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This invention relates to switching systems and
1t more partlcularlv pertains to automatic tele-

- phone systems.
The principal obiects of the present invention

relate to the simplification of sutomatic tele-

phone gystems, to an increase in the reliability,
to a reduction in the cost, to an increase in the
speed of operation and in means for obtaining
other improvements therein.

More specifically, the present smtchmg SYS-
tem provides a novel method and novel means
for performing the marking, testing, registering,
selecting and connecting - operafions in an au-
tomatic telephone system by means of mechani-
cal relays and electronic discharge devices.

- One feature of the invention relates to a trunk
grouping and trunk operating arrangement
whereby the same relay type line finders have
access to calling lines and to called lines, with

discriminating means for causing the same line :
finder trunks to be connected to talking links
over originating or outgoing paths for calling

lines, or to these same talking links over terml—
nating or incoming paths for called lines.
Another feature of the invention is a mark-
ing or testing system in which the several frunk
grouns to which a calling line has access are
simultanecusly tested by means of electronic
tubes. If there is an available two-way trunk
(see Fig. 1) and an available secondary outgo-
ing trunk- associated with an idle link to which
the available two-way trunk has access (see Fig.
1A),
applied to the proper tubes so that onlv one tube
will fire at a given time (in the event that there

then properly phased pulses are effectively.

(CL 179—18)

|
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is more than one trunk available) for effecting

the proper relay operation for selecting and con-

necting with the proper trunk in the proper

- trunk grounp.

- Other features and - adva,ntages of the inven-

-~ tion will appear from the following detailed de-
scription, the exact nature of the invention be-
ing best understood from the description taken
in conJunctlon with the attached drawings in
which -

Pigs. 1 and 1A, when pla,ced together in the
.order named and with - corresponding lines in
~alignment, illustrate. a single wire diagram of
- the layout and trunkmg plan of the present in-
vention. -

- Fig. 1B is a key dlagmm indmatmg the order
‘in which the remaining figures, showing the cir-
cuit details, are placed in order to follow the

detailed descrlptmn of the operation of the SYS~
tem. |
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Fig. 1C indicates how the regular type and the
gang type relays: are-indicated. For example,
the three cross -marks within the confines of the
obligue lines associated with certain lines and
trunks means -that these cross marks represent
contacts of a gang relay, all of which are closed
when the relay-operates. The single cross mark
(not enclosed) indicates that only a single circuit

iIs closed when the- associated relay operates.
For exampnple, referring to the unper left hand

portion of Fig. 1, when the #I{ line finder gang

or tens relay #I and-the # line finder small or
units relay #I{ are operated, the ten lines hav~

Ing tens digit 1 -are connected to the ten hori-

zontal wires  associated with the lines of this

group and-the operation: of the #I units relay

selects the line of the ten having units digit #1,
for connecting line #Ht of this group to the two-
way trunk associated . Wlth this partlcvlar llne

-+ finder.

In pointing out the- dlsclosure in the fo]low-
ing figures it will -be understood that they are
abbreviated showings, with only a sufficient por-
tion illustrated to enable those skﬂled in the

'~art to understand the invention.

Fig, 2 illustrates one line circuit, its associated
Iine tube, together with eleven other similar tubes
and their connectlons to the common positive
pulser.

Fig. 3 shows connections of two of the hun-
dreds marking t{tubes, together with their asso-
ciated horizontal row. repeater or slave tubes
and their COIIH&Cthl‘lS to the common negative
pulser. |

Fig, 4 111ustrates certain common lockout and
release relays, together with an illustration of
certain contact connections for the hundreds
marking relays, as well -as the release and tens
marker- release tubes and rela,ys -

PFig. 5 shows a. sufﬁclent portien of the tens
marker -tubes -and their. connections, together
with a sufficient portion .ef the two-way trunk
test tubes for an understanding of the manner in
which these elements of the system function.

Fig. 6 shows the common .matching test tube,
together with the connections to certain of the
tens; units, second&ry mcommg trunk and group
markmg relays. .. .. . |
- PFig. T illustrates "a,..pmjtion of ..the. tens and'
units relays.of a line finder in the.100 line group.
- Fig, 8 illustrates .a .portion of. the. tens and
units relays of a line finder in the 200 line group.

Fig..9 shows two of the calling line units mark-
ing tubes and associated  relays, together with

95 one of the primary outgoing trunk finder relays.
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Fig. 10 illustrates additional primary outgoing
trunk finder relays.

Fig. 11 shows two of the secondary trunk
eroup tubes, the matching test relay and trans-
formers, together with a portion of the re]ays of
one of the link circuits.

Fig. 12 shows additional relays of one of the

links (above' mentioned), together® with: two of

the link test tubes.
Fig. 13 shows additional relays of one of the

links (above mentioned), together with a sche-

matic showing of the SAP relays-of all links-in-

sroups | and 2, to illustrate the method of mark-
ing idle and busy links.

Tig. 14 illustrates the connections for certain.

hundreds, primary and secondary incoming trunk

connecting relays, together with. certain co-oper--

ating transfer and group marking relays.

Fic. 15 shows additional secondary incoming
trunk connecting relayss- together with two of the
primary incoming trunk teést tubes:

PFig. 16 illustrates: a® portion: of the primary
irniconiing: trunk connecting’ relays. |

Fig. 17 shows a-’ portiofy of the terminating
nmigrker relays’ and:-a portion of the terminating
test marker tubes..

Fig. 18 illustrates certain: executing: and busy
relays, together® with the units- and: stations reg-
ister relays’ of- one- -of- the: recordets:

Pig. 19 shows the hundiréds and tens register

relays, together with the régister trdansfer: relavs

of the above meéntionied” recorder.

Wlt-h the assoczated" rect}rder tube malker'

Fig. 21 illustrates the: couniting relays' and ' the
recorder marker relay for the dbove mentioned
recorder’ togéthier with & showing of the:recorder:

tube niarker and: associated: recorder marker I -
lay for another recorder.

Fig: 29 shows® certain comMmon- tibes and re-
lays for controlling the: markmg of and " the mak-

ing” of connections between- the ' links: and the

recorders.

For the purpose of simplifying: the illustrations -

and facilitating the explanation, the various parts
and’ circuits constituting: the: embodiment of the

inivention: have been shown diggraimmatically and

certain conventional illustrations have been em-

ployed; the' drawings havihg been made more ;

with the purpose of 'making it'eéasy to:uinderstand
the principles and mode of operation, than with
the idea of illustrating the specific- constiuction
and arrangement of parts that would be em-
ployed- in practice. |

‘Thus, the various relays dand their contacts are
illustrated in a conventional manrner and sym-

bols’ are- used t‘”o"-'__iﬁdiba“f“e '-tHe‘_ connections to the
terminals of batteries or' other  sources of elec-

tric current, insteédd of showing all of the wir-
ing connections  to” these” terniinals: Plus’ ()
_and minus (—) symbols are’ employed to indicate
the positive and negative termindls, respectively,

of suitable sources of diréet current, instead of

using the ground and bdttery symbols usually

found in télephone' circuits, it being understood
that the positive termirdl of the- source  of di-

rect current used for operating the- various re-

lays is connected to ground The source of di-
rect’ current connected to certdain vacuum tube
¢ircuits has its- negatwe terminal connected o
ground The circults Operatmg m connectmn
Ventlonal symbols, with the short line: represent-
mg the negative” (grourided) terminal gnd the

Flg 20 shows’ certain contftyl and finder’ re-

U
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- tions.
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long line representing the positive (ungrounded)
side of the battery or other source of direct cur-
rent.

