlbed in. more detail here-
inafter.

When relay, MACI (9 operates. as. above de-
seribed it closes. a. ¢ircuit: from: ground. oyer. con-
tact 8 of relay, DOR(G) contact | of- relay;

MACHE),
""dmd of: relay; ORM( I2) Rela,y ORM(IZ)
D cts the pulsing. circuit, of the originating
vegxetex to the dial pulse. amphﬂer The, opera-
tion of relay. ORM(12). is made dependent:on the
cperation 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 if..
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The tip conductor of the calling line, which
ic connected to ground through the lower left
winding of tone coil TN(25) in the originating
register extends over contact 19 of relay M2(25),
and conductor 2504 through cable [2-16 to re-
sistance B7(18) and condenser BS5(19) associ=:
ated with tube B2(19).
which is connected to battery through the line
winding of pulsing relay L(25) in the originat-
ing register is extended over contact {1 of relay
M0(25), conductor 2505 through cable [2-18,
over contact § of relay ORM(I2) to conductor
1200 ‘which is connected to the Input of tube
PA(I2).

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
¢ircuits 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 fo 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 s 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
1.(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
ir 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 hattery 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 hattery.
- 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 =
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(28) also guard against false operatmns dus to
chattering dial contacts. ;

Relays Li(20) and RAA(20) are condenser timed
to assure obtaining a closure of adequate length

The ring conductor.

10

15

20

25

30

35

40

45

50

55

60

65

70

78

12
for operating the register and to assure. ho1ding
on very slow pulsing. i

Two ungrounded sourcos of dlrect current
power, in addition to alternating current for the
heaters of the vacuum tubes, are required for
the circuits mentioned above. An ungrounded
souree of direct current power is required owing:
to the operation of the amplifier circuit at a:
potential above ground determined by the ¢ondi~
tions in the monitored circuit. The second un-
grounded direct current supply supplements the
130-volt office battery potential. The amplifier
is sensitive to small ¢hanges 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 fransformer tap
corresponding to the nominal supply voltage.” :

Vacuum tube R(I9) rectifies and the filter
comprising retard coil. R{(19) and condensers
RE19) and RI2(19) reduces the ripple in the
direct current voltage supply to vacuum tube
PA(I2). 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 VR2(19) and VR3({2).
and a 10,000-ohm resistance VR4(I9) -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 VR2(19) and VR3(12) 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 g circuit consisting of vacuum tube
VRi({2) and a 33,000- ohm res1stor VRl(lz) in
parallel.

The grids (elements 3 and 7) of tube VR! (IZ)
are connected to terminal 5 of tube VR2(19). So
long as tube VRI(12) operates between satura-
tion and cut-off, a minimum voltage difference
will be maintained between the grids and cath-
odes of tube VRI(12). 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 (12)-
is reduced and a greater proportion of the load
current will flow through resistance VRI(12)
which is in parallel with ftube VRI(I2). The
cathode voltage will therefore tend to remain
at approximately the original value or very near-
ly that obtaining across the voltage regulator
tubes VR2(19) and VR3(12).

The gas-filled tube P(12) and fuse B(i2) 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

oberation, tube P(12) would fire when the voltage
to ground exceeded approximately 180 volts. The
resulting current through fuse B(12) would cause.
it to operate and open the circuit.

" Plate supply for the bias control circuits is ob-
tained from the effice 130-volt supply and a boost--
er voltage for plate 4 of vacuum . tube BIUD).
from rectified and filtered alternating current
power., QGrid bias for gfid -3 of vacuum tube
B2(19) is obtained from the office 48-volt bat-.
tery through a voltage divider, ... : s
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Alternating_ current power:is:connested: to:the-

primary; of stheralternating: current transformer
ACW9) through:contacts;on thesralay -AGHS:
as.above described; under. controliof key MAG ¢ D

The-ungrounded.biasing:potential. for;the:ams
plifier:is.obfained.from rectified;alternating curs
rent:, The:magnitude of-the.alternating .current
is .controlled::through: an .amplifier: by a; direeh
current. veltage:which-is a.fixedamount.-below

(less negative than) the:office-haltery. notential-

and: changes:.in: petential.-ag the .office:battery
notential.changes:: A:ichange.in: theroffice-bat-
tery: voltage-will:beireflected by-a:-change:of the
same-maghnitude :dintherdireet - current bias-volt~
age. .
In.this; bia& contml cireuit, thes gms-ﬁﬂed ”Voltv
age-regulator:tube VRA (42) - withseries.resistor
VRE(12).is conneeted bgtwe:en~~,the;= 130-voltroffice
sunply:-andsthe: negative; reference  voltage:r. Rexr
sistance- VRO 2). - limits, thevcurrent wh igh: will
flows and: tubs. VRALGIZ) - maintains:: a~ vi
constant voltage- drep; across:its term: :
voltage divider cizewit is.-connected- across. fa
minals- 2. and. & of:tube-VRA12) .. Thiscconsists
of resistances:RBLI2); VRO ), VR4 L12) and
RB2({2)-and:petentiometer BH(123 connscted.in
series.. The-slider-of.'the petentiometer:is com-
nactedthrough.a.filter:cirenit, a,rectifierrcircuit
and a resistancesto.grid:1:-of vacuum: tubs B! 48
Resistance.-V5({2). and condenser., Bi{12)+ serve
g5-a, filter cirouit,for: preventing, low.alternating
currant.voltages-superimposed.-on the:office. bat~
tery supply: from..affecting: the .opsration.of. the
hias control.cirouit., The-rectifier-is a-duplicate

of.the.rectifier supplying; the-bias, voltage.for. the-

amplifier... The, alternating. cuirrent. far ths twa
rectifiers is obtained from duplicate. w,mqut on
transformer B(l2). The_ rectifiers!. function.. is
to.introduce a voltage.whigh, is equal 16 the.volt-
age. difference between the Teference vr)] age at
the, potentiometer slider-and the voltage at srid
7 of tuke BI(18Y, Both voltages are withi resnect
to the refnrencﬁ ground. Means 1s pI‘Ov'ﬁde_fO“
shunting the rectifier-with the pr

to offset differences in fhe two recti té S and"naz(p 13-

tHe- change in. output - the same- for bot‘n with
a- given change in-the input- altemahncr c 1rrenr
voltage: Variations~in: the bids voliz f -grie
T-of tube Bi(19)" cause’ fhe altevnating o ,nent
iAput tb-the rectifiér-to vary: Henee, ‘the- error
voltage: will e thie~ihcrease: or-decreas
grid '! bias required to- change the reetificd alter-
nating-currentouiput By en amount eﬂuai to the
chafige: ift reférence  volfage:

Chthode 2- 'of* tube- BI(19)" is- connected: to &
ground'through gas-filled voltage regulator tihe

VREUS) . To-Keep-the-tube- VRS (19)- operating:
undér optimum:- regulating conditions: an addi-
tional-connection is' made: from:itto the’ 230ivolt:
supply conduetor 1903 The-voltage at: catliode-2
of: tube:B1(19) is-apbroximsdtely the-same-as at’
plate -8 of tube BL(18): The: plate §-and-grid:3:
of” vacuum: tube: BI'CI9). are-connected: through-
resistance: B&(19): touform & difeet currént am-
plifier. A 540 cycle:alternating: current: voltage
obtained on-conductor 1902 from the-tone:supply
circuitis connected through the condenser:B3(19):
tougrid:3. of :tube-B1.(19); Plate:6-of:tube BITI0):
is: connrected’ to. <1301 volts through resistances
B2(18). . Plate 4:of:tube: BL(18)! is:connected. to:
+230; volts:on: condiictor: 983 through resistance
B3G19): Plate. & of tube: Bl (19! is: connecteds
tkm’mgh* condenser: B2(19)... to. grid of= tuher
B2019)... Cathode; 8§ of tube:B2(19)  isiconneched:
tox —48svalt hattery: through resistance B&(18):

114
and:condenser:B4(18)vin parajlel: Plate 8:of tube:
B2(49):issconnected: through- the - right windings:
iniparaliekofithetransformer B(12): tos ttxemmt:s;
+:130-¥olt-supply:
: Te:llustrate:the;operationof-the.circuit. let-us:

assumesthatethe offices :battery:voltage increases:.
bys S volts:inza;matter:of threeior four seconde,.«
Aaclfange«mwampliﬁerinput is-reguired if
to:change-therectified-alternating-current-output
e voltage:. Grid:T-of :tube:Bi(19) -will:bgcome-more:
negativeas:a resultofsthe:change inbattery:volts:
ager. Lessicurrent-willitherefore:flow:in the-plate:
cathodercirenitrof s that:tube: . The: volfage: drop:
aprossresistance:Bi619): will'plsabe-reduced:thus
migking grid:3-more:pesitive: Making:grid:3:more:
pesitive: increases:the:effectetheralternating:curs=
rent: vpltage: superimposed: ons the: Vgrid -has: in:
causingtheplate:current: 3
tuations:in voltage:are: transmltbedxtcr the third-
stage: where it:is: amplified: stills further: The:
inerease inrectifted:alternating:current from: the:
varistorg: VI(12); V22)y: V3U2): and - Va1 2):
balanges-ont:the-inerease: insthe:reference:volt=.
dge:except-for-the:small-change:in: the-bias:on:
wgrida Tioftube:B4:(19) : reguired: to: maintain . the
inereasetsoutput:. The:adjustmentrin:output wilki
be:maderas-rapidly-as the:input changes: If:the:
voltage:on thezoffice: battery:supply:leads; was-47:
initiadly; and:the: voltage: across-the: rectifier was’
3422 volts: the- final; veltages- wouldibe:47:4:5 -or: b2
volt&forthebattery:supply cireuit and:

3245 1=36.9..

185

za';z

: volts<forthe: reatiﬁer output.
i When‘relay\ORM(u) is opera,ted asaprevmusly
dsscnbed wrhezm anqomglnating reglster is, cone.
nested‘lt closes Jeads:from.the.amplifier:grid.and:
the:amplifier. bmsm@ c;xrcuitl to. conductors 2505,
and: zﬁﬂﬂvleading to the»rzngAand tip respectively:
ofy therline connection:.in- the: register:. Relay:
IRB! 21, normaﬂ af. this time. . The: amplifier:
¥ thea blas 01rcu1t‘» dne acmrdancea

.

m%rea. grid nmd cathpde Biofvacuum:tube; PA(jz)w

with: the: -subseriberis: logp; closedi. Under: this:
condition;current:-flows:through-the:tube and-re~
-sistonee PAS(I2) .. The:voltage:obtaining on:plate:
8. and:grid- 3: connected» thereto:ig: therefore: re-:
duced:  The:drop aecross: resistance PA42) is
sufficientrtoireducesthesvoltage atigrid:3 in: rela-
tiony tas that: obtaining: on: cathode: 2: to. a;, value:
-where: thie: ourrent: flow: between: cathode 2 and:
" plate &-ofitube: PA(12): isicut-off:. When the-loop:
iszopenedihy:the: dial; thescurrent: flow: in:the: liné:
dropsdio-zero:and:the-voltage on thering-conduc-
torrises to:the-potential of-the.office:battery: The:
vr,utage omthe: tip-canductor: drops:to.ground: po--
i wing to: therrediretion in current-through:

it THe.valtage: ohtaining. acress: the:
»ringzunders this:condition:is sufficient: to-
offsed: the amulifiersbias: and: produce a: negative:

a9:

6%

‘635, veltagaonigrids T with:résnect to cathode:8.. This:

ha ccurrents Aowing (inn tl;g‘ca aod}: plate'

a%tﬂm

e t ﬁmva between cathode:2, an&platea Vacu—
vz tubs. DRCIQ): onerates: whew. this; occurss as
wrll* b describedg later aml reduces the; not°nt1a1 L

m

TH chxductionbetwem caihode 2 andlplafte a éur.
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rent will flow and relay P(19) will be operated.
Relay P(19), In 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(18). Rélay
CDP((9) opens the operating circuit for the
vacuum tube DP(12). This prevents vacuum
tube DP(i2) from delaying the operation of re-
lay P(19) if it releases during a pulse pericd. At
the.end of the open period the voltage obtaining
across tip and ring will return to normal and
relays P(i9) L(20) and CDP(20) will release.
This cycle of events is repeated on each pulse.
Vacuum tube DP(§2) functions as & 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 & circuit con-
sisting of cathode 8, plate 6 of tube DP(12) and
common cathode resistor DPI(12). 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(12) to cathode 8. The midpoint of this cir-
éuit is connected to grid 1. A voltage change at
plate 4 at tube PA(12) is transmitted to grid T
through condenser DPI(12) over a circuit ex-
tending over conductor 1281, contact 8 of relay
AON(® upper winding of relay P(13), contact
8 of relay AON({9), contact 2 of relay CDP({9)
and conductor 1910. If the voltage change drives
the grid negative, conduction will drop in the
cathode 8, plate 6 circuit. The change in voltage
at plate 8 will cause grid 8 to become positive
with respect to its cathode. Current will then
flow in the cathode 2, plate 4 circuit. Grid 7 will
remain negative with respect to cathode 8 until
the capacitance DPI(12) connected between grid

1 and plate 4 becomes charged through the series

resistance DP2(12). 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 & circuit there-
by restoring the multivibrator cireuit to normal:

If the cathode 2, plate 4 circuit of tube PA(12)

is in the conducting condition and steady, tube
DP(12) will remain in the normal condition. " If
however the current through plate 4 of tube

PA(12) is low owing to changes in voltage on the
line, the timing condenser DP{(12) connected
between elements 4 and T of tube DP(12) will

be rapidly charged through a path consisting of

grid 1, cathode 8 of tube DP({2) in parallel with:
Tube DP(12)’

the 205,000-ohm resistor DP2(12).
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(i8) 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:
This permits:
a reduction in the amplifier bias to be made when"
Such a.

change occurs with short loops.

the connected loop is of low resistance. :
reduction is required on some short locp condi-

tions in .order to prevent splitting dial pulses.

10

20

25

16

Corrections in bias voltage with changes in puls-
ing loop are controlled by the tube B2(19) (ele-
ments 2, 3 and 4) and associated circuit. Tube
B2(19) 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 be low. 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(19);
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(19)
in this eircuit), therefore the charge will be builé
up rapidly on the condenser but will be dissi-
pated at a reduced rate. Grid 3 of tube B2(19)
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 Bi13({9) and
Bi{(19) in series with potentiometer B2({9).
Any increase in voltage beyond this value will
be counterbalanced by the voltage drop across
resistance B7(19) in the cathode 2, plate 4 cir-
cuit of tube B2(19). 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 1.(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(19) in the monitor operates, closing a circuif
from ground over its contact, conductor 1804,
contact 2 of relay RPEI(2), conductor 282, back
contact of relay EMP(6), conductor 613, contact,
2 of jack L(20), upper windihg of relay L(28).
contact f of jack L(2) to battery.