In this disclosure, positive and negative phased
pulses are used in connection with the opera-
{ion of certain of the vacuum tube circuits, as
will be later pointed out in detail, these phases
being obtained from any suitable:source of A. C.
as indicated in the lower left hand portion of Fig.
2. By means of the coupling between the wind-
ings, as illustrated by the long arrow, momentary
pulses. are. delivered to the ten circuits for op-
erating the vacuum tubes in various combina-
Impulse generators designed to produce
momentary impulses of either positive or neg-
ative polarity are disclosed in Holden Patents
#92.288,815. of June: 9, 1942 and #2,252,766 of
August 19, 1941. The pulses produced by the
impulse generator illustrated in the lower left
hand portion of PFig. 2 are assumed to be posi-
tive in character; that is they are.positive pulses
superimposed upon the:negative source of: direct
current. The pulses produced by the: impulse
generator of Fig. 3 are in phase -with those above
mentioned, but in this impulse: generating de-
vice negative impulses- are produced and super-
imposed on the negative direct current- source
of potential. In other words, while-the impulse.
senergtor of Fig. 2 is' sequentially: producing.
positive pulses in the:ten common- conductors as-
sopiated” with this pulse- generator, the impulse
ccnerator of Fig: 3 is sequentially producing neg-
ative impulses in phase with- those of Fig. 2 and
applying them: to the corresponding  ten: con-
ductors leading from- this. negative. pulser..

It is bhelieved that this:invention: will- best be
understood’ by considering that it is:applied. to
4 relay type: automatic telephone: system: of 700
liries capacity, arranged.in. 10'line groups, each
serving 70 lines; as indicated to:the-left of Fig.. 1.
it will be obvicus, that in: the event of an over-
lcad or underload of the trunk groups, due to
traffic conditions; lines may be'removed or added
to any of the hundred line: groups-to: relleve the
condition.

All vacuum tubes illustrated are: of: the cold
cathcde: tvpe, thus requiring no: filaments to be.
energized; dlthough it will' be- understood: that
tubes of the hot filament {ype may be provided
if desired.

The usual individual line relays are replaced
by small three element cold cathode tubes, one
complete line circuit and: the tubes  for twelve
line circuits being illustrated: in Fig. 2.

In describing the operation of this system, it
will be convenient to refer: to'certain line and
trunk connections illustrated in Pigs. 1 and 1A as
being in vertical and horizontal rows, and it-will
also be convenient to refer to the trunks lead-
ing from the line finders as two-way trunks,
siticeé these trunks take  care of” calls outgoing
from a line of the group as well as-calls incom-
ing to a line of the group. The numbers asso-
ciated with the relays and trunks of the Fig. 1
and Fie. 1A drawings have a particular signifi-
cance. For example: 1, 2 and 7 associated with
the group of enclosed X’s in the first 100 line
group ¢f lines means that each one-of these gang
relays, when operated, connects the associated
ten lines to the ten horizontal conductors., The
numerals 1, 2 and 3 associated with the single
Z's of a line finder indicate that lines  having
units digit 1, 2 or 3 of the ten above mentioned
are selected and connected to the associated two-

75 way trunk,
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© The two-way trunks are given reference nu-
- merals to indicate the number of the group and
~ the number of the trunk. For example, 1—1
- means trunk #1{ in line group #!, 2—3 means
- trunk #32 in line group #2, ete.

‘Referring to Fig. 1A, the numerals associated
- with the relays indlcated by the cross marks in-
dicate the number of the two-way trunk in the

horizontal row which is connected to the gsso-
ciated trunk in the vertical row. For example,

1—1 X 1—1 means two~way trunk #/{ of the #i
group is connected to the #1 trunk of the #l1
- group of trunks illustrated by the vertical lines
when the associated relay is operated. Similarly,
A3 X
- conneets the #3 trunk of the #2 two-way trunk
group to the #2 trunk of the #3 group. It will be
oovious that the numbers associated with the pri-
‘mary incoming trunk connectors are the same as

those associated with the outgoing trunk finders

since both refer to outgoing and incoming trunks
- of the same link. In the detailed description,
when referring to the operation of these relays,
1t will be specifically pointed out whether the in-

coming trunk connector or outgoing trunk finder .

is involved.

The two-way trunks appearing in contacts of
erimary incoming trunk connectors and in con-
tacts of primary outgoing trunk finders area se-

Iscted in accordance with whether the call is an

originating or a terminating connection. On
originating calls the primary outeocing trunk
finders connect the two-way trunks to secondary
cuigoing trunks, each of which is connected to a
link eircuit.
which indicate that the call is towards the link.
- On terminating calls the secondary incoming
runk connectors connect the links to the primary
incoming trunks and the primary incoming trunk

cennecters connect the primary incoming trunks

0 the two-way trunks. This is indicated by the
q} row heads which lead away from the link.

The links have access to a common group of
recorders by way of a link finder associated with
~each recorder, which link finder can select any
one cf 140 links.
dicated in the rectangles in a manner which in-
dicates the particular link finder relays which are
operated to associate a link and a recorder. For
example, link #{{ will be selected by operating
the #1{ gang and the #! small relay of the link
finder, while link #33% will be selected by operat-
ing the #3 gang relay and the #3 small relay of
‘--th9 associated link finder.

Kach group of 10 two-way trunks has access to |

tha secondary outgoing trunks in each of 10
secondary outgoing trunk groups, thus providing
a spraving or spreading arrangement so that an
originating c¢all on a two-way trunk of any two-

- way wunk group has access to g secondarv out-

-going trunk in any of the 1¢ secondary outgoing
trunk groups. The same spraying arrangement
- 18 provided for connecting any secondary incom-
- ing frunk of any secondary incoming trunk group
to a primary incoming trunk of any of the pI'l—
mary incoming trunk groups. |

GENERAL OPERATION

The cperation in general is, when a call is orig-

~inated on line number 111, for example, the re-.

~moval of the receiver at the telephone closes .z
circitit which fires the associated line tube, and
this tube operates the proper hundreds marking
- tube to mark the hundreds group in which the
originating call is located. The operation of any.

32 means that the operation of this relay

This is indicated by the arrow heads -

The links are numbered as in-

o

- hunci'reds marking tube (of which there are ten)
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inating call is also e;

effects the operation of a lock-out relay for mark-
ing this as an originating call and for blocking
the circuits to any terminating call at this time.
The operation of the appropriate hundreds mark-
ing tube locks out all other tubes of this group
and operates the proper hundreds marking relay.