. When the biasing circuit for relay L(28) was
closed, causing relay 1.(20) to close its contact i,
a circuit was completed from ground at contact
5 of relay AON({9), conductor 1986, contact 1
of relay L(20), conductor 2001, winding of relay
LA(13), conductor 1300, resistance LAI(20) to
battery, operating relay LA(13). Relay LA3)
in turn closes a circuit from ground at contact 6
of relay AON(19), conductor 1907, contact { of
relay LA(I3) to battery through the winding of
relay LAI(I13). Relay LAI({3) operates and
locks over its contact 2 to ground on conductor
1867, independent of relay LAUI3). :

Ground on conductor 1967 also extends
through resistance RAA(20), contact [ of jack
RA(20), upper winding of relay RAA(28), contact
3 of jack RA(20) to battery, biasing -relay
RAA(20) in a direction to close its contact I.
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 RAA(20), contact 5 of jack RA(2)), con-.
ductor 2002, condenser RA(I3), resistance’
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RA(13) to ground; in which' conidenser RA(13)" is-

normally- charged:
When relay P(19) operates in' response to.a
dial pulse; closing the  gbove-traced circuit: for

18:

These- operationy are: repeated: in- response* t6*=
succeeding pulses so that, at the -end’of: thie frst*
and each odd numbered pulse relay: LEM3) i§
operated’and at the end’ of the second’ and-each*

relay ‘1.(20), relday-L(20) opens its contact | and’ 5- even numibered: pulse: relay LEMA3" i§ reléased.

closes its contact 2. The opering of’ cortact’ I

causes.relay LA(13)- to-release, completing, a cir--

cuit' from ground on’condictor:190T over’ cortact
2°of relay LA(13); contact 3" of relay LAI(13): to*

A'locking:cireuit is provided from bwttery through:
the lower winding of" relay LD(13) and" over-itst
contaet’l‘and contact I'of Telay LC (133> to ground’
o conductor 1382 to insure that relay: LC(3H°

conidiictor 2002° and the lower winding:of relay’ 10" releases before reiay LD(13) can" reléase to res-

RAA(ZO) causing relay RAA(20) to'close its con>
thet 2 and discharging condenser'RA(13).

At the end:of each-dial pulse-relay 1.(20)° re-
closes* its. contact {; reoperating: relay LA
which opens the. circuit through’ the lower wind-
ing® of: relay: RAA(20). However: comnderser
RA(13): now charges: in’ series’ with" the" lower”
winding’ of. relay RAA(20) causing that relay.to
hold. its contact 2. closed unti]l the charging cur-
rent” decreases. to” the point- where, the  biasing’
winding becomes effective to- open-comtact 2 and’
close contact . The circuit eléments 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.ih re-

sponse to the fii'st’ of a series of dial pulses, it

completes. a circuit’ from.ground . over. cohtact -1’
of: relay. LAI(13), conductor 1301, contact 2 of
relay. RAA(20), conductor 1302, contact 2°of re~
1ay. DON(20), contact 3 of relay. PST(20). to bat-
tery. through the winding. of the. latter reélay.
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-
hg. cireuit for: relay TMA(I1). to recycle the tirh-
er; Relay-PST(20) closes a .circuit from ground’
over 1ts contact’. 1. contact i of relay RAI (20)

op_eratmg that relay.

Relay Li(20) of the monitor is provided with
the same corrective devices.ds the pulsing relay.
of the. origihating register in ordet. that it.may.
prodiice” good pulses at.its contacts. These are”
discussed. in. detail if- tHe alove-rhentioned’
Btisch application:

When relay L:(20) closes ity contact 2, it con-
nects. grourid: on’ conductor 199§, over. that con-
tact;. conduetor: 2003;. ubper winding of relay:
CDP(19);, contact. 3: of relay: AON(19);, to°con=
ductor- 1908’ leadihg to the  pulse- divider- relays
LCH3Y;, D3 and LE(13). The first connec~
tion, of ground’ to. condiictor 1908 completes  a-
cireuit over contact”I-of relay LE(13): to-battery”
through the windihg of relay LC(13). Relay
LCU3) operates‘in this circuit' and locks" through-
the lower windihg of relay LE(13), contact 2 of*
relay-TiD(13); contact' 2 of relay LC( 12) toground
connected to conductor 1302 by relay RAA(2D),
but relay LE(13)" cannot’ opetrate, being* shunted
by thie operating-circuit of ‘relay LC(13).
erid of ‘the first'pulse, when relay I:(28)- opens’its’
contact” 2 and" removes’ ground from conduetor
1908, relay LE(13) operatesin this locking cireuit:

When relay-Xi(20) again' grounds- conductor-
1908 in’ response to-the-second-pulse; &' cireuit’ i$
closed ' from ground on-conductor- 1958 over ‘con--
tact 27 of relay  LE(13), upper winding: of that
relay, upper winding of relay IDU3) to battery,
holding- relay LE(13) operasted’ and’ operating:
relay BD(13) . Relay TD¢13) opens the citcuit of’
reliy TIC(18)" causing that relay to:reléase: . At
tHe"end’ of the" second”pitlse; relayssLE(I3): and’
LD(13) release,
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. the: winding: of " relay P5(I3):

close” the-operating circuit for relay LC(13)%
With- relay LE(3) operated, ground is cox=-
nected’ from: coniductor {882° over 1ts contact 3!
10 the odd’ puise conductor 1303 and with relay”
'LE(18) reledsed; ground on’ conductor 1302 is
extendedl’ over contact 4 of relay LE(18): to the
even nulss- conductor. 1364 leading to~tHe: pulse~
countmg relays. At the first operation of relay-
TE (%, ground connected’ to:- conductor- 1308
completes o, cireuit over contact 6of relay Pa(13);
contact” 6 of  relay P2(13), contact 3-of reidy’
P2(i8), contact 2 of relay PE(18)- to: battery”
through the  lower winding of relay PI(I3)..
RelayP1(13) operates and locks.in a circuit from

battery through its upper winding and overits

contact 3, and a chain circuit ificluding contaet 2~
ofi relay P2(18), contact & of relay P3(13); con=-
tact 2iof relay F&(I8), contact 4iof relay. P5(13),.
condictor 1305, contact I: of relay RAI(28)- to:
ground st contact 1. of relay BST(20).

When ground is connected-to conductor 1304-in:
response to-a-second:pulse;.it-completes a eircuits
over'contact B of relay PI(18) to battery through-
the winding™ of relay” P2(13). Relay P2(13):

- operates; locking: over:its:contact 3 to the above-

traced chain -circuit and then .opening:at its:con=:
tact.2:the locking: circuit for. relay PI1(13) which:
thersupon releases:.

In respornse’ to.a:- third pulss; ground is again:
; coxineeted: to- conduetor- 1303, completing a- cir=:
cuit over contaet § of relay PA(i¥) and contacti
B ofrelay P2(13)- to battery through the winds-
ing: off relay’ P3(13): Relay: P3(13) operates;.
lockitig over the chain: clrcmt and releasing relay;
P2:(13).

When conductor 1384 is groundeéd in response:
to:- & fourth: pulse’ a circuit: is. completed from
that conductor-over-contactif. of relay P3(13) -to-
battery: through the- winding of: relay: P4({3).
relay P#(13) operating,- locking over the- chain:
cifcuit-gnd releasing relgy P3(13).

Ground connected- $0: conductor 1383 in.re~
sponse-to:a: Afth: pulse completes a: circuit’ over:
contact 5 of relay P4({3) to hattery through-
Relay' P5(13)
operates: and: locks. in- a- citcuit from battery:
through' its - wifiding; contact: & of relay PI(I3);-
contaet’ §5- of relay- P5{i3)" to: ground- over con=-:
ductor 1385- as-above traced: - At its contact-4:
relay- P5(18)- opens the locking circuit of- relay
P4(13) causing that relay to release.

A sixtl pulse causes: conductor (2394 to- be’
grourded; completing- a cireuit: over: contact: 67
of relay PH(I8); conductor (1398 to battery
through*: the- lower wingding: of' relay P8(29).
Relay - P6(28)° operates- and’ locks in¢ a- cifcuit’
from-battery: through - its-upper winding; over its-
contact 3 to ground on conductor {395, thereby-
remainingoperated throughout subsequent:pulses.
Relay: P alsosremains-operated through: the:
sixth'pulse:- At its'contact 4, relay: PE(20)’ closes:
a~circuit for operating relay PEA(28):

Piilses: 1,.8; 9:and’ {§ cause the: successive: op=-
eration® of relays: BICE3), P2Ci8),. P32 andz

75 PAi8)! over- the cifcuits:traced for pulses: I 2.3
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and -4- respectively. -Relay PI(13) in operating
releases relay P5(13). Since relay P5(13) is
operated when Pi(13) is operated to count a
seventh pulse the operating circuit for relay
Pi(13) is closed at contact { of relay PG6(20)
instead of contact 2 of relay P5(i3) and a sup-
plementary locking circuit is provided for relay
P1(13) extending from battery through its upper
winding and over contact 3 of relay P1({3), con-
tact 2 of relay P2(13), contact & of relay P3(i3),
contact 2 of relay P1(13), conductor 1301, con-
tact 2 of relay P6(28) to ground over conductor
1305. With relay P5(13), released the previously
traced chain locking circuit is reclosed for lock-
ing relays P2(13), P3(13), and P4{i3).

At -the completion of a digit, these pulse
counting relays serve to ground two out of the
five conductors 2610, 2641, 2012, 2014, and 2017
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:

1;"11(1)5'3 Relays Operated %’&%‘}%335
DU e — 2010, 2011
13) - 2010, 2012
3 LC(13), LE(13) P3(13) I 2011, 2012
P4 2010, 2014
LC(13), LE(13) P5( ____________________ 2011, 2014
- 13}, P6(20), P6A(20)_-- 2012, 2014
LC@13), LE(13) Pl (13) PS(ZO) P6A (20)-.- 2010, 2017
- P6(20), P6A(20)-—_ 2011, 2017
LC@3), LE(13) P3 (13) P6(20), P6A (20— 2012, 2017
(13), P6(20), P6A(20)—- 2014, 2017

At the end of a digit, relay LA(43) remains
operated long enough for relay RAA(28) to open
its contact 2 and reclose its contact |, completing
a circuit from ground at contact | of relay
LAf(13), conductor (38!, contact | of relay
RAA(28), contact 2 of relay PST (20) to battery
through the winding of relay RAI{(20). This
ground, supplied by relay RAA(28) also extends
over contacts | and 2 of relay PH(28) to conduc-
tors 2604 and 2085 and contacts of the pulse
counting relays, to ground conductors 20i0 to
2017 in accordance with the above table.

For exampile, if the digit 3 were dialed, relay
P3(13) would remain operate at the end of the
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digit and ground on conductor 2084 would be _

extended over contact f relay P3(i3), conductor
1308, contact 2 of relay P6A(20) to conductor
2014, while ground on conductor 28608 would be
extended over contact 2 of relay P3(i3) to con-
ductor 2012.

If the digit dialed were 9, in which case relay
PG6A(28) would be operated in addition to relay
P3(13), conductor 2812 would be grounded as
above, but conductor {388 would be extended over
contact | of relay P6A(208) to conductor 2017.

Conductors 2018 to 20i7 extend through cable
14-20B to the armatures of relay CLIA({4)
whence they extend over normally closed con-
tacts on relays CLIA(i4), CLSA(21) and CRSA-
(21) to the armatures of relay ASA(21) and, with
relay ASA(21) operated as above described, to
the windings of relays AD(22), Al(22), A2(22),
A4(22) and AT(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(13), conductor 1309, contact 5
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of relay- P8A(20), conductor-2012, through cable-
i4-20B, contact 5 of relay CLIA(14), conductor.
1412, contacts § of relays CLSA(Z{) and CRSA-

(21), contact .6 of relay ASA(2{), conductor 24i2 .
to battery through the winding of relay A2(22);.
from ground on conductor 2085, contact 1 of relay

P5(13), conductor 20i4, through cable 14-20B,

contact § of relay CL{A(i4), conductor 14i4, con-

tact 6 of relay CLSA(2{), contact 8 of relay

CRSA(2f), contact T of relay ASA(21), conduc-.
tor 21i4 to battery through the winding of relay

A8(22). Relays A2(22) and A4(22) operate in

these circuits, locking over their contacis 4 to

conductor 2200 which extends through cable 15-

22 to ground at contact 5 of relay ONR(fD).

It may be noted that relays A0(22) and Al (22) -
may only lock when operated.in combination
with one of the relays A2(22), A4(22) or A7(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 RAL(20) operates it opens at.its
contact | the locking circuit for relays P5({3)
and P6(20), and the operating circuit of relay
PH(208) but, before doing so, closes an alternative
operating and locking circuit for these relays
which may be traced from conductor 1385 over
contact 6 of relay DON(29), conductor 2906
through cable §4-20A, contact | of relay TO(14),
conductor {401 through cable 14-28A, contact 3
of relay DON(20), contact 2 of relay RA{(20)
to ground at contact i of relay PST(20), thereby
holding relay PH(28) and the pulse countlng re-
lays operated.

Relay RA(28) also closes a circuit from
ground over contact 3 of relay PH(28), contact 3
of relay RA{(20), contact & of relay DON(20), to
conductor 2007. From .conductor 2007 the cir-
cuit extends in parallel through cable {4-20A
through resistance TO(14) to conductor 2882 and
over contact | of relay DON(29), conductor 2888
(through cable 14-20A) through the upper wind-
ing of relay TO({4) to conductor 2882, and thence
over contact | of relay CLI(14), conductor 1402,
contacts | of relay CLS(21) and CRS(21), con-
tact 8 of relay AS(21), conductor 2183, contacts
3 of relays A2(22) and A4(22) in parallel, con-
ductor 2284, 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 § of relay CS(28) to ground on
conductor 288f. At its contacts 5 and 6§, relay
BS(28) transfers the locking circuit of relays
AS(2§) and ASA(21) from conductor 28§ to
conductor 2802 which extends as above traced to

, ground at contact 8 of relay PH(28).

Relay TC(14) operates in the above-traced cir-
cuit and closes a locking circuit for itself from
battery through resistance TO1 ({58), contact 3 of
relay ONR(I5), conductor {50{, lower winding
and contact 2 of relay TO({4), conductor 1481,
to ground at contact | of relay PST(28) as pre~
viously traced. At its contact i, relay TO(14)
opens the holding circuit for relays PH(28), P5-
(13) and P§(i3) permitting these relays to re-
lease. The release of relay PH(28) opens the
holding circuit for relays AS(2{) and ASACI)
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 theé next digit felay RAA-
(28) opens its contact 1, releasing relays RAI(26)
and TO(14) and at 1ts ‘contact 2 grounds con-
ductor 1382 to prépare for counting the second
“digit.

The counting of the succeeding digits and the
_operation of steering relays CS(28) and CSA(28),
to GS(86) and GSA(30) take place in stibstan-
‘tially the manner described for the first digit.
When relay RA(20) operates at the end of the
Iast digit, relay STS(82) is operated to prepare
for an efid of signal indication. o

- Since it was assumed that the called line des-
‘tination was Media 6-—7890, in addition to relays
A2(22) and- A4(22), relays BI(29), B2(29),
C2(29), C4(29), DB (2%, D129y, BI(31), ET@ED,
F2(81), PT(21), GAI) and G‘l(3l) will be op-
erated.

When the originating register recognizes that
puising has been complcted, it operates relay
MST(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-
filed as cable {-25C, through the origingting
register marker eonnector 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 ircluded 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 & trunk outgoing
to another office. If the call is to be eompleted
locally, the marker seizes an intraoffice trunk,
after which it operates 4 relay such as relay
N(!) causing the numerical designation of the
called line to be set up simultaneously on the
called numerical registers and the called number
transfer checking registers. The marker then
ealls ir ‘a number group circuit to determine
‘the location of the called line and proceeds to
connz=ct the called line with the selected intra-
office trunk, after which it connects the calling
line 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 Ye extended to a distant office,
the marker seizes an idle trunk leading to that
office and an idle outgoing senider to serve such
trunk, after which it operates a set of relays
represented by relay K(1) which connect the
numeérical conductors incoming from the origi-
‘nating register to a corresponding set of condue-
tors, represerited by cable 1-25E leading to the
outgoing sender connector and therethrough to
the outgoing sender. Relay K(1) also closes cir-
¢uits for transmitting the called office code from
the registers to the oufgoing sender. At the same
time the complete designation is set up on the
‘called number transfer checking registers. The
marker then connects the calling line with the
selected trunk and releases, leaving the further
extension of the connection under the control
of the outgoing sender.

“When relay MST(28) operates, it disconnects
‘ground firom ¢éonductor 2532 leading fo the aufo-
meatic monitor, thereby opening the operating
‘circuit above traced for relay RPSI(2) and per-
‘mitting pulsing ended relay RPE1(2) to operate
in the locking circuit of relay RPSL(2).

Relay RPEI(2) in operatitic opens the cireuit -

&

10

20

25

30

35

40)

45

60

85

60

65

70

augiliary pulsing enided relay PEA(D).

22
for relay L(20) to prevent the monitor from tegis-
tering any further pulses. In case the register

THias to Feturh a coiti or make a two parfy of éoin

test before seizifig a marker, it operates relay

‘MST1(28) befors these operations take place as
deseribed in the sforementioned Bisch appli-

¢éatlon, and the operating ground for relay
MSTI(25) is extended over cotitact 12 of rélay
MO(25), coridiictor 2508 through eable 6-25, ¢oti-
tact | 01" relay DOR(6) to battery through the
windinig of relay EMP(8). In this ¢ase, relay
EMP(8) operatss to open the operating cireult
for relay L(28) and prevent the registration of
farther pulses.

When relay RPE{(2) operates it ¢losas at its
e¢ontact 2, an obvious eiréuit for operating the
] ‘Relay
PREA(2), at 1ts cortaet 4, further opens the oper-
ating circuit of relay RPSI(2). At’its contact

3, reldy PEA(2) connscis stound t6 conduictor

293, completinig a circiit over contact 4 of relay
PH(20), when thst relay releases gt the end of
the last digit, conductor 2099 t6 battery throiigh
the winding ¢f relay PEUT). Relay PEUT)
gonnecéts ground over its contact 2 6 .condictor
{788 which extends through cable (4-18A, over
contact § of relay AS(21) conductor 2196 through
cable { sZ_=i8C, coritact 3 of relay (0(18) to con-
dugtor 2847 and thience through éable 14-18B,
over conitact 7 of relay CLIA(IS), eonductor 14(17,
cotitact 7 of relay CLSA(21) contacts 18 of relays
CRSA(Z1) and ASA(21), conductor 2(21, con-
tacts 16 of rélays BSA(28), ESA(28) and
DSA(28), conductor 2§(7, contacts 10 of relays
ESA(Y) and FSA(30), contact 6 of relay
GSA(E0), conductor 331'! contact ‘5 of relay
STS(22) to battary through the winding of relay
8T7(32). Relay STT(32) operates ini this eireqit
and locks over its contact 3 and coridiictor 3200
througii cable 15-22 to ground at contacts 6 of
relay ONR(15).

Relay PEUT) is made slow to operate and its
cireuit is carried over a back contact of relay

PH(2Z® to insurs that the stseriiig cireuit will
‘have advanced before thie efrcuit of ralay ST1(32)

is closed. If the designation disled uses iess than
seven digits, the ciréuit .closed by relay PEUD
operates the No. 7 register relay of the rvegister
following that used for the last didled digit. For

exambple, if the office called has a two digit code,

steering relay GSA(30) would be operated fol-
lowing ‘the dialing of the last digif, and the eir-

cuit closed by relay PE(T) would be directed to

relay GT(31). The ¢ircuit closed by rélay PEGT)
is carried over a back confact of relay AS(21)
to prevent operating relay AT(22) on a permarietit
signal, since the register does not operate the
corresponding relay under a wermanent signal
condition.

When relay RPE{(S) operates, it closes a eir-
cuit from battery through resistance STCI(2),
contact | of relay RPEL(2), conductor 204, coti-
tact § of relay RTCH(18), condilctor 1681, contact
2 of relay NRRUT), contact 2 of relay’ TRB(IT)
c¢onductor t18¢, contact 1 of relay TRC(19), ecti-
ductor (602, throuﬁh cable 5-10A to the wmdmg
of ‘monitor preference relay MON(5Y at the
master test frame connector. This circult ex-
tends to ground over contacts of a chain ~of

‘marker preference relays so that the monitor

cannot seize the test frame conneétor if a marker
is also trying tc seize the contiector to miake a

trouble record. The circuits of the test frame

cohnector are disclosed ini more detail in the above

g idenitified application of O. H, Williford,
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If the connector is idle, felay MON(5) oper-

ates, locking to ground at its confact f.
' . With relay PEA(2) operated, a circuit is pre-
‘pared extending from ground through the wind-
ing of relay MM(7), conductor 168, contact 8
of relay STM(8), conductor 614, contact 4 of
relay MTR(i0), conductor 1883, contact | of
relay PEA(2), conductor 205, contact 3 of relay
DOR(6), conductor 65 through cable 6-25, con-
tact 5 of relay M8(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({) operate in this
circuit, relay MON(!) closing a locking circuit
for itself over its contact 4, conductor 102, con-
tact of relay CKGI(5), which operates as soon
as the marker is seized, conductor €14 through
cable 5-10B to ground through the winding of
relay MM(T).

The conductors of cable 5-10B are connected

in multiple to all markers, but since the relay
MON(1) 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(I) operates, it opens the
circuit of relay OST2(8) 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 RPSI(2) operated, a circuit is closed
from ground at contact 2 of relay RPSI1(2) over
‘conductor 206 through cable §-10B, over con-
tact § of relay MON({), conductor 103 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 MON(I).

Whenever the test frame connector is busy,
relay ON(5) is operated, connecting ground over
its contact 4 to conductor 50f through cable
5-10A to the automatic monitor where it ex-
‘tends over contact 3 of relay CI({0), conductor
{004, contact 2 of relay MTRI(IT) to battery
through the winding of relay TRB(IT). Relay
TRB(IT) operates in this circuit and at its con-
tact 2 opens the previously traced circuit for
relay MON(5) for seizing the test frame con-
nector. With relay TRB(i1) operated, when
relay MM(7) operates as above described, a cir-
cuit is closed from ground over contact 2 of relay
ONM2(T), conductor 709, contact | of relay
MM(1), conductor 710, contact | of relay
RTC2(i0), conductor 1865, contact 1 of relay
TRB(17), to battery through the upper wind-
.ing of relay NRR(I7). Relay NRRUT) oper-
ates and locks over -its contact | to ground on
conductor 709, independent of relay TRBUT)
and further opens the operating circuit of relay
MON(8), 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 MON(5) operates as above described,
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it closes a circuit over its contact 2,-conductor
502 through cable 5-10A, to battery through
the winding of relay CI(18). Relay CI(10) op-
erates, opening the operating circuit for relay
TRB(17). Atits contact 5, relay CI(10) connects
ground over conductor {006 through cable 5-10A
to battery through the winding of relay ON(5)
to make the test frame connector busy to other
circuits. At its contact 1, relay CI(10) closes
an obvious circuit for relay CII(I0).

Relay CIi(i0) at its contact 5 closes a circuit
from ground over conductor 1897 through cable
f1-14B to battery through the winding of multi-
contact relay MCB(33). At its contact 6, relay
CIi(10) closes a circuit from ground over con-
ductor 1008 through cable {1-26 to battery
through the  winding of multicontact relay
MCA(27). Relays MCA(ZT) 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
RMI{(5) which operates, connecting ground over
its contact 3, conductor 563 though cable 5-104,
contact 2 of relay CI(i0), conductor {009 to
battery through the winding of relay MTRI(UT).
Relay MTRI(47) operates, locking over its con-
tact | to conductor 503, independent of relay
CI(18). Relay MTRI(17) further opens the cir-
cuit of relay TRBUT).

In addition, relay CI(i8) closes a circuit from
ground over contact { of relay TRRI(IT), con-
ductor (702, contact { of relay CI(i10), con-
auctor (618, through cable 5-10B, contact 7 of
relay MON({) 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(21)
indicated by cable 5-27A, which extends through
cable 8-27C 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 1-5A which are branches of
the circuits, represented by cable 1-25C, 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 FI9 to FT3 (not
shown). The units digit of the frame number is
recorded by operating two of the five relays
FUAR), FUI(B2), FU2(32), FU4(32) and
FU7(32). Two of the six relays VG0(32),
VGi(32), VG2(32), VG4(32), VGI(32) and
VGI8 (not shown) are operated to give the ver-
tical group of the calling line. Two of the five
relays HGD(32), HGI(32), HG2(32), HGA4(32)
and HG1(32) are operated to record the hori-
zontal group, while one of the vertical file relays
VF8(32) to VF4(32) are operated. .

In addition, a record is made of the number of
the marker which is handling the monitored eall.
For this purpose, relay MCA(217) closes a circuit

from ground over its contact;ﬁs, conducto;' 72‘!‘00.
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through cable 5-21D, 1o the master lest frame
connector, where /it ‘is .extended .over contact 8
gf relay ;MBK(5), which ‘is "individual to the
marker 0 of PFigs. 1.and ‘5, to conductor -504
‘through.cable3-2TD, contact 30.of relay MCAQ21),
conductor 2701 ‘through cdble 27-32 to battery
through the winding of relay M0(82). Relay
_NIB(32) .operates and locks over its.contacts and
conductor 3201 through cable 728 ‘to ground at
contact 8 of relay QNMI(T). 'The calling line
Toeation relays alsp lock to conductor -3201.

“The called;line number is passed from the orig-
inating register to .the marker by grounding cer-
tain of the conductors of cable 1-25D. These
conductors are extended - over $he branch circuits
indicated by conductor 1-5B to the master test
$frame-connector where'they:are futther extended
‘over conitacts -of ‘the -multicontact rélays repre-
-sented by -relay BCD(S) ‘to -cdbles 5-33A -and
H227C -and ithence -over -contacts -0f multicontact
-rélay TMCB(33), ‘through cables '22-33, 29-33A,
29-33B, 29-33C, 31-33A, 31-33B:and-31<33C to:the
.¢hec¢king registers of Figs.’22,'29 and"33. ‘Assum-
-ing that ‘the :nuniber has “been correctly trans-
‘mitted by theoriginagting register, relays KA2(22),
FAR(22) , KB1(29), KB2(29) , KC2(29) ,/KC4(29),
KD(28) , KDT(29), KE«(33), KET(33), KF2(33),
RET(33) , KGE(33) and KG7(33) 'will be operated.
‘In addition, 'rélay RSTTF(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
“HMSI (1) -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(S),
-over -conductor 505 through-eable 5-27C, contact
44 of ‘rélay MCA(21) “in ‘the -automatic monitor,
-conductor 12702 -through -cable ‘1<28, :contact 4 of
relay ORN(8), conductor ‘616, to battery through
‘the -upper -winding of ‘relay RTCIC¢I0). ‘Relay
RTCH(18) operates in this circuit and closes -a
Jocking circuit+for -itself from battery through its
dower -‘winding and rover its contact 3,-conductor
4811 ‘toground at -contact 5 -of -rélay 'ONM2(T).
At its contact A, relay ‘RTCI¢I0) -opens ‘the ¢ir-
-cuit -of rélay MON(5) Hin ‘the master “test frame
-connector, causing ‘that -rélay ‘to release, Reélay
MON(5) opens the circuit of relay CI(19) ‘in‘the
monitor, which in turn disconnects -ground from
-conductors 1608 and 1010 to release relays ON(B),
‘MERB((5) -and the multicontact relays-represented
by relay BCD(B) in‘the test frame cconnector, to
-restore the cconnector *to: normal:and .disconnect
the ‘marker from the :automatic :monitor. The
xelease of the ymarker -proceeds :as described :in
-the ghove=mentioned Busch:application.

‘Relay CI¢i8) -also releasesirelays MCA(21) :and
MCB(33) ‘to disconnect the registers-of-the moni-
“tor:from the test frame connector. Relay-ON(H)
An-the test frame.connector-releases relay RM1(5)
which -diseonnects -ground from -conductor .503,
thereby releasing . relay. MTRA (1T in the monitaor.

Relay RTCI-¢10) -at its contact 2 closes.an:obvi-~
-ous.circuit:for relay RECZCI0) . Relgy RTC2(10)
.operates.and opens the .circuit .of relay NRRI1)
o prevent that relay .from .operating if .relay
TRB(17) is operated in response to an.immediate
reseizure of the master test frame connector by a
marker wishing to'make:a:trouble:record.

At .its contact.2, relay RTC2(16) closes a .cir-
cuit from babtery through the winding of rélay
CRS(T), conductor 1703, contact 2 of .relay
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PE(T), conductor 1784 1o ground at contact 3.0f
reélgy ONM2(T). Relay CKSC(17) operates:in-this
circuit, locking over ‘its cantact f-to .ground-on
-conductor ‘17184, and initiates the checking of the
numbper -as received by -the originating register
against ‘the numbher as transmitted from the reg-
‘ister-to the marker.

Tn'the registers of Figs. 22, 29 and 31, eachrélay
used-in registering the dialed number as received
“hy ‘the ‘monitor :is -paired with a corresponding
relay which records the mumber -passed “fram
leg:tster to marker. For. instance, relays A8(22),

AF(22), A2(22), A8(22) and AT(22) -are -palred

espectlvely, w1th relays KA0(22), KATQ2),
KA22D, KA4(22) and KAT(22). "The .checkmg
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 check path requires<that
the two numbers ‘be exactly -the same. In ‘the
-present case the checking circuit ‘may “be ‘traced
-from ‘battery through resistance CKS(i1) -over
contact & .of relay CKSUT), conductor “I705
‘through cable 18-18A, contact | of relay FIR(¢i4),
conductor 1409, over contact 1 of relay TDMHH
or .over contact { of relay 11’ (18), cortact *f -of
relay 42°(15), contact 3 of -relay PI(18), -con-
ductor 1587, normaslly closed ‘contacts 'l -of -relays
T, SE(E5), S0 (15),, conductor 1502, -con-
‘tacts | of ‘relays S12(22) and 'S02(22), which
relays are not -used ‘in the ‘call above -outlined,
conductor’2292, contact -l of relay DCR(2H),,-con-
‘ductor 2204, ‘back -coritacts ‘I of ‘relays’ KAO(22)
and AG(22), KAL(22) and Al(22), front contacts
2 of relays KA2(22) and -A2(22), KA4(22) and
A&22), back contacts ¢ -of ;relays KAT(22) “and
AT (22), conductor-22088, back:contacts i cof:xelays

KB2(28) :and B0(29), front ‘contacts 2 :of relays

KBI1(29) and /B(29),"KB2(29) and:B2(29) ,"back
contacts 1 :of relays KB4(29) and B4(29),
KB1(Z8) .and ‘BT(29) and iin series.over similar
:paths‘through the 'C, D, 'E, 'F-and ‘G registers to
conductor 2108, front contact 2 of rélay KSTT(32)
and-front corntact 't -of reélaySTT(32),:conductor
:3202 through: cable :14-18A to ground through'the
winding -of ‘relay CEKN(18). ‘Rélay ‘CKNS) by
.operating "indicates ‘that .the -numibers received
from-the two-sources-are the same-and locks-over
‘its cortact 3 to battery -on conductor '1705.