MNext comes the operation of the proper tens
marking tube (of which there are seven) in ac~
cordance with the vertical group in which the
calling line is located. In the above example
since line number 111 ig calling, hundreds mark-
Ing tube #1 and tens marking ftube #i{ will be
fired. The firing of the tens tube effects the op-
eration of an associated tens marking relay,
wnich in combination with the operated hun-
dreds marking relay marks the group of ten lines
to be served by a particular group of ten two-way
trunks. When the tens marking tube operates, it
Iikewise locks out all other tubes of this group.

A test is now made for an idle two-way trunk
of the two-way trunk group which has access to
a group of secondary outgoing trunks in which
there is an idle secondary outgoing trunk. For
example, if the #! two-way trunk in the #i
line group is idle when line #111 calls, and if all
of the ten secondary outgoing trunks of the #I
secondary outgoing trunk groups are busy, then
the #1 two-way trunk of the #! line group will
not be chosen even though it is idle, since it has

no access to an idle secondary outgoing trunk.

This is accomplished by making s matching test
by means of a matching tube and matchmg relay,
as will be described in detail.

Assuming that the #1{ secondary outgomg frunk
of the #1 secondary outgoing trunk group is idle,

and that the #I two-way trunk of the #{ line

group 1s idle when line #111 calls, then the pri-
mary outgoing trunk finder relay —I x {—1 will
be operated for extending the calling line to link
#11{ which is link #1 in the #1 group. 'The orig-
fective to operate one of the
ten units marking tubes for operating one of s
common group of ten units marking relays.

After the hundreds, tens and units of the éall-

‘Ing line and the primary and secondary trunks

50

60

have been marked, the proper line finder relays
are operated for extending the calling line by way
of a two-way trunk and the secondary outgoing
trunk to the chosen link. The impulse (CB) and
holding (SA and SAP) relays of the link are now
operated, which is effective to connect the link to
an idle recorder, after which dial tone is tra,ns-
mitted to the calling line. -
The four digits of the wanted number are Now
dialed and after the dialing operation is com-

‘pleted a marking test is made for connecting the

called line by way of the proper tens and units
finder relays of an idle two-way trunk to an idle
incoming primary trunk of a group having access
to the link in use, by way of 1, secondary incom-

" ing trunk associated with this link. The sta,tlons

6O

70

digit, which is recorded in the recorder, is trans-
ferred to the station selecting relays Gf the link
and the recorder is releasc-d for use by another

-calling party.

The called line test is made in the link clrcmt.
and the busy relay will be operated if the line is
busy or the ringing relays will function if the line
Is idle. Tt will thus be seen that only enough re-
corders are required to handle simultaneous dial-
ing connections, since these units are discharged
as soon as the dialing operation is terminated.  In
the illustrated example; only 10 hundreds markmg

75 tubes are provided, one for each group of lines.
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Mo of - “thése “tubes- are -illustrated “in Flg -3,
JHNTM sérving ‘the 100 line group- .and 2HNTM
‘-‘~'~fserv1ng the 200 line group. “Tube IHNTM. is pro-
“vided with seven start electrodes ST which serve

~the seven start circuits individual to the seven s

“vertical or tens groups of the first hundred line
“group. The remaining three start electrodes COL
“‘are connected together and serve as a collector
“for transferring the operation over to the associ-

“ated repeater tube 1HNTMP. Tube 2ZHNTM is

provided with seven start electrodes which serve
~the ‘seven start circuits individual to- the seven
Criyertical or-tens groups of the second hundred line
ghoup. Similar tubes are provided for the addi-
i tional hundred line groups.

The ariodes A of the line tubes (T111, etc.) are
‘-'5-"3conneeted to the' positive pulser commons of the
“i‘-_';l1mpulse generator, with the pulse lead for phase
= #1, for example, being connected in multiple 1o

“the anodes of all line tubes having units digit-

“#1, 'The remaining pulse leads are connecied in
“common to the’'anodes of the other line tubes:as
“:jndicated by the notation associated with these
" Jeads.

~ Ten - horizontal ‘tube marking
THNTMP, 2HNTMP and 3HNTMP to' SHNTMP,
ineclusive (the latter 8 not shown), are provided
“in-order that one horizontal group having calling
lines therein may be served to the exclusion of
'- -*'Dther horizontal groups.

- A group of 7 tens markel tubes ({'TNTM and
2TNTM being shown in PFig. 5) is provided o
“gelect-one vertical group of lines to the exclusion
of other Vertlcal oroups having - simultaneous
'ﬁ-?*calls

“The two-way trunks are tested by a group-of
“ten tubes ({PTTT and ZPTTT being-shown in
- 'Wig.-5), each-of these tubes serving'ten two-way
“trunks. The ten two-way frunks served by. tube

{PTTT are those-which have access through a -

-particular group of secondary outgoing frunisto
. the-associated group of links. Consequently, the
. start electrodes of tube IPTTT represent respec-
tively primary trunk #I[ in-each of the ten two-
“way-trunk- groups. - Likewise, the ten-start elec-
~trodes of tube 2PTTT represent respectively pri-
-.mary trunk #2 in-each of the ten two-way trunk
. groups: and the same is true of the other eight
—.groups. -As will be seen from the detailed descrin-
. tion, the PTTT tubes are selectively-operated on
-- both originating and terminating calls.
- The purpose of tube MTT (Fig.: 6) is to make
.a -matching -test -oetween - secondary outgoing
trunks (and primary incoming- trunks) and-the
- two-way trunk groups accessible to these second—
.ary and primary trunks.
ondary trunks are- individually tested by means
‘of individual secondary -trunk test tubes {LT to
A0LT (ILT and 2LT only kelng shown in Fig. 12).

repeaters:

The idle outgoing sec- -

8
From”the above explanation of--the operation
~.of thé system in: general, it will be noted' that

“there are numerous tubes used in- common for

“marking paths over which connections are estab-
lished. It is believed that a more complete un-

derstanding of the operaticn of the system may be

_5'"_ 15

obtained from a detailed circuit description, as-
suming that line #11{ initiates a call and dials
#2131,
“line #1{% in the #2 hundreds group.

This represents a call for station #{ on

Detailed description
-~ Removing the réceiver at calling substation:A

{assumed to be station #111 and a dial telephone)

closes & eircuit from (4-), break contact of cut-off

‘relay COill, tip'line conductor T, substation eir-

+¢uit, ring line conductor R, break contact of relay

COEl and resistance 1RS to (—).
direct current to flow through resistance IRS in

“terminal.

- This -causes

the direction indicated by the arrow, which ‘is

effective to make the right-hand terminal of re-

sistance IRSpositive with respect to its left-hand
‘This positive potential is applied to

- -start electrode ST of tube TI11 (individual to the

25

calling line) by way of resistance 2RS.
This primes tube Tit! for firing and when the

" positive pulser applies a positive pulse to the #I

phase common conductor leading to anode A of
tube TH1il, the tube fires and permits current to

flow between the anode and cathode C.
Since the cathodes -of all the tubes individual

~to the lines in the same group (having the same
- fens- digit) are comnnected in common and -€X-

- tended through resistance 3RS, current will flow
35 through this resistance in the direction of the
arrow, thus rendering the upper terminal of this

- resistance positive with respect to its lower ter-
~minal.

This positive potential on the upper terminal of
resistance 3RS is applied to start electrode ST of

the - hundreds tube marker {HNTM by way of

conductor 135 and condenser (37 in series with

" yvesistor 1T associated with tube IHNTM. Since
“the cathode C of tube {HNTM is at negative

potential, the tubeionizes and fires, establishing

- a Aow of current from (4) (which is the positive

terminal of the tube source of current), break

contact of relay 2TLOP, break contact of relay

- TLO, break contact of relay RL, winding of relay

L0, conductor LO, anode A of tube { HNTM, cath-

- ode C and resistance 4RS to the negaftive terminal
- of the tube source of supply.

55

"'For example, the operation. of tube 1T marks

“secondary trunk #{ in each-chosen gro up as be-
‘jng idle. - When the matching test is made, the
" result of this test is registered by the operatwn
“of one of the ten tubes 1PTR to 10PTR, two of

It will be understood that any line tube in the

#{ hundreds group, when fired, is effective to fire

the #1 hundreds tube marker IHNTM, in the

“above ‘described manner, since the separate tens.
- marking conductors for this hundreds group are
connected to separate start electrodes of tube
L HNTM.
in' the #2 hundreds: groun fires tube 2HNTM

Likewise, the firing of any line tube

- since the separate start wires of this group go to

“which are shown. For exambple, tube 1PTR marks

“outgoing secondary group #/{ as the chosern grouy.
- The units marking tubes {UTM to GUTM, in-
';clus:we mark the umts d1g1t of the ca,llmg line,
“thére being two of these tubes shown in Fig. 9
“for the purpose of illustration. For example,
““tube 1UTM fires to mark the calling line‘as one
““having unhits dlglt #1. The ‘tens marking tubes
ITNTML and 2TNTML are for the purpose of
“marking the tens digits of the links. The units
< marking ‘tubes 1UTML and 2UTML ‘are for: the
-ipurpose-of-marking the units digit of the:links.

00

70

serarate start electrodes of tube 2HNTM.
Ririce lock-cut relay LO is included in the above
circuit, this relay is operated. It will be obvious

that this lock-out relay will likewise be operated

by the firing of the #2 hundreds tube marker

2HNTM, as well as by the firing of any of the
othier hundreds tube markers (not shown), since

-lock~-out conductor LO is connected iIn common
to -all of: these tubes.

| - The purpose 0f operating
relay LD at this time is to mark the originating

-~ call and to prevent the operation of the connect-
ing relays in response to a terminating call at

- this same- time.
‘75.the -lower:- break  contact-of relay LO, the-ter-

This is done by the opening of
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minatifig circult controlled by this contact being

described later, |
-~ Relay L.O closes an obvious circuit for oper-
ating its repeater relay LOP. The firing of tube
I HNTM sets up a positive potential on the collec-
tor electrodes COL, which potential is applied to
the start electrode {ST of the #{ hundreds mark-
ing repeater tube IHNTMP, there being one of
these latter tubes for each of the HNTM tubes.
Recalling that the negative pulser applies nega-
tive pulses to the ten indicated conductors 1 to &,
inclusive, in synchronism with the application of
positive pulses to the corresponding conductors
1"to 0, inclusive, applied by the positive pulser,
a negative pulse is applied to start electrode 2ST
of tube | HINTMP at the same instant that a posi-
tive pulse is applied to clectrode IST, as above
described. 'This fires tube i EINTMP, causing cur-
rent to flow in its anode-cathode circuit from
(4), make contact of relay LO, break contact of

relay 2TLOP, winding of hundreds marking relay

[FIM, conductor {4 end anode-cathade circuit of
tube IHNTMP to the negative terminal of bat-
tery. This current flow through the tube oper-
‘ates relay IHM to mark the #1{ hundreds group
as being the group in which the calling line is
located. It will be noted that the anode circuit
of tube IHN'TMP is completed to positive battery
at @ make contact of relay 1.O, which relay was
operated as above described to mark this as an
originating call. The purpose of this eircuit
through a make contact of relay LO and a mul-
tiple connection to positive battery through a
break contact of relay LOP will be explained in
connection with the clearing out of these marking
tubes when the connection is established froin
the calling line to the link circuit. |

The operation of any HNTMP tube esiablishes
a potential on the screen electrode of the operated
tube, such as electrode SC in the present example,
and since all screens of these tubes are connected

10
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10 -
tional start conductors of the first hundreds

group are extended by way of contacts of addi-
tional tens marking relays (not shown) to addi-
tional tens tube markers (not shown) in the same

© manner illustrated for the first two start circuits.

By this arrangement, if there are simultaneous
calis in two or more of the tens groups of the
marked hundreds group, only one of the tens tube -

‘markers will operate because the circuit for fir-
-ing these tubes comes from the positive pulser,

with the separate start electrodes of the separate
tens tube markers being connected to separate
phases of the positive pulser, |
“In the present example, a pulse applied at the
# 1 phase of the positive pulser again causes cur-

- rent to flow through tube Tili and resistor 3RS

for applying a positive pulse to conductor | H—iT
and thence by way of the condenser-resistor net-

- work and conductor 17 for firing tube I'TNTM,
20 -

since this tube has a negative potential connected
to its lower start electrode 2ST. The firing of
tube {TNTM is effective to lock out all other
tubes of this group, since the screen electrodes of

. the group are connected to a common terminal,
25 -

the Jock-out circuit functioning the same as de-
cribed above in connection with tube |HENTMP.
It will be obvious that the firing of any tens
marker tube is effective to lock out all other

~.tubes of the group, thus preventing the operation

30 -
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in multiple, this potential acts as an instantane-

ous lock-out circuit to prevent the operation of
a second tube of the group after one tube has
been fired. Current flows from ground applied
to the screen, including a common resistance 3RS
and a common condenser 5C, thus producing a
voltage drop across this resistance for making the
grids of the other tubes less positive, thereby pre-
venting a second tube in the group from trans-
ferring its ionization to the main anode.