At ‘the same ‘time ‘that relay :CKSC{T) -eon-
nectedl batteryito:the above-traced: checking ¢ir-
‘edit, “it -connected ground ‘from eonductor H0f1
-over ’its cortact 5 .and ‘conductor *IT06 :to battery
through the winding of relay CKE(18). ‘Relay
TCKEC®) ‘is $low to -operste ‘to permit -rélay
.CKN(#8) to operate if ‘the.checking :¢ircuit ‘is
If relay CKN({8) fails to operdte, re-
lay CKE(I8) closes a-circuit’from ground:at con-
tact 4 :of relay ONM2CT), -conductor 17108, :con-
dact 5:0f rélay NRRCIT), conductor :§800,:contact
4 -of relay CRE(I8), contact f -of relayCKN(I8),
‘conductor 1707 “to ‘battery through:the winding
cof velay "TRRUGT). Relay TRRICED operates
‘in #his -cireuit, locks-over:its:contact 4:to:ground
-on -eonductor 1708 and 1mt1a,tes the ‘makKing-of
-a,“brouble’record.

If rélay ‘CKNCI8) operates to‘indicate a :sue-
-gessful -check, "rélay CKE(I8) closes -a circuif
“from-ground-on conductor 1800 over its-contactt
and eontacdt’'? of relay CKN(18), contductor:1801,
contact | of relay TRR2(10), -conductor ‘1013,
-contact *2 -of reélay " MM(TD), which réleasedwhen
the marker released, contact 11 -of relay ONMICT

RTC2(iB), conductor 1012, contact 1 -of ‘relay 75 to batlery through the winding of relay RN(‘I)
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“The.circuit of relay RN(T) is controlled by re-
‘lay MM(T) to insure that the marker involved
in the call releases before the monitor. Relay
-MON(1) of the marker is therefore held operated
's0 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
cireuit . for relay DOR(8), which in turn opens
"the holding circuits for relays M8(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 ONMI(T) and
~ONM2(T). Relay DOR(6) also releases relay
"MK((14) and relay DON(20). Relay ONMI(T) re-
-leases relay MAC2(8), MPCI(6) and the calling
-line register relays. Relay ONM2(7) releases re-
-lay CKS(1T). Relay DON(28) releases relay
ONR(15) which releases the called line number
-registers.

-In- addition relay ONMI(T) releases relay
MSR(3). ‘This relay is slow to release to permit
-all of the monitoring relays to release before re-
leasing relay MSRI(3). When relay MSRI(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 ONMIi(7) disconnects
‘ground from conductor 787, thereby opening the
“holding circuit for relay APA(T), permitting that
relay to release and leaving relay APB(1) op-

.erated and locked under the control of relay-

‘STMI1(3). Relay APB(T) 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
‘ONMI{(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(T) to bat-
tery. Relay APC(T) operates and locks over its
.contact 4, contact § of relay APD(T), conductor
700 to ground at contact 3 of relay STMI(3).
At its -contacts § and 6 it transfers the locking
-eircuit of relay APB(T) from conductor 700
‘whieh is grounded under the control of relay
-STMI(3) to conductor 707, which is grounded
-under the control of relay ONMI(T). Therefore,
-at- the end of this call relay APB(T) is released
-and relay APC(T) held operated.

- In a similar-manner relays APD(T) to APK(T)
-of the-allotter chain are operated one at a time,
_successively at the beginning of subsequent calls,
-Jocking under the control of relay STMIi(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
ONMI(T) so that the preceding relay releases
.at the end of the call. Relay APK(T) locks over
_contacts on relay APA(T) and closes an operating
cireuit for relay APA(T). at its contact { so that

the allotter chain operates continuously as long 7

as the monitor is working.

- Relays APA(T), APB(T), APC(T), 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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APF(T), APG(T) and APH(T) operated, ground

is connected to conductor Ti0, operating relay
0S(?) to prepare the monitor to monitor on out-
going senders, while with relays APJ(1) and
APK(T) operated, ground is connected to con-
ductor 711, 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(T) 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 trafiic.

Automatic advance allotter

If the monitor is not used for g 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 moniforing 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 713, completing a circuit
over contact 3 of relay TAPI(3) to battery
through the winding of relay TAP2(3). Relay
TAPZ(3) operates and at its contact 2 removes
a shunt from the timing condenser TAP(T) and
at its contact 3 connects ground through the
winding of relay TPA1(3) over conductor 715 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(2) through resistance TAP2(1), conductor
714, contact | of relay TAP2(3), contact | of re-
lay MSR(3) and conductor T15, 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
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‘relay TAPI(3) operates

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

across the main gap of
the tube. :

Relay TAPI1(3), in operating, at its contact 4
connects conductor 7i4 to conductor Ti5 dis-
charging condenser TAP(7). 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 I,
Telay TAP{(3) grounds conductor 107 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 MSRI{(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
TAPI(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 on outgoing senders

When the allotter relay APF(T1) operates, it
operates relay OS(3) as above described, but relay
0OS(3) is generally ineffective until relays APE(T)
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 ifs eontact .
Relay OS(3) also connects ground over its con-
tact 4 and conductor 314 to.all markers, where,
in the markers in which relay SON({) is oper-
ated beecause that marker is' handling an out
sender class of call, this ground is extended over
a. contact on relay SON(I) to conductor {88 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 211 to terminate regquests
from the markers for originating register moni-
toring.

-When g marker, for example the marker of
Figs. 1 and 5 now is seized to handle a cail which
requires the use of an ouigoing sender, the route
relay R(l) whieh determines that a seader is
required, operates the out sender group relay
OSG(}) which in turn operates relay SON({1)
connecting: ground from conductor 314 to con-
ductor 100, thereby operating the associated
marker preference relay MPQ(4) in the manner
previously: described.

Since relay OR(3) is now released and relay
OS(3) eperated, relay MPO(4) closes a circuit
from ground over contact § of relay MSRI(3),
contact 5 of relay OR(2), contact 6 of relay
0O8(3), contact &4 of relay CMS(3), conductor
315, contacts 4 of relays MP89(4), MP5(4) and
the intermediate marker preference relays, con-
tact 3 of relay MPG(4), conductor 482, to battery
through the winding of relay MON(I) in the
associated maarker. ~Relay MONCIl) operates,
locking over its contact 4, conductor {52, contact
of relay CKGI1(5) conductor €i4 through cable
5-10B, contact 8 of relay STM(§), conductor 08

- to ground through the winding of relay MM(T).
Relay MM(T) does not operate at this time since
it is shunted by the operating ground for relay
MON(1). Relay MON(IL) closes a circuit from
battery through the winding of relay MON1(8),
conductor 586, contact § of relay MON({), con-
ductor (86 through cable 5-188, contact 4 of relay
RTCI(I8), conductor 1814, contact 4 of relay
NRR(11), conductor (188 to ground at contact 3
of relay TM! (£1). Relays MON(I) and MONI(5)
prepare the marker for monitoring.

Relay MON({) at its contact 3, exiends the
operating ground for relay SON(1) of the
marker, over conductor 8%, contact { of relay
STM(6), conductor 617, contact | of relay
RPSI(2), conductor 207 to battery through the
upper winding of relay SON(6) of the monitor.
Relay SON(8) operates in this circuit and locks
int a circuit from hattery through its lower wind-
ing and over its contact 8, conductor &i8, con-
tact { of relay MSR{(3), conductor 783, to ground
at.contact. T of relay STM(6).

Relay SON(B) at its eontact [, grounds con-
ductor 603 to operate relay CMS(3) and open the
operating circuit for relay MON(1) in the marker,
that relay being held operated over its locking
circuit. Relay MM(T) now operates.

At its contact 4 relay SON(8) grounds con-
ductor 607 to operate relays ONMIEK(T) and
ONM2 (1), in turn operating relay MSR.(3), which
in turn operates relay MSR{(3). Relay MSR1(3)
closes a circuit from battery through the wind-
ing of relay MBN(3). contact 1 of relay OS(3)
to ground at contact 4 of relay MSRi#(3). Relay
MBN(3) operates, to in turn operate the msatrker

[

10

15

20

25

30

35

40

60:

65

0

30
busy relays and open the operating circuits: of
the marker preference relay MP8(4) as ahove
described, / ' .

Relay CMS(3) is operated early so that, if the
marker ghandons 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 MSRI(2) 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. o

Relay ONMI (1) operates relays TMAC(LI). and
TMB(18) to start timing and grounds conductor
191 to operate the next relay in the allotter chain,
relay APG(7), as above described.

Relay SON(&) at its contact T connects battery
supplied through resistance STCI(2) and over
conductor 208 to conductor 204 to complete. the.
previously traced circuit for operating relay
MON(5) at. the master test frame connector to
seize that circuit. as previously described.

In the meantime the marker has been selecting
an idle outgeing sender and operating the out-
going sender connector, which- is shown in skele-
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 conduchor 2559 to inform the marker
that the connector has been seized, and the oper-
ation of a sender group relay OSGA, followed
by the operation of a multicontact relay MA(25)
individual to the marker, a multicontact relay:
SAB(25) individual to the group of senders in-
cluding the selected sender and an auxiliary relay
S0¢28) individual to the marker 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{1(25) and S1(25)

associated with: the multifrequency type . out
sender shown in Fig. 34, have been shown as a
part of the same connector.

With relays MA(25) and SA0(25) operated.

. the called line number registers of the sender are

connected over a plurality of conductors repre-
sented by eable {-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. te 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 oufgoing
sender, including eperating circuits for relays:
ONI1(28): 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 AV(24) is cperated: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 SAB8(25) com-
plete a circuit from ground over confact 3 of re-
lay SON(6), conducior 619, contact-5. of relay
SONI(i0), conductor 1815, through cable 5-0B,
contact 8. of relay MONC(L)Y of the marker, con-
ductor 108, over contacts of relays MA(25) and

75 SAQ0(25). in the sender connector, conductor 265§
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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(28) operated a circuit is closed
from ground at contact 7 of relay STM(8), con-
ductor 183, contact 3 of relay RIN(610), conductor
610, contact 6 of relay SON(6), contact 5 of re-
lay STM(6), conductor §20 through cables 2-34
and 24-34, contact 9 of relay M(24), conductor
2400 through cables 24-34 and 2-34, confact 4
of relay STM (6), conductor 621 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 240i
through cables 24-34 and 2-34, contact 3 of relay
DOS(2), conductor 684 to ground at contact §
of relay RN(T).

Relay DOS(2) also connects ground over its
contact 2, conductor 288 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 ONI{(24) and to hold the sender busy after
relay ON{(24) releases at the end of the call.

When the sender has been connected fo the
outgoing trunk through the outgoing sender link
(Fig. 1), ground is connected to conductor 2492
through cable {-23 from the outgoing sender link,
operating relay ON(24). A branch of this con-
ductor is extended over contact 10 of relay M(24),
conductor 2403 through cables 24-34 and 2-34,
contact 4 of relay DOS(2), conductor 698 to bat-
tery through the winding of relay MAC!(6). Re-
lay MACI (6) operates relay MAC2(6) which locks
as previously described, closing a locking ecircuit
for relay SON(6) from battery through the lower
winding of relay SON(E), contact 8 of relay
SON(8) conductor 618, contact 4 of relay
MAC2(6), conductor 622, contact 2 of relay RN(1T)
to ground on conductor 703.

" Relay DOS(2) when operated, as above de-
seribed, also closes a eircuit from ground at its
contact 7 to conductor 101§ and battery through
the winding of relay SON{(10). Relay SONI (10)
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(15) 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({1) 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 316 to ground at contact.

3 of relay TRB(IT1) 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 MON(5) as above
deseribed, in response to the operation of relay
. SON(8) seizes the connector for use by the moni-
tor, and is followed by the operation of relay
CI(10) and ON(2) as described for monitoring
on an orginating register. As in that case, relay
CI(10) operates relay CI{(10) which-also oper-
ates relays MCA(21) and MCB(33). In addition,
with relay SONI (10) operated, a circuit is closed
from ground over contact 4 of relay SONI(18)
contact 2 of relay CII(10), conductor 1017
through cable 17-26 to battery through the wind-
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ing of relay MCC(27) which conneets the regis<
ters of Fig. 26 over cable 5-21TB through cable
5-27C with the master test frame connector. In
addition, ground over contact 2 of relay SON(6)
and conductor 623 is extended over contact 3 of
relay CIf(10) and conductor {818 through cable
{1-14B to battery through the windings of relays
MCJI(14) and MCI(i14) which provide for the
registration of additional -items of information
which the marker may transmit to an outgoing
sender.

Relay CI(10) 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
marker 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(21) operated the location of
the selected trunk is registered on the registers

f Fig. 26. For this purpose, relay MCC(21) con-
nects battery through resistance TRA, over its
contact 86, conductor 2703 through cable §-27D
to the master test frame connector, contact 19 of
relay MKB(8), 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(8) conductors of cable 5-27B, contacts of
relay MCC(2T1) to registers in Fiig. 26. The switch
on which the trunk appears is identified by op-
erating one of the relays LC0(28) to LCH(26);
the level of the switch by operating one of the
relays LiV2(26) to LV8(28) and the appearance
of the trunk in that level by operating either re-
lay FAK(26) or FBK(28). The marker also
closes a circuit for operating one of the frame re-
lays FS0(27) to FS19(2M).

The called line number is transferred over
the conductors of cable I-5B, contacts of relay
BCD(8), cables 5-33A and 5-27C, contacts of
relay MCB(33) to operate the relays XAB(22) to
KGI1(21) and KST7(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 fraine 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 i and in that case the marker
grounds conductor {403, completing a circuit
over contact 7 of relay MCI(14), conductor 1494,
contact § of relay TDI(i5), conductor {503 to
battery through the lower winding of relay
CLI'({4). Relay CL!(i4) operates and locks ih a
circuit from battery through its upper winding
and over its contact 3, conductor 1485, contact
5 of relay CLS(21), conductor 2184 through cable
11-14B to ground at contact T of relay SON{ (1§).
Relay CL{A(14) also operates over this locking:
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eiretiit. . ‘Reldy *CLA (14) and CLHA(H4) prepare
thé nionitor ‘to receive the preliminary -digits 11
from the o6titgoing sender.
- If an-&rbitrary-digit is t6'be transmitted by the
sender the marker grouhdstwo of the conductors
1420 to 1427 to operate two of the relays KRH(22)
to'KRT(28), With any one-of the relays KR8(22)
to KRT(22) operated, ‘a ecircuit is closed from
battéry through the winding of relay DCR(21),
cdonductor 2¢8E, contacts -of the operated omes
of the relays KR8(22) to KRT(22), "‘conductor
2104 through cable 1{~14B to ground at contact
T of relay SONI{(19). Relay BCR(2{) prepares
the digit steering circuit for the reception of the
arbitrary digit and opsns 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 143§ -to :1438, op-
erating one of the relays DLI(2{) to DLS(39).
Relay DL (21) is associated with ‘the A digit and

relay DLG(32) is associated with the next to last
or F digit. If one-of these relays is operated ‘it
indieates that the sender has been instructed not
tossend-cut that digit or any previous digit.