The operation of relay IHM, as above de-

scribed, marks this call as being in the #1{ hun-

dreds group, that is, two-way trunk group #
indicated in Fig. 1. | |

When relay IHM is operated, all of the start
wires in the first hundreds group are extended
to the condenser-resistor network connected to
contacts of the tens marking relays. Two of these
start wires of the first hundreds group are shown,

(1H—IT and {H-—2T) as being connected to the

condenser-resistor network. It will be under-

stood that additional start wires, one for each
tens digit in the first hundreds group, will be
connected through make contacts of relay { M to
a similar condenser-resistor network. By way
of the condenser-resistor network, start conduc-
tor {H—IT is extended by way of conductor 17,
break contact of tens marker relay {TM to start
electrode ST of tens tube marker [TNTM.
Similarly, start conductor {H--2T is extended

50

0l more than one tens marking relay at any one
vimie, It will be apparent that the operation of
relay 1HM, plus the #1 phase positive pulse
through any T tube (of Fig. 2) in the #i hun-

dreds group and in the #1 tens group will be

eilective to fire tube ITNTM in the manner just
explained. Calls originating in the second tens
greup of the first hundreds group will condition
start conductor |H—2T for firing tube 2TNTM

,-By way of conductor 18 and the break contact

of relay 2TM. Likewise, the other start conduc-
tors ZH—IT and 2H—2T will be conditioned by
calls originating in the first and second tens
groups respectively of the second hundreds group
tor firing these same tens tube markers as previ-
ously described, except in this case, relay 2HM
wouid be operated by tube 2HNTMP instead of
relay IHM in the present example.

The firing of tube I'TNTM causes current (o
flow in the anode circuit of this tube which is
eliective to operate relay {'TM. This circuit ex-
tends from (-), make contact of relay LO, con-

~ductor {3, winding of relay ITM and anode-

50

cathode circuit of the tube to (—). 'The opera-

tlon of relay {TM markslthe calling line as be-
~ Ing in the #1{ tens group and the operation of

relay [HM marks the calling line as being in
the #1{ hundreds group.

“In this example, the #I group of ten lines
(111 to 110 inclusive) in the hundreds group is

- marked to be served by some one of the two-way

65

by way of the condenser-resistor network, con-

ductor 8, break contact of tens marker relay
2TM to start electrode IST of the second tens
tube marker 2TNTM.- Furthermore,_ the addi-

75

trunks in the #1{ group. Referring to Figs. 1
and 14, it will be noted that there are ten two-
way trunks in this hundreds group, each of which
has access to ten secondary outgoing trunks in a
separate secondary outgoing trunk group. It will
be assumed that two-way trunk #1 is idle and
that secondary outgoing trunk #1 in secondary
outgoing trunk group #I1 is idle. This means
that relays TFi and UF|( of the line finder must
be operated for connecting line #i1 to the #{
two-way trunk of this group. Furthermore, it
means that primary outgoing trunk finder relay
i—I X |—1{ must be operated to extend the call-
ing line to link #{(, which is associated with the
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#1 secondary outgoing. trunk in the #I[ secondary.

outgoing trunk group. .
The operation of relay {HM, previously de-

scribed (or any other HM relay), closes a circuit

for operating the matching test relay MT. This
circuit may be traced frcm .(—), resistance unit
3RS, winding of relay MT, conductor 38 and make
contact of relay (HM to (4-).

g, circuit is completed for firing trunk group test

tube 1STGT. This happens at the time the posi-

tive pulser applies the # 1 phase pulse to conduc-
tor 42, the circuit being traced from (4-), right-
hand Wmdmgs of transformer TRFI, break con-

tact of relay |SAP of link #1 in group #1, con-
ductor 83, resistor 'ERS and pomtwe pulser phase
ThlS positive pulser phase #1 conductor is

#1,
the same conductor connected to. the first phase

of the group in the lower left hand portmn of
The p031twe pulse. in-
duces a current in the left-hand windings of

Fig. 2 (conductor a2).

transformer TRFI, which current flows through
the riecht-hand windings of transformer TRF2,

from whence it is applied to start electrode ST
of tube ISTGT and since this same positive pulse
is applied to the anode A of this tube, the tube is

fired.
It will be understood that tube 28TGT will

fire in the event that there are no idle second-
ary trunks in secondary group #I, but that there
are one or more idle trunks in group #2. Other
STGT tubes are provided (not shown) for taking
over control for marking other secondary groups
as having idle trunks. The circuits for control-
ling the other STGT tubes may be readily traced
from other contacts of the MT relay, which close

similar circuits to the back contacts of the SAP -

relays associated with other groups, as shown,
in Fig. 1a.

of the #I1 group is idle. The circuit for firing

this tube may. be.traced from. (+),
make contact of relay. lHM,. conductor 29, re-

sistor 8RS and resistor 9RS to start electrode.

(ST of tube IPTTT. If this #1 trunk is busy,

there will be a .ground potential on the sleeve .

conductor of this trunk, as will be later described.
This ground by-passes. the positive - potential
from the contact of relay IHM just described so
that it cannot be apphed to the associated start

electrode of tube IPTTT. Wlth this trunk idle, .
however, positive potentlal is applied to electrode
IST at the same tilne tha,t the p031t1ve impulse, .
phase #1 is applied to anode A of this tube by
This happens at the same
instant that tube ISTGT was fired, as previously

way of conductor 42.

exPIamed It will be und;...lstood that if two-
way trunk #! in group #1 is busy and if two-

With relay MT-

operated and with a secondary outgoing trunk in
secondary outgoing trunk group #/{ being idle,

lowermost .

12

stant that a positive potential is applied to start.

~elcetrode 1ST of tube MTT, by the current-flow-

10 .

ing through the anode-cathode circuit of tube
{PT'TT and resistor 10RS for making the right-

- hand terminal of this resistor positive with re-

spect to its other terminal, which terminal is
connected to start electrode lST of tube MTT by
way of resistor 34RS and conductor 142. This
is because tube IPTTT is fired by phase #I.

A negative potential is applled to start elec-

T trode 2ST of tube MTT at this same instant.

15,

20

This is because the momentary firing of tube
ISTGT provides a pulse through the right-hand
winding of transformer TF3 by way of conduc-
tor 24. This applies a negative pulse to start-
electrode 2ST of tube MTT, by transformer ac-
tion from the left-hand winding of transformer.
TF3, which pulse is transmitted from this trans-
former winding, conductor 24, break contact of
relay {TLOP and ponductorkﬂ to electrode 2ST

“of tube MTT.

25
“ondary group having an idle trunk.

30,

From the above it will be obvious that match-
ing test tube MTT fires when the PTTT tube
fires to mark an idle two-way trunk in group #1
and when the STGT tube fires to mark a sec-
It will be
obvious that, if relay MT should happen to op-
erate just at the time the #2 phase positive pulse
is applied to conductor 43, tube 25TGT will fire
and tube 2PTTT would fire to take over and fto

"mark two-way trunk #2 as being idle and se-

35;51

40 -
Primary trunk test tube-  IPTIT is-now. fired
because it is assumed. that the. #1.two-way trunk

00

-60.

way trunk #2 in group #I is idle, then tube
2PTTT will be fired by the impulse of pha,se #2.
Similar conditions prevail for other trunks of the .

sroup, it being understood that other PTTT tubes
may be fired by phase #I,

but they will be in-.
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efflective because tube IPTR will have taken over_- |
and will lock out other PTR tubes as will shortlyr

be described.

When tubs [PTTT fires to marks the idle two--
way trunk in group #1 and when tube ISTGT

fires t0 mark the secondary group that has an

idle trunk therein, as above described, matching.

70 -

test tube MTT will be. fired. This is effected
by the #| phase positive pulse being applied to

the #1 anode IA of tube. _MfI‘T at _t‘h_‘eé_‘sa__n;gr_1‘n-.-___-75_'g_

lectable.

With tube MTT firing at phase #1, tube IPTR
is fired at this same instant to mark secondary-
group #1 as the chosen group having an idle
secondary trunk therein. In the event that tube
MTT should fire at phase #2, then tube 2PTR
would fire to mark secondary group #2 as a
group having an idle frunk therein. Further-
more, the firing of a PTR tube is effective to
lock out or prevent the firing of any other tube
of this group, since the screen electrodes of these
tubes are connected in common for providing the
lock-cut feature in the same manner previously
described in connection with the HNTMP tubes.

Tube [PTR is fired at this time because the
#1 phase positive pulse is applied to its start
electrode I1ST at the same time that current flows
in the anode-cathode circuit of tube MTT for
transferring a posltive potentlal to start elec-
trode 2ST of tube IPTR. The #| phase posi-
twe Julse c1rcu1t may be traced from conductor
42 and res1st01 I2RS 1o ‘the #| start electrode
IS'I‘ of tube IPTR. Since, at this same instant,

current is flowing through tube M’I‘T and resis-

“tor (IRS in the direction of.the arrow, the left-

hand terminal of this. resistor is rendered posi-
tive, so that positive potential may. be traced
through condenser . C8 and conductor (398 to start
electrode 28T of tube IPTR.:
Secondary. group marking relay (SGM is now
operated over g circuit which may be.traced from.
-, Cathode-anode circuit, C-A of tube [PTR,

conductor 140, wmdmg of relay | SGM, conduc-.

tor (9 and make contact of relay LO to (),
‘The opcration of relay {SGM marks seccndary

group #| as the group in which the marked sec-
ondary trunk. is located.
Since relay {HM has marked the #1 hundreds

group as the group in which the calhng Iine is

located, since relay 1SGM: has marked second-
ary group #I[ as being a group having an idle.
trunk therein and since relay. I'TM has operated.
to. mark the tens group in which the calling line
1S located line finder relay TF'l of two-way trunk.
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#1{ in group #! may now be operated because
this two-way trunk is the only two-way trunk
of the #1 group having access to all of the out-
going secondary trunks of the first outgoing sec-

ondary trunk group. A circuit for operating re-

lay TF't may be traced firom (1), make contact
of relay (HM, conductor 33, make contact of
relay {SGM, conductor {43, front contact of re-
lay {TM, conductor 45 and winding of relay TP
to (—). | |
Relferring back to the point where relay {SGM
. Was operated by the firing of tube IPTR to mark
secondary group #I as the selected group, the
operation of relay {SGM (or any other SGM re-
lay) closes a circuit for releasing relay MT by

2,645,634 "
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short-circuiting its winding. This circuit may |

be traced from (+), make contact of relay {SGM,
conductor 41 and the terminal between the wind-
ing of relay MT and the resistance connected in
series with this relay winding to (—). It will be
understood that the PTTT tubes, the STGT tubes
and the MTT tube are only fired momentarily
Just at the instant of application of the pulse
from the common pulser. The HNTM tubes, the
HNTMP tubes, the TNTM tubes and the PTR

tubes are maintained in their conductive condi-
- tlon after becing fired until releagsed Or quenched,
as will be later described.

It now becomes necessary to mark the partic-
ular secondary outgoing ftrunk in the chosen
group. In the present example, trunk #{ is to
be selected, consequently the #i{ link test tube
ILT will be fired. The circuit for firing this tube
may be traced from the #{ phase of the posi-
tive pulser (Fig. 13), conductor 42, resistor TRS,
conductor 83 and right-hand windings of trans-
former TRFI to ground. This induces an im-
pulse into the left-hand windings of trans-
former TRFI{, which impulse is extended to the
right-hand windings of transformer TR¥F2 for
inducing a corresponding impulse into the left-
hand windings of transformer TRF2, which im-
pulse is extended by way of conductor 57, make
contact of relay ISGM, conductor 55 and resis-
tor 13RS to start electrode IST of tube ILT.
This circuit also extends to corresponding start
electrodes of other LT tubes by way of resistor
I3RS. At this same instant, a pulse from the
#1 phase of the negative pulser is applied to
start electrode 28T of tube ILT only. Since
pulses from the negative pulser are applied o
the other LT tubes in different phase relations
from that above described, none of these other
tubes will fire, but tube (LT will he fired for
causing current to flow in its anode-cathode
circuit for operating the #| secondary trunk
marking relay (STM, to mark outgoing second-
ary trunk #[{ in the chosen group. There is a
lock-out circuit associated with the LT tubes.
comprising the screen grids of all of these tubes
connected in multiple and in series with g re-
sistor to ground on conductor (32 by way of a
make contact of relay LO, the purpose of which
1s t0 prevent the operation of more than one of
these marking tubes at any one time, in the same
manner as previously described for the HNTMP
tubes. It will be understood that if secondary
outgoing trunk #I is busy, relay SAP of the link
associated with this trunk will be in its operat-
ed position so that tube LT cannot be fired by

the #1 phase pulse. If trunk #2 is idle, the as-

sociated SAP relay will be normal and tube 2LT
- will be fired by the #2 phase impulse.

Since relay ISTM has been operated to mark
secondary outgoing trunk #1{ as idle, since relay
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ISGM has beent operated to mark sécondary out~
going trunk group #1{ as being the one in which
the required secondary trunk is located and since
relay {HM marks two-way trunk #1 as being
the trunk to which the calling line will be con-
nected, it now becemes necessary to operate pri-
mary outgoing trunk finder relay I—1{ x {—I{.
The circuit for operating this relay extends from

- (4), make contact of relay {HM, conductor 317,

make contact of relay 1SGM, conductor 52, make
contact of relay {STM, conductor 69 and wind-
ing of relay t—I{ x —j to (—). -

From the above example, it will be understood
that the combinations of the three marking re-
lays HM, SGM and STM, which are operated,
determine the various primary outgoing trunk
finder relays which will be selectively oper-
ated. The above example explains how relay
I—1I x I—! is operated by a combination of the -
#1 relay of each of these three designated re-
lays. If relay {HM and relay {SGM are oper-
ated in combination with relay 28TM, then pri-
mary outgoing trunk finder relay I—i x -2
would be operated because the second secondary
trunk of the first group is marked. Similarly, if
relay ZHM is operated in combination with relay
ISGM and relay (STM, then primary oufgoing
frunk finder relay 2—1 x I—1{ would be oper-
ated hecause the same link is to be connected
to the first two-way trunk in the second hun-
dred line group. Or if the 2HM, the 2SGM and
the 28TM Trelays are operated, then primary
outgoing trunk finder relay 2—2 x 2—2 would be |

operated because the second link in the second

group is to be connected to the second two-way
trunk in the second hundred line group:. It is
believed that other combinations are obvious.