-Assuming that the -eall being monitored -does
not require the transmission of any preliminary
digits, either 41 or an arbitrary digis, and that
the office code 4s also not to be -sent out, relay
CLI(M) will not, be operated. Nor will any 'of
the relays KR0(22) to- KRT1(22) be operated, and
relay DL3(28) will be operated. Relay DL3(28)
locks in a eircuit from battery through its upper
winding and over -its contact 4 to ground over
conductor-2484 as above traced,

The mul ticontact relays MA(25) and SAO(Z.})
of the outgomg sender connector are normally
held by the marker only for s timed interval long
enough to register and check the information
passed to the out going sender. In order {o be
sure that the monitor obtains the 1nformat10n
passed to the sender, relay MON () opens the cir-
cuit of relay OST2(5) which controls the start of
the timed interval as above described,

When relays MCI(i4) and MCJI(i8) operate
they close -a circuit from ground connected to
conductor MS@ by the marker when ready to
t¥ansiis this information to the sender, contact
8 of relay MCI(14), contact 1 of Felay MCJI(i8)
to conductor 288 to complete the circuit pre-
viously traced for operating relay QC’I‘(5) which
recloses the civcuit for relay OST2 (5) o permlt
the time interval to be measured and the multi-
contact relays of the outgoing sender connector
to be released.

When the marker is readv to ogerate the hold
magnets to compiete the connedticn hatween the
calling trunk and the sélected oubtgoing trunk,
relay HMSI(1) is opérated. The operating cir=
cuif for relay HMS1(i) is extéhded as previously
traced to conductor 2702, With relay SONI (19
operated this ground is further extended over
contact § of relay SON1 (1#) and conductor 813
to battery through the upper winding of relay
TLGUT) . Relay THGHT) operatey and locks
over its contact 4 and conductor 181{ to ground
at conbact § of relay ONM2(7): At its contacts
I, 2 and 3, relay TLG(47) connsets ground to con-
ductors 1718, §7it and #7{2 which extend through
cable 7=~ 28 to battery through the windings of
relay LYVG(:D, LCGED and "SG(Ee) respec-
t1 vely. Theserelays operate to provide individual

(28), FBR(28), LV2(28) to LVQ(?S)
LC8ED to 1.C9(28) and FSEQRT) to FSHS(ED).

ng grounds for the operated ones of relays-
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Relay FSG(27) atrits'contact-21 also grounds con-=
dictor 2705 to provide a locking ground for the
operated ones -of relays TF3(32) to TF1(32),
FG3(32) and FGI(32). .

With relays FSG (21, LCGT) and LVG2T)
operated, -a circuit -is closed from ‘ground over
contact A -of ‘relay FSG21); contact 11 of relay
LCG(21),contact 4 of relay LVE(27), conductor
616 to-battery through the upper winding of re-
lay RTCA(I]),, operating relay RTCI(18). Re-
lay RTCH(H6) operates relay RTC2(10) and
hrings about the release -of the master test frame
cormector; -disconnecting the monitor from the
miarker as previously described.

With relay RTC2(10) operated, = circuit is
closed -from ground over -contact 6 of relay
RA'C2(10), contact 2 -of relay SONI({0), conduc-
tor 21506 through cable +1-14B, contact | of re=-
lay ONR( i5); ‘conductor 1400 to battery through
the winding of relay MK(i4) ‘and in parallel with
relay MEK(14) over the back contact of that re=-
Iny; contact 5 of relay €Lt (14), eonductor 2104,
contaet 2 of relay -DCR(2), contact -2 of relay
DLEl(21), conductor 2888, -contact 2 of relay
D1.2(28), contact 3 of relay- -DLi3 (28); contact 3
of relay «DS(‘ZB) to -battery through the windings
of relays DS(28) and DSA(28) -in parallel, oper-
ating the latter relays. With relay DSA(28) op-
erated the pulse registering -conductors from ‘the
pulse counting relays of -‘Figs. 13 -and 20 are ex-
terded to relays D0(28) 1o DT1(29) to register the
first digit received from the -sender on the D
register. Since relay PEMT -has not operated;
relay RTE€2(10) is not effective to start the
checking of the number as when monitoring the
originating register.

When the marker has connected the calling
lirte with the outgoing trunk and is ready to re-
lease, it closes-4 -circuit for operating relay AV(24)
in tHé butgoing sender. Relay -AV(24) locks ‘to
ground-supplied by relay ON(24) and establishes
§ ‘codnhection ‘hetween -conduictors 2484 ‘and 2405;
which dre ‘dorineeted through the -outgoing Sender
link to 'the outgoing erid 6f the trunk circuit; to
indicate t6 the ‘distant office that the séndar is
rezdy to transmit Hulses and to test whether the
equ’lpment at the distdiit office is ready to ré=
ceive them: When the tfunk tést is completed,
the trunk test equlpment is removed and relay
TTH(24) is operated THe trunk test eqiprnient
H48 viot been shown smce 1t IS well known 1n the
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losing a c1rcu1t through the voltage dividef ré-
s1stfmn6es AB(245 and BA(24) and conmecting
ground ovér contact 2 of relay TTID, to the
windings of relay PG(24) in shunt of battery
through res1stanc_' E(Zd) Th1s ground is also
cohneécted to tondenser PC+(24) which is con-
nected in ser1es w1th the upper wmdmg of relay
PG(24) and to the armature of relay PG2#).
6 3 _cifciit exists from reduced battery
potentxal from theé Voltage divider, through the
windings of relays CKP(28) and P(24) and ‘the
lower w1ndmg of relay Pu(M) to ground on con-,
ductor 2406 Relays P(24) and CRP(24) are.
polamzed and are so energized in this circuit that
relay P(24) ho’ds its contact closed and relay
CKP(2%) holds 1ts contaet 2 closed. Relay PG(24) .
is 2 non—blased qoolar relay and is energized to.

When rela.y TTI(20) operates it disconnects,
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ground from resistance BE(24) and the ener-
gization of relays PG(24), P(28) and CKP(28)
is reversed, relay CKP(24) closing its contact I
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(28) 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(28) 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(28) 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 2404 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(248) 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 [ of relay TT!(24), contact T of relay M(28),
conductor 2497 fthrough cables 24-38 and 2-34,
contact | of relay DOS(2), conductor 218 to bat-
tery through the winding of relay DSM(12).

Relay DSM(12) connects the tip and ring con-
ductors 2404 and 2485 over contacts 4 and § of
relay M(24), conductors 2488 and 2409, through
cable 12-18 and contacts 2 and { of relay
DSM(12) to the dial pulse amplifier. The pulses
are counted as described for the originating reg-
ister. - Since relay DSA(28) is the first siecring
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 2418 through
cables 24-34 and 2-34, contact 5 of relay DOS(2),
conductor 2{1 to battery through the lower wind-
ing of relay SPEI(T). Relay SPEI(T) oper-
ates: in this circuit and closes a locking circuit
for itself from bhattery through its upper wind-
ing and over its contact 2, conductor {81! to
ground at contact 5 of relay ONM2(T).

" Relay SPE{({1) connects ground to conductor
203, completing a circuit as above traced for op-
erating - relay PE({7) as soon as relay PH(2D)
releases following the registration of the last digit.
Relay. PE(IT) operates relay ST1(32) as above
described. With relay PEWT) operated the cir-
cuit of relay CKS(!T) is closed and that relay
operates to close the number checking circuit.
This circuit may be traced from battery through
resistance CKS(IT) over contact 4 of relay
CESUT), conductor 1705 through cable 14-18A

and thence to conductor 2204 as previously traced,

over contact 7 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 theé relays of the numerical registers and the
corresporiding checking registers to conductor
3188 and over contact 2 of relay KST1(82) and
contact { of relay STI(32) to conductor 3202
and eground through the winding of relay
CRIN({8).

Relay CKE(18) is operated as previously de-
scribed and, if relay CEN(¢18) operates to indi-
cate a satisfactory check and relay MM(T) is
released to indicate that the marker has released
relay RN(7) operates and locks.

Relay RN(T) releases relay M(24) in the sender
and relay SON(6) and DOS(2) in fthe monitor.
The further release of the monitor is the same as
described for the operation with the originating
register.

The allotter is advanced as above described and
is set to monitor on outgoing senders in the next
two positions, with relays APG(T) and APH(T)
operated.

When relay APJ(7) operates at the beginning
of the sender monitoring operation controlled by
allotter relay APH(T), a circuit is closed from
battery through the winding of relay IR(3), con-
ductor T4i to ground at contact 7 of relay APJ(T):

Relay TR(3) at its contact 2 closes a hoiding
circuit for relay STM2(3). At its contact 4, relay
IR (3) closes a circuit from ground to conductor

{7 and battery through the winding of relay
IRB(12) which prepares the amplifier circuit for
incoming register monitoring. When relay
MSR{ (3) operates in response to the operation of
relay SON(#) it closes a circuit from ground over
its contact 2, contact § of relay IR(3), conductor
318 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 IRB0(4) to IRBS (&)
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 ten, 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
TIRBE8(4) to TRB8(4) if none of these relays is held
operated from an associated busy incoming reg-
ister. When relay APH(T) releases, relay OS(3)
releases, leaving the monitor ready to monitor on
incoming registers.

Monitoring incoming registers

When a call comes info the office from g 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(8) operates, locks and grounds con-
ductor 941 to operate relays ON({6) and RB(9)
in the selected register. Relay ON({8) supplies
off-normal ground for use by the register, while
relay RB(9) closes battery through a resistance:
to the operating circuit for relays RB2(9) ete. 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 RLEK(9)
is extended over contact 6 of relay RP(9) to the
winding of the register busy relay RB9(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 contro! of
relay TP(9) for operating the hold magnet
HOLD(9) individual to the incoming frunk in
the link switch, thereby closing cross-point 508
to connect the trunk to the register, after which
relay RLK(9) operates, permitting relay RB8($)
to operate, and preference relays TP(9) and
RP(8) are released. Relsy RLK(9) closes a lock-
ing circuit for relay ON(8).

While relay RP(9) is operated, it operates the
trunk frame and trunk number cut-in relays
TF(9) and TN(8). Relay TP(9) grounds cross-
connecting terminals TNI(8) and TF(2) indi-
vidual to the incoming trunk. Terminal TF(8) is
cross-connected to contacts of relay TF(9) to set
up a registration over conductors, extending
through cable 9-16, 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—i5 to
registers included in the trunk number registers
of Pig. 16. For certain trunks such gs tandem
trunks the number of the trunk is required by
the marker and for such trunks, terminal TNI1(8)
is cross-connected to terminal TN3(8) to operate
an auxiliary preferance relay AP(8) which sup-
plies both the trunk number and the class indi-
cation to the trunk number register in the incom-
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 o be expected, ground
is connected over contact 3 of relay TF(8) to
terminal D(9) which is connected either over ter-
minal BL(9) to conductor 88! to operate the by-
link relay BL(16) or over terminal DP(9) to con-
ductor 902 to operate the direct dialing relay
DP(9), all the trunks connected to a particular
register link being of one type.

If the incoming trunk is a by-link trunk a
preliminary pulsing 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 983, contact 4 of
relay TP(9), contact 3 of relay RP(8), conductor
1600, contact 5 of relay DP(9), resistance BL(9),
conductor 804, through the upper left winding of
repeating coil TN(i%) to battery through the
middle winding of pulsing relay L({8). 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 988 is closed
with relay BL(18) operated, conductor 898, which
is connected to the pulsing conductor 903 in the
trunk circuit is exténded over contact 2 of cross-
point 908, contact 2 of relay ON(I6), conductor
806, contact 3 of relay BL(i6), conductor {600,
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contact 8 of relay DP(9), resistance BL(9) to
conductor 964 and thence as above traced to the
winding of relay L(i8). Relay BL(16) connects
battery through resistance R, over its contact 1,
conductor 1601, contact { of relay ON(9), con-
tact | of cross-point 968 to conductor 987 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 988, with relay DP(9)
operated, connects the tip conductor 907 of the
trunk over contact | of cross-point 988, contact
{ of relay ON(18), contact 1 of relay DP(9), con-
tact | of relay RV(18), conductor 984, upper left
winding of repeating coil TN({§) to battery
through the middle winding of relay L(i16). The
ring conductor 998 of the trunk is extended
over contact 2 of cross-point 889, conductor 906,
contact 2 of relay ON(!198), contact 2 of relay
DP(9), contact 3 of relay RV(IS), conductor 908,
lower left winding of repeating coil TN(16) 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 RV(16) to a tim-
ing cireuit which operates relay RV(16) after a
measured . interval. Relay RV(9) reverses the
connection of battery and ground through the
windings of relay L(i6) to the trunk conduc-
tors as a start dialing signal. Relay RV6)
also operates relay RVI(I6) 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(18), 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.

YWhen the number has been received, relay
MST(18) is operated to cause the incoming
register marker eonnector to connect the register
with an idle marker and the called line number,
the trunk number and associated information
are transmitted over cables 1-1BA and [-16B
through the incoming register marker connector
to the marker, the connector operating relay
INC(1) to prepare the marker for handling an
incoming call.

With the monitor prepared to monitor on in-
coming registers, when the incoming register of
Tes. 9 and 18 is seized by the incoming register

. link, operating relay RP(9), ground is connected

over contact 8 of relay RP(2) and conductor 909
to the monitor, where it extends over a normally
closed contact on relay SPR(8), conductor 808,
contact | of the associated incoming register
husy relay IRB8(4), winding of the register
preference relay TRP3(4), conductor 403, contact
8 of relay IR(3), contact 3 of relay OS(3) to bat-
tery. Relay IRP8(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 IRP8(4) operated, a circuit is

closed from battery through the winding of re-
lay M(I8) in the incoming register, conductor
1802 through cable 2-16, contact 4 of relay
IRPE(A), contacts B of the other preference re-
ays, including relays IRPS(4) and IRPO(A), to
ground. Relay M(18) operates to connect the
incoming register with the monitor. Ground is
connected over contacts { of the other preference
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relays, IRPS(4), IRP5(4), ete., contact 2 of relay
IRPO(4), conductor 404 throagh cable 2-18, to
battery through the winding of relay MB(18)
Relay MB(I8) operates, disconnecting relay
RB(9) from the operating circuit in parallel with
relay ON({6) and closing a direct operating cir-
euit for relay RB(9) to hold the register busy
under the conftrol of the monitor.

In ‘addition, if conductor 99§ is grounded to
operate relay BL:(i8) in the register to prepare
it for by-link operation, a branch of this con-
ductor is extended through cable 2-§, over con-
tact 5 of relay IRP8(E), contacts 8 of relays
IRP5¢4), IRP3(4) etc:, conductor 445, contact
1% of rclay STM(®),
through the winding of relay BLM(12), operating
that relay to conneet 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
connscted to the register. Relay BLM(12) alse
closes a circuit from ground over its contact 2,
conductor {205, contact | of relay RAH(28) to
battery through the winding of relay PH(28).

Since the preference relays are individual to
the registers they also serve to selectively operate
relays PIR(2) or MIR(2) in accordance with the
type of pulsing to be expected. Since the incom-
ing register of Figs. 9 and 16 receives dial type
pulses, relay IRPO(4) closes a circuif from ground
over contacts 3 of relays IRPS(4), IRP5(A), ete.,
contact 3 of relay IRPOM), conductor 486
through cable 4-6, contact {1 of relay STM(®),
conductor 825 to battery through the winding of
relay DIR(2) to prepare the monitor for rmoni-
toring on a dial type incoming register.

Relay DIR(2) closes a locking cireuit for re-
lay IRP8(4) which may be traced as above from
battery through the winding of relay IRPS(4),
contact & of that relay, contacts (8 of relays
IRP5(4), IRP9(4) ete. conductor 487, contact 2
of relay DIR(2), conductor €18, contact 3 of re-
lay RN(7), conductor 182 to ground at con-
tact T of relay STM(5). Relay DIR(2), at ifs

contact 8, closes an obvious circuit for operating *

relay IRN(2). At its contact 1, relay DIR(2)
connects ground to conductor $92, operating re-
lay DON(20) to prepare the dial pulse counting
circuit for receiving pulses.