Units tube marker (UTM is now fired over 2
circuit extending from the #| phase positive
pulse which is transmitted through tube TIi I
(transmitted at a subsequent pulse period from
that which effected the operation of tube
IHNTM) this pulse extending over conductor
[H—IT, make contact of relay {HIM, condenser-
resistor network, conductor 17, make contact of
relay I'TM, conductor 20, to the IST start elec-
trodes of all UTM tubes. Since this is a #1 phase
pulse, the (UTM tube will fire at this time be-
cause a #| phase negative pulse is applied to
1ts other start electrode 28ST. The firing of tube
'UTM operates units marking relay {UM over 3
circuit extending from (), make contact of re-
lay LO, conductor 13, winding of relay UM and
ancde-cathode circuit of tube IUTM to (—).
The screen grid electrodes of the UTM tubes are
connected in & lock-out circuit similar to that
described in connection with the HNTMP tube
circuits, - |

Since relay IHM marks a two-way trunk in
group #1, since relay {SGM marks a secondary
outgoing trunk in group #1{ and since these two
relays mark two-way trunk #I[ in group #1, the
combination of these two relays and relay (UM
selects finder relay UFI of two-way trunk #1{ in
group #1i. The circuit for relay UF{ extends
from (4), make contact of relay {HM, conduc-
tor 34, make contact of relay ISGM, conductor
41, make contact of relay IUM, conductor 46
and winding of relay UFl to (—).

With finder relays TFS, UFl and with pri-
mary outgoing trunk finder relay {—i x [—|
operated, it will ke seen from Fig. 1 that this
combination of relays selectively connects line
#111 to link #1{{, which corresponds to second-
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afy. outgoing - trunk- #1. in -secondary. outgoing. .

trunk group. #1.

The cloeed clrcult across the.-

calling. line operates calling bridge relay CB of

the link over & c1reu1t which may be tra,ced from -
(+) ‘winding ef ea,llmg budge relay CB; breek_._
contact -of enewermg bridge 1e1ay AB, condue-‘.

tor 72 of the #f outgomg secondary trunk in the
#l outgoing  secondary trunk group, make con-

tact of relay {—1 x 1—I, tip conductor T ef the
#{ two-way trunk in the #I two-way trunk
group, make contact of relay UFI, make con-.

10

tact of relay TFI, t1p eenductor T of the callmn :

line, through .the eallmg sub-statlo*l ring con-

ductor R -of the calling line, make contact of
relay. TP, make contact .of relay UFPI; ring con-
ductor .R. of two-way trunk #{ . in group #{,
make contect of relay. —I x 1—f, conductor 13
of the #1 secondary outgoing trunk in the #1.
secondary outeomg trunk group,- br eek contact

of relay AR and Wmdmg of rela,y CB to {—).

Relay CB operates to close an obvious circuit
for slow acting relay SA and relay SA closes an -
obvious circuit for operating its repeater relay

SAP.
Relay SAP :closes a locking. circuit for nder
relays TT‘H and UF! eﬂuendmg from (), malf

contact of relay SAP, conductor £8, make contacf |

of 1elay {—1 x {—1{, conductor 54 and make con-
tacts of the operated finder relays and thence by
way of the windings of these 1e1ays to (—).
operated p"‘lmaly outgemg trunk ﬁnder relay 1is

also locked over & circuit extending from (4+) on
conductor 68, as above traced, by way of a make

contact and wmdmg of relay I—ix (—1 to (—).

The

mrcmt from. ..(4), make contact of relay SAP-

conductor 14, make contact of primary outgoing

trunk finder re"ay {—1{ x i—1, conductor S and
conductor 25 to the poeint between resistors 8RS
and 2RSS, thus
may subsequenﬂy apply (<) petentral from the
tube battery tc conductor 28). from ftriggering
tube IPTTT by applying potential to its ST
electlode

Cut-oif relay.CO of the calling line is.operated
over g circuit extending from (+4-), make contact
of relay SAP, conductor 4. make. contacy of
relay |—f x {—1{, sleeve eenductel S of the #i

two-way trunk in the #1 group, make contact of.

relay UF{, make contact of relay TFI and sleeve
conduetm S of the calling line, Wmdmg of cut-
off relay CO—I1f to (—).

Relay SA of the link circuit also closes a cir-

cuit for operating release relay RL, which cir cuit-
is completed before relay SAP has time to operate,

the circuit extending from (-+), break contact of

relay SAP, make contact of relay SA, conductor
This current

16, and resistance f4RS to (—).
ﬂow through resistance (8RS in the direction. of
the arrow establishes a positive potential by way
of resistance I15RS to start electrode ST of release
tube RLT for firing this tube. Relay RI.: is oper-
ated in the anede~cathode circuit of tube RLT,
the circuit being traced from (4-), make con-
tact of relay LG, winding of relay RL: and anode-
cathode circuit of RLT and resistor {6RS to (—).

Relay RL: operates.in thls circuit and. opens .
the circuit for relay LO, the latter relay releas--
ing.. Since the winding of relay LO is included.
in the circuit of tube {HNTM, the opening of the

LO relay circuit removes. potential from _the
anode of this tube and quenches the tube.

(4, extending through the Wmdmg of relay
(HM_and the anode-cathode circuit, of tube

The

#1. two-way trunk is made husy- over a

pre\.fentme enether call - (which.

The
release of relay LO also opens up the cir cuit from.

20..4

25...

of relay LO removes () potential from

16
{INTMP for quenching this tube and for relees-
ing. .relay IHM. The release of relay LO also
opens up and reieases the lock- out repeater relay
LOP..
Smce the anode circuit of fube {TNTM, N -

‘cluding relay ITM, is included in the circuit to

(+4) by way. of a makc centact of relay LO, the
release of. this relay also quenches tube {TNTM
and releaaes rela,y {TM. Likewise, the release
con-
ductor 19 extending to the winding oi 1elil,
i SGM and the anode-cathode of tuke 1PTR ic

quenchmg this tube and releasing relay h,G

Furthermeore, the release of relay LO removes

. (4) potential from conductor 13 extending to

the winding of relay 1STM and the anode-cath-
ode. circuit of tube LT for quenching this tuhe
and releasing . relay {STM. Also, removing (- )
from conductor {2 opens up the circuil cf 1« ﬂf 2 I
i UM and tube. {UTM for quenching this tuba and
releasing this relay. Furthermore, the release of
relay LO opens up the circuit of tube RLT and
relay RL, thus quenching this tube and releasing
the RL relay.