If the incoming register has heen selzori by a
direct pulsing trunk, when relay RV(2) operates
to transmit the start dialing circuit to the call-
ing office, it slso connects ground over its con-
tact 8, conductor 919, contact & of relay M(18),
conductor 15883 through cable 2-16, contact i of
relay DIR(2), conductor 212 to battery throush
the winding of relay DPM(12). Relay DPM(12)
operates to connect the dial pulse amplifier to
the incoming regzister.

With either relay BLM(42) or DPM({2) oper~
ated, conductor {288 leading to the pulse ampli-
fier is.connectad to conductor 1202, through cable
12-16, contact 1 of relay M(i8) to conductor 984,
in parallel with the middle winding of ‘relay
L(18), while voltage compensating conductor {203
is r‘onnected to eonductor {284 through cable
i2-18 over contact 2 of relay M(18) fo conductor
908 in parallel with the lower winding of reiay
LU®.

When relay IRN(2) operates int response to the
operation of relay DIR(2) as above described, it
connects ground over. its contact 7 to conductor
60T to operate relays ONMI(¥) and CNM2(T)
and over its contact 6 to conductor 1508 to oper-
ate relays MK(18), AS(21) and ASA(2{).

conductor 624, to battery i
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Relay ONMI(T) operates relays TMAI4) and.
TMBE({8) to start the timing operation, connects:
ground to conductor 787 to advance the allotter,
and operates relays MSR(3), which function as.
previously deseribed.

When relay M(18) is operated in the incoming
register, it extends conductor 9{{, over which
relay ON(i8) is operated and locked over con-.
tact 5 of relay M(18), conductor 1688, through

; cable 2-16, contact 6 of relay DIR(z) to con-.

ductor 838 to operate. relays MACL(8) and
MAC2(8). A circuit is also closed from ground
at contact 3 of relay GN(i6) over the back con-
tact of the marker start relay MBT({§), con~
ductor 812, contact 8 of relay M(48), conductor
{697 through cable 2-i8, contact 5 of relay
DIR(2) to conductor 83% {o operate relay.
RPS1(2). The reception, counting and registra-
tion of the digits of the calied line number take
place as described for the originating register.

When relay MST(18) in the incoming register
is operated to call in a marker, relay RPE((2)-
operates in the locking circuit of relay RPSI(2)
as previously described, in turn operating relay
At the end of the last digit relay
PII(2)) releases, operating relay FPI(IT) which
operates relay ST7T(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,
resulbing in the operation of relays MON(),
ON¢B3) and RMi(5) in the connector and relays
CI({®), CIi(48), MCAZY) and MCB(33) in the
monitor as previcusly described.

Relay PEA(2) closes a circuit from ground
through the winding of relay MM(T), coriductor
708, contact 8 of relay STM(8), conductor 6i4,
contact 4 of relay MTRUD), conductor 1803,
contact { of relay PEA(D), ceﬂdb tor 208, con-
tact 4 01 relay DIR(2), conductor 213 Lhrough
cable 2-45, contact 4 of relay M({6) in the in-
coming register, conductor 1858, through the in-
coming register marker connector to batlery
through the winding of relay MON(2) in the
marker. With relay MOMN(2) operated, relays
MEB(5), BCD(H) and SCT(E) are operated as
before. With relay IRM(2) operated, relay
CI{(18) closes a circuit from ground at contact
5 of relay TRN(2), conductor 2i4, contact 2 of-
relay CIi(48), conductor {8{7 through cable
{7-26 to battery through the winding of relay
MCC(2T). ‘

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-
vicusly described. No calling line location is
registered in the marker snd therefore no such
registration is made in the monitor. However,
the number of the trunk link frame is passed
over certain conductors of cable {-§A, contacts
of multicontact relays represented by relay
BCD(5), conductors of cable 5-27A and contacts
of relay MCA(28) to registers in Fig. 32. The
units digit of the frame number is registered by
operating two of the relays TF(32) to TFT{32)
and the tens digit by operating either F3E§(32)
or FG1(32).

In addition the location of the incoming trunk
on the trunk link frame, is registered on relays
FAK(26) or FBK(28), one of the relays LV2(2§)
t0 LV9(28), one of the relays LCB(28) to LCI(26)
and one of the relays FS8(27) to FSi2(27) as
previously described.

In the case of a tandem trunk, the trunk.



2,508,058

41

fiumbér, 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 [-{6B through the in-
coming register marker connector and is further
passed to the monitor over cable 1-5C, contacts
of the multicontact relays represented by relay
BCD(5), conductors of cable 5-27B, through
cable 5-21C, contacts of relay MCC(27) to the
registers of Fig. 26. 'This number is a three-
digit number and two of the relays H'T0 to HT1,
two of the relays TT@ to TT7 and two of the
relays UTO to UTT 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 HMSI(1) and the operating ground for
that relay is extended as previously traced to
conductor 2782 and over contact 8 of relay IRN (D)
to conductor {819 and to battery through the
upper winding of relay TLGT). Relay TLGUTD)
operates relays LVG(27), LCG(2%) and FSG(27)
to lock in the trunk location registration. In
addition relay LVG(2T) connects ground over its
contact 2 to conductor 2784 to provide a locking
circuit for the trunk number register relays if
such a number has been registered.

As previously described, relays LVG(21),
LCG(2T7) and FSG(27) cperate relay RTCH((8)
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 numkbker check-
ing operation also takes place as described for
monitoring the originating register, resulting in
the operation of relay RN (7).

.Relay RN(T) locks under the control of relay
ONMI(T) as previously described and opens the
locking circuit for relay IRP0(4), releasing that

relay. Relay IRPD(4) in releasing opens the cir-

cuit of relay M(I8) 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(16) 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 IRP0(4) releases relay
DIR(2) which in turn releases relay IRN(2) and
relays ONMI(7) and ONM2(T), followed by relay
RN(7). Relay ONMI(T) 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 g 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, 1545, 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 SAI1(25) being operated in the outgoing
sender connector, ahd 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 SON(6) operates, it closes a cir-
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cuit from ground at contact T of relay STM(6),
conductor 103, contact 3 of relay RN(D), con-
ductor 610, contact 6 of relay SON(6), contact 5
of relay STM(6), conductor §20 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 8 it connects ground over
conductor 215 to battery through the winding of
relay MFS(Hi), where relay DOS(2) operated res=
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 condue-
tors 3401 and 3402 jeading through cable 1-23 to
the outgoing sender link and thence to the tip
and ring conductors of the trunk outgoing to the
distant office.

With relay M(34) operated, conductors 3401
and 3402 are connected over contacts 7T and 8 of
relay M(34) to conductors 3403 and 3464 leading
to the monitor.

When relay MFS(I1) operates as above de-
scribed, it connects ground over its contact | and
conductor 1102 to battery through the winding of
relay MFN(i8). Relay MFN(I8) at its contact
§ connects ground to conductor 2660 to operate
relay ONR(18). At its contacts 9, 10 and 11, re-
lay MFN(18) connects off-normal batteries to the
multifrequency receiving circuit. At its contacts
7 and 8 relay MFN(I8) closes & eircuit through
the lower winding of relay PT8(18) in a direction
to operate it and at its contacts 7 and 3 closes a
circuit through the upper winding of  relay
PTE(18) in series with condenser PTI(18) and
resistance PT1(18) in the non-operate direction,
Ground is normally connected to conductor 1805
by the multifrequency receiving circuit in shunt
of condenser PT1{(i18) to energize the upper wind-
ing of relay PT0(18) and this circuit is effective
to hold the contact of relay PT6(i8) open.

Relay MFS({1) connects conductors 3403 and
3404, over its contacts 3 and 5 and contacts 2 and
4 of relay MFR(I1) to the right windings of re-
peating coil MF2(11).. It also connects the right,
or output winding, of repeating coil M1 (11) over
contacts T and 9 of relay MFR((1) through pad
ME'(11) over its contacts 6 and T to conductors
{103 and 1134 leading to the multifrequency re-
ce1v1ng circuit.

The left -or output winding of repeating coil
MF2(l I) is connected through condenser MBP3(i 1)
to the grids 3 and 7 of the vacuum tube MF({i).
Current flows in a circuit from 130 volt battery
over contact 2 of relay AC(19), conductor 19089,
resistance MF3(11), left or input winding of re-
peating coil MFi(l1), through the plate to cath-
ode circuit of the vacuum tube MF({1), resistance
MFEI(1t) to ground, producing a voltage drop
across resistance MFI({1). This voltage drop is
impressed across the grid-cathode circuit and
serves to automatically adjust the plate current.
Condenser MPFI{({1) is shunted across resistance
MFI(t1) 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 MP(i1) is
fed back to the grid through the voltage divider
circuit which consists of condenser MF2(i{), re~
sistance MF2(I1) and resistance MF3({1).

Each signal sent by the multifrequency sender
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consists-of-two out of five audio frequencies which
may be des1gnated 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
frequenc1es 7 and 10 is sent after the last- d1g1t
The ent1re code used is as follows: '

Digit Frequencies
0 4,7
1 ;1
2 0,2
3. 1,2
4 - 0,4
5 1,4
6 2,4
7ol 07
8- L7
2 “-= b 7
KP: -2,10
8T commenraezan %10

Actual frequencies are as follows:
Designation Ogaes e

0. e 700
1 900
2.2 - Tl - 1,100
4 -1;300
7 1,500
lo.mos ILIINIozITIIll “1,700

The key pulse s1gnal is absor d-. by the mu1t1-
frequency recelver As each s quent dlglt 1s
'f

When two frequenmes representing a digit are
recelved the multifrequency receiving cn'cult
grounds conductor 1806, completing a cir cuxt over

contact ' § of relay MFN(8), conductor IWI

through cable {4-18C, contact | of relay TO(M)
conductor 2088 through cable i4- i8C, contact 6
of relay MFN(i8), conductor. 1801 to the receiv-
ing. circuit to operate the channel relays. -
Assummg that no. preﬁx d1g1ts were to be sent
out and no digits are to be deleted 50 that relays
i b

the operatlon of relay SONI (Ill) 1n the ma

previously described, the two. operated channel .

relays. will ground two. of the conductors 20!0
to. 2811, and. operate two of -the register. relays
AD(22) to AT(22).

When two frequencies; have been. counted: the
multifrequency receiving circuit. connects ground
to -conductor 1808 and. over contact 1 of relay
MFN({8) to conductor 2007. to. operate relays
BS(28) and BSA(28), relay BS(ZB) lockmg and
transferring the locking c1rcu1t for relays. AS(ZI :
and ASA(21)-in the manner previously ¢ deseri L

At the same time that the multlfrequency re-
,celvmg cireuit grounds conductor 1888, it removes
‘ground from conductor ‘1805, permitting; can-
denser: PT1(18) to start charging. in. series with
the upper winding of relay PT0(18). This charg-
ing current holds the contact. of. relay. PT8(18):
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 PT0(i8). closes, it. connects:con-
ductor 2807 over contact 2 of relay MFN({8) . to
conductor 2008; thereby - connecting -the upper
winding of relay T0({4) in parallel with resist-
ance T8(18) and operating relay T0(14). Relay
T8({4) disconnects conductor 1481 from:conduc-
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tor 2006, releasing the channel relays and locks
to conductor 1481 as above described. When the
channel relays release, ground is removed from
conductors {481 and {868 and is again connected
to conductor 1805 causing relays AS(21) and
ASA21) and T0(18) to release and causmg relay
PTR(I8) 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 T relay of the asso-=
ciated register will be operated and the channel
{0 relay will connect ground to conductor 1808,
operating relay {0(18), which locks to conductor
20600 and connects ground to conductor -148{ to
hold relay T80 ({4) operated. If a complete desig-
nation is sent out, relay PE(IT). operates relay
ST1(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
cireuit to select an incoming register equipped: to
receive multifrequency pulses in the manner de-
seribed 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 236! and 2802 which
extend through the left windings of the repeatmg
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 md1cat10n is
number is also recorded

If the monitor is set to monitor on: 1ncom1ng
registers, the operation of the register link ci -
cuit operates the assocrated preference relay for
example relay IPRS(4) as previously descrlbed
Whlch in turn, operates relay MIR(2) to, mfo \
the momtor that it has.been selzed by a mu
frequency incoming reglster and o“erates relay
M(Zq) in the incoming reﬁlster 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
clescrrbed but relay MIR(2) atb. contact 3. connects
ground to conductor 20i to provide a lockmg
cireuit for relay TMA.( I) anid an operating cir-
cuit for relay TMB(8) to start the timing oper-
ation. At its. contact 1, 1eray f\/.[I‘Dt(a) conneets

ing circuit for relay MFR(II).," ‘Relay MFR(H)
at its contacts 6 and 8 connects. the, .output of the
multrfrequenc,/ amplifier- fo conductofs 1103
HM leadmc to tl'\e multlfrequency recewmg
cireuit.

With relay M(23). operated, the ingcoming tip
and ring concuctors 2381 and 2362 are-connected
over contacts:2:and 3.of relay Mi(23) to:conductors
2303 and 2304 which are extended, with relay
MER({}) operated, over contacts :3-and:5 of the
latter relay to the input of the. multitrequency
amplifier.

Relay. MFR (1) also operates relay MENS),
to. prepare the muitifrequency receiving cirenit
for operation.. The receptionangd;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 of the two numbers récéived and the fur-
ther operation of the monitor are as described
for the dial pulse type incoming register.

‘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 MACI(§) was
operated in parallel with an off-normal relay of
the circuit being monitored, in turn operating
relay MAC2(8) which locked, independent of re-
lay MACI(6).

When the circuit being monitored releases in
response to abandonment of the call, the oper-
ating cireuit for the associated off-normal relay
is opened and relay MACI(8) releases.

In the case of an originating register the re-
lease of relay MACI(6) closes a circuit from
ground over contact 3 of relay MAC2(6), con-
tact 2 of relay MACI(6), conductor 627, con-
tact | of relay ORN(6), conductor 628, contact
5 of relay RTC2({8), conductor 188i, contact
I of relay TRR2(18), conductor 1513, contact
2 of relay MM(7), contact 11 of relay ONMI(T)
to battery through the winding of relay RN(1).
Relay RN(T) locks under the control of relay
ONMI (1) and causes the release of the monitor
as previously described.

‘When monitoring on incoming registers, relay
IRN(2) connects conductor 627 to conductor 628
to permit the release of relay MACI(8) to close
the above traced circuit for operating relay
RN(T). This circuit for relay RN(7) 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 MACI(6) connects ground to
conductor 627 as above traced, completing a cir-
cuit over contact i1 of relay SON(8), conductor
629, contact | of relay SPEIWT), conductor 1801
and thence as above traced to battery through
the winding of relay RN(7). Relay SPEIUT
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({08) 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(18), or
relay SPEIUT).

11X 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 PI(13) remains operated at the end of

the first digit, and conductors 2019 and 2811 are
grounded as above described, operating relays
A0(22) and AD)22). Relays AB(22) and AL (22)
operated, cannoct lock, as previously mentioned,
but when relay RAI1(20) operates at the end
of the digit a circuit is closed from ground at
contact 3 of relay PH(20), contact 8 of relay
RAI(20) and thence as previously traced to
contact 3 of relay AS(21) and over conductor
2103, contact 3 of relay Al(22), contact 3 of
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relay AB(22), conductor 1505, contact i of relay
TDM(15), conductor 1408, contact | of relay
ORMi (14), conductor 1504, contact 6 of relay
{17(§8) to battery through the winding of relay
ti(i5). Relay (1(15) operates and closes a
locking circuit for itself through the winding
of relay t4’(15), contact | of relay 11(i5), con-
ductor 1508, contact 2 of relay ONR(15), to
ground. Relay {{’(i5) cannot operate, being
shunted by the operating circuit of relay {1(15).
When relay RAI(20) releases at the beginning
of the second digit, relay i’(15) operates.

Relays A8(22) and Af(22) are again operated
by the second digif, grounding conductor 505
when relay RAI(20) reoperates, to complete a
circuit over contact 1 of relay TDM(i15), con-
ductor 1488, contact { of relay ORMI(i4), con-
ductor 1504, contact 5 of relay 11’(18), contact
8 of relay 12’(15) to battery through the wind-
ing of relay 12(18). Relay {2(i5) operates, lock-
ing through the winding of relay 12°(I5) to
ground over conductor 1508 and contact 2 of
relay ONR(I5). Relay {12'({5) 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
27tt, and over contact 41 of relay MCA(2D),
conductor 2712 through a cable 7-28, contact
2 of relay RPSI1(2), conductor 212 through cable
{1-14A, to battery through the winding of relay
{IR(18). Relay IIR(14) operates and locks over
its contact 3 and conductor 1506 to ground at
contact 2 of relay ONR(I5).
_ Under this condition, the checking circuit ex-
tends from conductor 1705 to conductor 1507
over contact 2 of relay 1R ({4), conductor (243,
contact 2 of relay 12’(15) and contact 3 of relay
PHI(1B).

If an incoming register is equipped to register
11 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 1695 and thence over contact 3 of
relay DIR(2) or contact 2 of relay MIR(2),.
conductor 220 through cable {1-18A to battery
through the winding of relay TDM(I5). Relay
TDM(15) operates and locks to ground over con-
ductor 2220, ,

The reception of the digits {1 by the monitor
takes place as described for the originating reg-
ister, resulting in the operation of relays 11(i5),
11718, 12(i5) and 12’(15). Relay (H1RUD) is
also operated as for the originating register.
Under these conditions the checking circuit ex-
tends from conductor 1795, over contact 2 of
relay 1I{R(14), conductor {248, either over con-
tact 2 of relay {2’(I5) or over contact 2 of relay
H7(18) and contact 3 of relay TDM(I5), con~
tact 3 of relay PII(15) to conductor 1507 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
CLi(14) and CLIA(14) are operated to control
the registration of these dizits. With relay
CL{A(i8) operated, ground on conductors 2018
and 20{! operate relays S{{(15) and SO1({5).
At the end of the first digit relay RA((20) op-
erates relays CLS(21) and CLSA(21) and at
the beginning of the second digit relays CLI(14)
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and CLiACl4) release in the manner described
f the other, steermg relays Wlth relays
Q S(Zi) and u;_SA(Zi) operated, glound con-
necyed -to conductors 2848 and 2041 in response
to tine second dig 1t 1 op\.lates relays Si2(22) ang
802422)

Wlth reiay &ON {(18) operated to indicate that
an oufgol der is - being momtored and
CLi({4) o ed to _lndleate that a l,l pleﬁx is
to be expected a mt is closed from ground
over. contact % - oi Té lay SONI(W) conductor
2104 through cable H l!‘iB contact § of re lay
CLI(M) conducl,or 544! to battery througn the
wmdmg of relay TDl(ia) Relay TDl(E 9)- op-
erates and locks gver 1ts contact 3 to ground
over conductor £i84, independent of relay
CLI(M)

‘Therefore, when the checking. cireyit is closed
it ext cnds from. condnetor I'i’@‘ over oontact 1
of relay HR(L%) conductor 1488, contact | of
relay (47(1%), contact | of relay ””(lc) contact
3 of relay RITUD conductor 158:, contacts 2 of
relays TD{(15), SHEE and SO1(18), conduc-
tor 18§S, contacts 2 of relays SHZ("Z) and
SOZ(EZ) to condueior 2832 and thence’ to ‘the
reliminary digit register or to ancther digit
register as determined by the operation or non-
_pperation of - relay DCR(?i) and of relays
D I(Zl) to DLG((%%) B

Timing during monitored calls

When relay ONMI('!) operates, it opsrates
ﬁA(il) and TMB(!&%) as. olev‘, sly

a shunt around i€
contact 2 connacts ground tmougr Lne wmdmg
of relay TG over conduf'tor i's'!s to con-
denser TML). estabhshmg & chorgln c1rcu1t
for the condenscr which extends from tr_e con-
denser over conductor 1185, conuact 2 of relay
TMZ(IG) through 1enstance ﬂ.ﬂ(! ) to 130-
Volt batt e1y When the pofential on’ conaenser
TM( f1), which is applied across the contr ol gap
of tube TM(lJ) reaches the breakdovvn poten-
tlal tube TM(10) becomes conductmg and relay

TN opelates over uhe main gap of ‘tube

M(H}) The values of oond Znser TM(i 1) and
resiStance TM3(18) are so chosén that it will
requiie Trom forty to seventy secondr to opm’ate
relay M%), This time is made long enough
to permit a register ‘to time ofit ‘and Testore to
nermal before the monitor timss out. This pre-
vrnts the monitor fiom timing out on par nally

digled calls.

As prcvvouslv degeribed, relay 'TMAC( 4 {) locks
over contect 8 of relay TMIi(if) end conductor
1180 and operates relay TMB(18) cver the zame
conductor, relay TMBG8) opening the operating
cireuit. for relay. TMA({4). For dial type regis-
ters conductor 1480 extends as previously traced
to. ground over contact § of relay PST(2H). Af
the beginnipg of the first digit, relay PSTEDH
is ooerated opening this locking cirsuit, releas-
ing. relays TMA(L) and TMB(i58). Relay
TMA (14). recloses. the-shunt through resistance
TMZ (1) around condenser TM €l 1o dlsuhazge
it, When relay TMB({8); which is slow to re-

lease to allow time for. complete dwcoarge of-

the candenser, releases, the operating circuit for
relay THMA ) is-reclosed.
dicit, relay RAI(ZH) operates and at contact 4
supphes 4 new locking. .ground for relay TMA( D
and an operating. cxrcult for relay T‘\JTB(!B)

which opens . the operaulng cn:cult for relay.

TMA(II) At the begmmng of. the. next dlglt

At the.end of the 7
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relay. RA1(20). releases, in. turp releasing relays

operatlon 1h1s cycle oi operatl ns is 1eoeated
ag each dlglt is received.

For multnrequ icy registers, relay MIR(2) is
operated connecting. ground over  its. cont 8
to iock relay. TMA ). ‘and operate  relay

TMB(18) throqghout the momtormg operation.

The locking circuit for relay TMA(D also
extends over the normally ciosed contact 2 of
1elay PEA(2). When the register initiates the

in"turn operatlna relay PT.A.(Z) ;
timing. With reiay PEA(2) opezated the re-
lease of relay TMB(i8) closes a eircuit. fr m
pattery through the winding of relay TM2Z( ,
contact ! of relay TMB(I8), conductor (810,
contact & of relay PEA(2) to grouad ozer c
ductor 708. Relay TMZ(i§). operates, 1o
over 1ts contact & to. conductor 1848, independent

Relay TMZ(!a) at its con-
facts 2 and’ 3 subst1t es resxstances TM&( 18)
for resistance TM3(!8) in the charging c1rcu1t
for condenser TM(H) zlt its contact 1 relay
‘”MZ( 83 connects ground to condoctor moa to
«..upplv a new lo"kmg c1rcu1t for relay TMA(I l)
and opsrating ¢ uit for relay TMBUE) . This
fime ‘interval’ 1s made Tess than the txme out
penod of the register to permlt the momtor
to make a trouble record if the revlster falls to
get a marker

in the case of a failure of the numbers to
rnatch, Telay TRRICT) is operated as descr'b d
and closes a ciréuit from ground over its con-
tact 1, conductor {714 to- battery through the
wmdlng of relay TRR2(ID . Rclay TRRQ(IG)
also opens the lockmg ciroclt for relay TMA( th
and the operating circuit for relay 'T‘MB(!B)
after which relay TMAHE) 1eoperates 0 start
a tlmmg mterval for- completmn of- the trouble
record

When monitoring - on outgoing senders, rolay
'“MA(H) is operated- as- before in r'esponse to
the opelatloo of retay ON‘M!(:) and ‘fhe lock—
ing c,lI‘Cdlt for relay TMA(h) exte pxe—
viousl y traced ‘over contacts of 1elays' NVI! (H)

13 grounded at contact 5. of relay SON (). ¢
relay PEA(2) is not operated wl*lle ‘nomtormg
an outgomg sender the tlrmng is not recycled
except.inthe case ofia failure to” match resultmg
m the operation of relay TRRZ( !8)
If relay TM(17) is operated as a result of the
completion of the timing opération, it ‘closes a

" eirguit from ground:supplisd from the master test
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frame, over contact 5 of relay STMI(2), con-
ductor 318, contact 2 of relay FMHT) o con-
ductor 1715 leading .back to the master test
frame to light a lamp and sound a minor alarm.
At its eontact 1, relay. TM({7). closes a circuit
from ground on.conductor 168, contact 1 ofirelay.
TM(LT), contact & of relay TRR{¢+1), conductor:
1148. to. battery. through - the winding: of: relay:
TM!(!! ). Relay TM({1) operates and locks
to conductor 785; onening at -its contact 6 the
lockmg cxrcult of relay, TMA(14) to reeycle the
tlmmg Relay TMA(!1) opens the: circuit of
relay TM(Il) and that relay releases, closing a
circuit. from ground over - contact § -of relay
ONM?{('I), conductor 148, contact { of relay.
TMI(I4), conductor 1!98; contact & of relay,
TM(I'D conductor 1787 to battery through the
winding of relay: TRRI~(H—) to initiate a trouble

5 record
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When relay TMB(18) releases, relay TMA(1)
reoperates, but with relay TMI({1) operated
relay TMB(18) cannot be operated. However,
with relay TRRI(1T) operated, a circuit is closed
.from battery through the winding of relay
"TM2(18), contact | of relay TMB(i8), conduc-
“tor 1810, contact 18 of relay TRRI(I7) to ground
-over conductor 165, With relay TM2(i§) oper-
ated the time interval to be measured by the
timing circuit is reduced as above described.

Trouble record

A trouble record is initiated by the operation
-of relay TRRI(11) which may take place as a
result of a failure of the numbers to check or as
. & result of a timing operation.
With relay TRRI(IT) operated, a circuit is
.closed from ground over contact 1 of relay
TRRI(IT) and conductor 1714 to battery through

the winding of relay TRR2, operating the latter.

"relay. Relay TRRI(11) also connects conductor
318 to conductor (7(5 to close .the minor alarm
circuit, In addition, relay TRRIWUT) at its con-
tact | opens the circuit over which MXB(5) is
operated to prevent operating the marker cut-in
relays at the master test frame. Relay TRR2(10)
at its contact | opens the circuit of relay RN(1)
to prevent the reiease of the monitor before the
trouble record has been completed.

At its contact §, relay TRRI(IT) cloées g circuit.

from battery through resistance STC3(1%), con-
tact 5 of relay TRRI(IT), contact 2 of relay
NRR(IT), contact 2 of relay TRB(11), conductor
{781, contact 1 of relay TRC(i8), conductor

(062 through cable 5-fBA 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(IT) 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 MON(5) oper-
ates, in turn operating relay CI(I8) in the moni-

tor, which then operates relay ON(5), followed.

by relay RMIi(8). Relay CI(18) also operates
relay CIi(i8), which operates the multicontact
relays MCA(27), and MCB(33) as previously
described. With relay TRR2(18) operated, relay
‘CIi(i16) also closes a circuit from ground over
contact B of relay TRR2(i0), contact 4 of relay
CII(id), conductor 1820 through cable 11-14A
to battery through the winding of relay MCE(38).

Relay Cii(id) also closes a circuit from
ground over contact 2 of relay TRRI(I1), con~
ductor 1711, contact | of relay CIt(19), conductor
1621 through cable 5-18A, contact 3 of relay
MON(B) 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 5-274A, included in
cable §5-271C 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 §-27C to the test frame connector, -
The foregoing information is transmitted ir-
- respective of the type of circuit being monifored.
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- 1o be made of the type of monitoring.
- scribed ahbove, when relay CII(10) operates, re-

If an originating sender is being monitoréd,
ground is connected over contact 5 of relay
ORN(6) to conductor 630 through cable T7-28
and over contact 43 of relay MCA(21) to con-
ductor 2709 leading to the master test frame
connector to indicate that fact. In addition
relay MCA(2T) connects ground to conductors
2106, 2767 and 2708, which are extended over
contacts 4, 3 and 2 of relay MO«(25) in the orig-
inating register to conductors 2568, 2509 and
2510 through cable 5-34 to the master test frame
connector to record the location of the register.

A plurality of relays indicated by relay

k ROS#(8) 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 correspond-
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 218 through cable 1-28 over contact
42 of relay MCA(2T) to conductor 2710 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(16) 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(21), MCI(i4) and MCJ(i4) are oper-
ated under the control of relays SON(6) and
SONI((18) in addition to relays. MCAQTD)),
MCB(33), and MCE(33). Relay MCI(14) which
is operated only while monitoring outgoing send-
ers, connects ground over its contact 9 to coun-
ductor 1407 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 M(24) 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

_bassed from the originating register to the mark-

er and on to the sender. In addition, relay

"TRR2(10) closes a circuit from ground over its
“contact 4 and conductor 1022 through cable

11-14B to battery through the winding of relay
TR(21). Relay TR(21) connects ground to
individual locking circuits for relays DLI(21) to

.-DL6(30) and KRO(22) to KR1(22) which ex-

tend over the operating circuits for these relays
and contacts the relays MCI(i4) and MCJ(i4)
to the master test framme 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-
tion it transmits a signal to the master test frame
connector which connects ground to conductor
508 through cable S-10A, contact 4 of relay CI(18)
to battery through the winding of relay TRC(10),
relay TRC(10) locks over its contact 2 and con-
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ductor. -1108 ‘to sground-at contact 4 of Telay
ONM2(T). . At its contact | it opens the .eircuit
of relay MON(5) to release the master test frame
connector, and at its contact 4 opens the circuit
of relay DL(i7).
circuit from ground over its contact 3, conductor
1823, contact [ of key HLD(1), contact 2 of
relay ONMI(1), contact 2 of relay MM(T), con-
tact 11 of relay ONMI(1) to battery through the

winding of relay RN(T) operating that relay toi10

restore the monitor to normal.

1f 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 TMUT),
closes a circuit from ground over its contact 3,
contact 8 of relay  TRRI (1), conductor 118,
contact 4 of relay TRC(18), conductor (826,
through the winding of relay DL(17) to battery

supplied at the master test frame. Relay DL{(7) -

locks to ground at its contact 2" and connects
ground over its contact:3 to the test frame to light
. & lamp to indicate ‘that a troublé record was at-
_tempted but not completed.” It also closes.a eir-
‘ guit from ground over its-contact 1, contact 6 of
~relgy- TRRI(T) to ‘eonductor 1023 to operate
‘relay RN(7) and releasethe monitor and the: as-
“soclated eircuiti
Monitoring ‘on.one t'ype of éircuit,

It It is desired to monitor-on only cne type.of
-circuit, the: corresponding: key: OR(8);, OS(3) or
~IR(3) ‘is..operated.

-If only: orxginating registers, are: to be mom-
~tored, key. OR(8): is operated; before: the. start
monitor key: STM(8). is operated. “The operation
of key: STM(6) causes the -operation of -relays
STM(6) and - STMi(3); relay STMI3) operating
relay -MBN(3) which in.turn operates:-all: of the
marker busy relays MB0(2) to MBY(4). as pre-
viously deséribed. “With key OR(3) operated, the
operation of the marker busy relays closes:a cir-
cuit from ground-over contacts 3.of relays MBS (3)
to. MB2(3), conductor- 408, contact I of relay
.STM2(3), contact. | of key OR(3) to battery
through the winding of.relay.CR(3). Relay OR(3)
operates.and locks over its contact 2 and contact
-3, of key, OR(3) 'to ground. at. contact. | of relay
STMi(3), thereby remammg operated as_ long
as key OR(3) remains operated Key 0R(3) at
its contact 2 opens, the circuit for relay APA('!)
thereby dlsabhng the allotter, and the monitor
functrons to momtor contmuous‘ly on ongmatmg
registers, "

It it is desired to monit _r only outgoing senders,
key. OS(3) is. operated prior to.. pperating key
STM(G) When the marker ‘busy Telays are op-
erated as above. descnbed ground ‘connected
thereby to conductor 480, extends over contact |

of relay STM2(3) contact ‘2 of ‘key OR(3), con-*

tact iof key OS(3) to battery through the wmd-
ing of relay 0S(3). Relay OS(3)" operates” and
Iocks over 1ts contact 2, contget '3 of key 0S(3)
to ground at contact 1 of relay STMt(3). - Key

0OS(3) atits contact 2 opens 'the circuit of relay

"APA(T) to disable the allotter Wlth relay OS(®)
‘operated, ground is’ connected to ‘econductor 314
‘to “prepare for the’ sefzure of the monitor - by
markers handling calls requiring outgomg send-
ers. Ground is also connected - to ‘coniductor 215
to ‘prepare for -the operatlon of “thé ‘monitoring
relay in the marker immedxately following ' the
operatmn of the' marker: preference relay. The
‘monitor ‘is-now ready to momtor contmuously on
outzoing senders:” .

Relay TRC(18) also closes a.

relay TMUT),

Bt i kol

60

‘70

B
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If it 1s desired to monitor ohlyircoming reg-
isters; key IR(3) is operated’before operating key
. STM(6). . With:key-IR€3) operated, the opera-
tion' of ‘relay ‘STMI(3)closes™a circuit from
§ ground over its: contact™4, contdct' 3 of relay
STM2(3), contatt 3 of key ROR(3), contact 2
of key ROS (3);:contact:8 of key: ’R,IR( 3)., contact
- 1 of key TR(3) /coridu¢tor 348 tlirsugh cable -4
-to battery: throughthe winding of relay RBN(8).
Relay RBN(8)" ‘operétes- all-iof the ‘register busy
relays IRB8(4) to IRB9(4), after which a circuit
is closed from ground over contacts 3 of relays
IRBY(3) -to IRBOSY, tonductor 408, -contact 2
-of rélay STM2 (3) 'conductor THE -to “battery
15 through the wmding of relay TR(3) .- Relay IR(3)
operates and locks over-its contact: 4 ahd-contact
3 of key IR¢8) ‘1o Erolnd ‘4t tontdet | of relay
STMHE3): Relay ’IR(3) gt ‘tonitact 2" closes 4n
operating crrcuit T relay STMZ(S) 'which op-
“erates,” releasin' relay RBN(&) and thé ‘register
busy’ relays viot; h eld'operated ‘by busy incoming
registers, “Thi  'monjtor 1§ now’ ‘eady to monitor

) continuously on” Incoming registers a

.Monitoring ona particular circmt
1t It:i' desired to monitoi' an a, particular orig-
is operated prior
Relays STM( 8)
Wlth key

20

25.’59

yS’I‘M(G)
e as before

register is selected by usmg

The originating~
the master test circuit to establish 9, dlal tone

‘ connection from.the originating test line to the
desired registe At the. hme the marker is con-
nected to the resis > .1
closes & circuilt for ‘operating the momtoring re-

; example relay M35y,

Which connects the register to the monitor. Re-

its: contact 1, conductor

25, _contact. . I of key

Which-,ln turn ooerates relay CMS( 3) as nrevious-
dy- described However with key ROR(3) op-
erated, relay- CMS(‘S) locks over s contact 3,
g,contact 2. of key: RGR(S} contact 3 of relay
STM2(2) Which 13 not ‘onerated: under:-this con-
dition, to. ground: at-contact 4 of relay STML(3).

The:call-to the register-is now ahandoned-and the
register;and monitor release; but:relays STM(8),

-85 -STMI(3): and :CMS£3);-as well -as: relay MA2D

remgin: operated.” ‘Whenever thereaffer ‘the: reg-
Aster is:seized; the;eall will be’ monitored.
T it is- desired: to-monitor-on a:particulai oiit-
going sender, the! marker-preference: relay chain
and relays OS(3) and- MBN{3) are not-used.
- Fhe desired ‘sender -is: chgsen: by -operating a
sender-group key such as key. SG(8)and anindi-
vidual, one of -the humbersd kevs:af ‘Fig. -8, for
-example: key-OB); “Key ROS(3): is: then oper-
ated, ‘followed. by key:STME). When: relay
STMI(3) operates; it. cohneets: ground: over. its
contsct™2; cohtdct & of ke ROS(3); conductor
3280, contact of keySG(8):to battery.through the
winding of Telay SG(8): Relay: 'SG(RY prepares
4. circuit: from: ground: fhrough-the winding' of
relay MM(1), conductor:108; contact: 9 of relay
8TM(8), conductor 632;:contact & Key O(®) reon-
tact 10.of velay SGi(8} todonductor:884individual
‘to the'desired Sentlerv ‘Whet theimarkes connects
Swith this'seride¥, ¢onductor: 801 ig:éxtended to:the
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marker to operate relay MON(I). Relay MON(I)

example relay M(24) and that relay locks over
its contact 6, conductor 2481 through cables 24-34

and 34-2, contact { of key ROS(3), contact 3 of .

key ROR(3), contact 3 of relay STM2(3) to

ground at contact 4 of relay STMI (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 STMI (3)
operates, it closes a circuit from ground over its

. contact 2, contact § of key RIR(3), conductor *

Key RIR(3) is then operated, 1

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 1G(8), contact | of relay SPR(8) to
battery through the winding of relay PC(8)
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 | of relay PC(8), conductor
802 through cable 3-4B, contact | of key RIR(3)
to ground at contact 2 of relay STMI(3). With
relays PCA(8) and PC(8) operated, the operated
condition of key O(8) extends conductor 9089,
which is grounded when the incoming register
of Figs. 9 and 16 is seized, over contact {0 of
relay PCA(8) contact 3 of key O(8), contact 1
of relay PC(8) to conductor 880 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 {1 of relay PCA(8), conductor
803, through cable 3-4B, contact 2 of key RIR(3),
contact 2 of key ROS(3), contact 3 of relay
ROR(3), contact 3 of relay STM2(3) to ground
at contact 4 of relay STMI(3). Relay RBN(8)
operates, operating all of the incoming register
busy relays IRB8(4) to IRBY(4) which operate,
in turn operating relay IR(3) as previously de-
scribed. Relay IR(3) operates relay STM2(3),
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-
ter becomes idle relay IRB0(4) releases, and all
subsequent calls to the associated register will be
monitored.

" What is claimed is:

1. 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,
means to selectively render said monitor asso-
ciable with a particular type of control circuit
and means to modify the operation of said moni-
tor in accordance with the fype of control c1rcuit
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 .

: <. assoclable with any one of said ¢ontrol eircuits,
operates the monitoring relay of the sender, for

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 8 telephone system, a plurality of types

- of control circuits, means for receiving telephone
. designations in and transmitting designations

from said control circuits, an sutomatic 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 assoclated control cireuit,
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 contml circuit thh

which it is associated.
4. In a telephone system, originating registers,

incoming registers and outgoing senders, means
for transmitting telephone designations to and

5

from said registers and said senders, an auto-
matic monitor associable with any one of said
registers or said senders, means in said monitor

3 to register and compare telephone designsations
- 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
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

: to register and compare the telephone designa-
- 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

10

()

sunder the control of said selective means to asso-
‘clate said monitor with one of said registers or

one of said senders, and means to modify the
‘operation of said monitor accordmg as said moni-
tor is connected with an:originating register,
an incoming register or a sender.

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

mmeans to transmit said designations in the same
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
and transmitted by the associated control cir-
cuit, pulse recelving 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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Htor with'a ‘eontrol” circmt ‘to-rénter effective ‘the
“pulse: recewing means-of ‘the’ correspondufg ’cype.
M. In""a telephone sysf;em subscmbers lmes,
‘sw1tr*hes, dlglt reglsters, - switch’ controlhne:

to sa?d register ‘mieans “t6 -coAtiect 'sald marker
“with :said monitor “cifouit and: to 'set ~up a sec-
~ond registration of the wianted numberias:

-ferred to 'said marker, said mbnitor':cir‘cuitf’"ef-%? 40

“fective if the first:and:secondsregistrations:coin-
~cide to- chsconnect frbm sa‘d Tegister -and: sard
-marker, :

8. In-a - telephone system, subscnbers ~lines,

markers, means to connect’a calhng o*xe of sardf

56
($witches; outgolng “trunks, digit registers, switch
“¢ontfolliig’ markers, means to-connect a- calling
‘one “of “said -subscribers” liries with one ‘of ‘said
“digit: “registers, a ‘swit¢h - controlling ‘marker
ﬁ'means ‘responsive-to the registration of a wanted
~§ubscriber’s nuniber in said registér to transfer

“said ‘wanted number to said ‘marker to eause'said
“marker to operate :said switches ‘to  extend -said

“ealling ine“to- one of ‘said outgoing 4runks, out-

10 going senders associable with -said “trunk, means

“to connect ‘said marker “with -one of ‘said -out-
igoing-senders, means under‘the contrel of -said
“marker to further transfer-said ‘wanted num-
~ber ‘to* said- one ‘outgoing sender, means in said

“i5-'serider to” transmit said number over said trunk

“to control the extension of ssaid ‘trunkto said
warited subscrrber, an -atitomatic * monitor -¢ir-
“¢iit, " rieans responsive fo thé conrection of ‘said
Hiarker with said ‘sender ‘to connect:said-moni-
“tor ‘eircuit “with -said marker -dnd with ‘said
“gender; means in ‘said’automatic: monitor circuit
“foset up a first registration-of the -wanted num-
“ber as transferred to said sender, means to set
“up a’second registration of the wanted number as

switches, digit registers, switch controlling mark-¢5 transmitted by said sender,a: trouble recorder,

-ers,~-means- to -connect-a’ calling -one-of-said sub-
..seribers’ -lines with ‘one:.of said digit-registers,
~means responsive-to the registration.of-.a-wanted
subscriber’s number -in rsaid register to-transfer

-said wanted number to-a one.of said markers-to:gq’

-cause said marker to operate .said switehes.to
“extend. sa1d calling line toward said wanted .sub-
scrlbers line, an automatic momtor circurt
means to connect said automatlc momtor circuit

~grid means in said monitor eircuit effective if the
“first ‘and second registrations do not coincide to
:corineet with and operste said trouble’ recorder to
make avecord of both registrations.
'11./In & telephone system, subscribers’ lines,
“switches, incoming trunks, digit registers associ-

“able w1th said trunks, switch controlling markers,

“meatis responswe to a call incoming on one of sald
“tiunks to seize one of said regls’cers and associate

“with said digit regiSter; medns-in‘said automaticsg; it with said trunk, means to'register the designa-

“monitor circuit to set’'up a “first registration of
"gaid wanted subscrfbers humber as trinsmittéd
to Said register, means to connect said marker
‘with said monitor circuit’and fo set™up a second

ﬁon ‘of ‘one of said subscribers’ lines in said in-
“coming register, means responsive to said regis-
-tration to connect said reglster with one of said
markers and to transfer said registered designa-

“régistration of the wanted number as transferred:. 0 “tion to said marker to cause said marker to oper-

“to’ ‘said marker, a trolible récofder, drid means in
“§aid mionitor “circuit effective if the first and
second registrations ‘do not “éoincide "to “connect
“with and opérate’ said trouble” recorder to make
“g Tecord of both registrations.

‘9. In a telephone “system, subscYibers’”
“switches, outgotrig trunks, _1git registers, switch
“econtrolling matkers, means to” conniect a calling

ione of said subscribers’ ‘lies Wwith one ‘ofsaid
“switch “¢ontrollig “marker’o- number as transferred to.said marker, and means

Sdigit Tegisters, “a
“means responsive to the registration-of a wanted
subscnber’s number in-szid* register to ‘transfer
“said wanted “number ‘to-said “markér -to” cause
tsald ‘markeér to opefate sald ‘sWwitchies to-ektend

hne‘s,

“ate said switches to extend. Sa,ld incoming trunk
to_sald,des;gnated line, an automatic monitor cir-
+euit, means responsive to the seizure of one of
. said registers to.connect said automatic monitor

5 ‘circuit with said register, means in.said monitor

“circuit to set up a first registration’ of said wanted
number as fransmitted to said register, means to
“eonnect said monitor circuit with said marker
“and to set up a second registration of the wanted

in said monitor circuit effective if the first and
second registrations coinecide to disconnect.said
" mionitor from said register and said marker.

12. In a ftelephore. system subseribers’ lines,

“said callifig-lire to-one of said-outgoiris’ frurks, §s switches, incoming. trunks; digit registers associ-

~outgomg ‘senders "~ associable “with-“said’ trunk,
‘means to connect said ‘markér- wrth oriz ‘6f satd
toutgoing * senders, “means -unider-*the’ contiol - 6f
«said “marker-‘to: further transfer-isaid wantéd

igaid sEnder’to- transmit said- number over-eard

unk-to contrél the-exténsion “truk - to
said 'Wahtéd '>§ubscril5er,?»-anf g )
seircuit, hieans ‘responsive - to -the éonneétion: of

“monitor circuit-with said marker
~gender, ‘means~in- safd automatic ‘moHitor - el
~guit to-set’ up:a- first registration:of the wa;

“Set up a-secorid-registration of the Wanted nu-
“Bervag transmitted - by: said;:sender andinieans
~inssaid monitor eiredit- effective vif -thexfirst-and
“gecond : registrationscoincide:todisconnect:said
Lynonitsr from sald markeriand said sender.: -
710, “Ins a7 teléphonezsystém; subseribers’s lines, ™

“abie w1th said trunks, switéh controlling mark-
ers, means responsive to a call incoming on.one
of said trunks to seize one’ of said registers and
“associate it with'said trunk, means to register the

‘number to said-one ‘outgoing ‘sender, medns i’ “go” ‘designation "of ‘one of sgid subscribers’ lines in .

“said incoming regzster means’ responsive to’ said
‘registration to connect said register with one of
“gaid markers'and totransfer said registered desig-
‘nation ‘to-said marker to-cause said marker:to

iid ‘marker With ‘said sender-ito sc¢éririec S?g}d “¥8° operate - said switehes - to-extend “said incoming

-trunk to said: desighated line,‘an-automatic' moni-
- tor circuit, means responsive-to the seizure of one
“bf said-registers-to connect said automatic moni-
for ‘eireuit with said register; means-in said moni-

“ayostor-circuit to set up a-first registration-of said

wanted number -as’transmitted’ to-said register,
“means-to connect-said monitor:circuit - with -said
“marker-and-to set-up-a-second registration of the
wanted number as’transferred to:said-marker, a
trouible récorder<and meahs insaid monitor-eir~
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