It will be pointed out at this time that, fol-
lowing the release of relay LO, the next originat-
ing call cannot function until relay LOP is re-
leased and since thig latter relay is slow acting,
a short time interval is measured off during which

30 time no originating cail can come in, thus per-

&
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-cuit for the HM relays and the

alr
L

ing of the wanted digits

mitting o terminating call to. be marked. ‘Ine
reason another originating call cannot be marized.
until relay LOP releases, is that with relay LO
released and with relay. LOP operated, the clv-
HNTME tubes
is maintained open to prevent the firing of one
of .these tubes during this measured f{ime nier-
val. With relay RL released, another HNTM tube
can fire, but its asscciated HNTMP tube camnet
fire to operate the HM relay until the release

the LOP relay AS will be later described, the
release of relay LO, following an originating eall,
completes the cireuit for a terminating test,
which circuit extends to the winding of termi-
nating lock-out relay TLO, thus giving a termi-
nating call preference following an originating

call, but if there is no terminating call waiting,
then, after the above. described measured time
inter Val another orlglnatmg call can function.

It will be explained in connection with a terini-

nating call, how, followmg g, terminating call &
time 1nterva1 is meesured off to glive preference
to an orlgmatmg call before the next terminat-
ing call can funcjslen_ In this manner, originat-
ing cells alternate when severa] are awaiting at-
tention.

Time release

Before .proceeding . with the description relat-
ing to the selection of the recorder and the dial-
, 1t will be explained how .
the circuits are released out in the event of 2
faulty condition which prevents the normal oper-
ation as ahove described. "

The operation of any HM or TM relay closes

“a circult from (4-), make contact of relay LO.

75

"RCD and 1e51stor (8RS to (—).
'a charge on condenser RCD, this charge bem-’r

conductor {3, make contact of the HM or T
relay,- conductor- 21, resistor {TRS, condenser
This builds up

at a compar atively slow rate because of the re-
sistors in the circuit. If the circuits fell to func-
tion and release out the HM and TM relays, as
described, in a predetermined time, then the

charge on condenser RCD builds up. to. the proper
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point for establishihg ‘a ‘sufficient. potential on

the start electrode ST of time release tube TMRT.

for firing this tube and operating time release
relay TMRR in its anode-cathode circuit. The

operation of relay TMRR gapplies (4) to con-

ductor 16, which fires release tube RLT in the
same manner previously described when (4 ) was
applied to conductor {6 by the operation of relay
SA of the link. Release relay RL operates in
the anode-cathode circuit of tube RLT for re-
leasing relay LO as previously described. - The
release of relay LO opensg up the circuit of tube
TMRT and relday TMRR by removing (4) from
conductor I3, thus quenchihg the tube and re-
leasing the relay. In fact, the release of relay
LO clears out the circuits so that another call
may be initiated. The operation of relay RL
applies (+) to the terminals between condenser

10

RCD and resistor I8RS for short-circuiting and

discharging condenser RCD, thus placing the
tlmmg circuift back in normal condition.

Assoczatmg lmk wzth :recorder

Assummg that recorder #1 is idle, the opera-

tion of relay SA of the link closes g circuit from
(<), break contact of recorder cut-off relay RCO,
conductor {44, make contact of relay SA and re-
sistor 19RS to (—).
resistor in the direction of the arrow, thus es-
tablishing a positive potential by way of resistor
20RS to start electrode ST of tube TII. When
the positive pulser applies a #1 phase pulse by
way of conductor 42 to anode A of tube Ti{ the
tube fires and causes current to flow in the anode-

o ca.thode circuit and through resistor 2 IRS to (—)

in the direction of the arrow:. Since the anode
of this tube is energized by way of the #! phase
of -the positive pulser, the tube will be fired only
momentarily, that is, just during the very -short
interval that the #I phase oonduotor 42 1is
energized.

The current ﬂowmg through resistor 24 RS es-
tablishes a positive potential on the terminal of
this resistor to which conductor 94 is. connected
so that this positive potential is extended through
the condenser and resistor network of Fig. 22 and
break contact of relay ITMI, to start electrode
IST of the link tens marking tube ITNTML.

Current flows through this -
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"When tube 1TNTML is ﬁred current flows
through the winding of relay I'TML, as previously
described, this relay operates to mark the calling
link as g link having tens digit #1. The opera-
tion of relay |'TMI: switches the circuit extending
from the calling link by way of the condenser-
resistor network from the TNTML tube to the
UTML {ubes. Since this extended start wire
from the T tubke of the calling link (conductor 94)
1s only energized at phase #[ of the positive
pulser (since tube T is only fired at phase #1)
the #1 units marker tube will have g positive

pulse applied to its start electrode IST at the

same instant that a negative impulse is applied
to its start electrode 28T. With positive poten-
tial on its IST electrode and with negative po-
tential on its 2ST electrode, tube IUTML is fired
and a circuit is completed from (<), break con-
tact of relay LRLR, winding of relay IUML and
anode-cathode circuit of tube (UTMIL to (—).

The firing of tube IUTML likewise locks out all
other UTML tubes by means of the multiplied

- screen grid olroults in the same manner desorlbed
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in connection with the HNTMP tubes.

When relay SAP of the link is operated, a cir-
cuit is closed from (—), resistor 22RS, make con-
tact of relay SAP, conductor (45, break contact

of relay RCO and common conductor 85 to the

iST start electrodes of all recorder tube markers
R’I‘M At the time of the closure of this circuit,
the RTM tube of an idle recorder will be fired as

determined by the phase of the positive pulser

which 1s closed at this time. If will be noted that
any busy recorder will have the associated posi- -
tive pulse phase lead opened at a baok contact
of the associated SA relay.

Assuming that recorder #I 15 1d1e (relay SA

de-energized) and that the positive impulser ap-

- plies a #1 phase pulse at the instant relay SAP

4af)

This application of positive potential to the start

electrode of tube I'TNTML: fires this tube during
the instant that tube TII is fired. The anode-
cathode circuit of tube I'TNTMIL is oonneoted
through the link tens marking relay {TMIL to
(4-) at the break contact of link release relay
LRLR. _ o _

- It will be noted that the #1 phase pulse lead
conductor 42 is common to gll links with units
digit #1 and is connected to corresponding T
tubes of these links. Similar. oonneotlons to links
with other units digits are connected to the other
positive pulse leads. Since the calling link is
# 11, its tens digit is #1, and when tube Ti1 fires,
current flows through its anode-cethode circuit
as above described. It will further be noted: that,
if relay SA is opera,ted at the instant of the clo-
sure of some other phase from pOSlthE pulser,
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tube T11{ will wait until the positive pulser applies

the #§ phase pulse.

IFrom the above it will be seen that the ﬂrmg '

of any T tube in the #I{ tens group fires tube
ITNTML and the firing of this tube locks out
other TNTML tubes by means of the multiple
connection of the screen grids of all these tubes,
the circuit functioning in the manner already

explained in connection with the HNTMP tubes.
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of the link is operated, this pulse applies a po-
tential to start electrode 2ST of recorder tube
marker IRTM at the same instant that a (—)
potential is applied to start eleotrode {ST. This

- fires tube IRTM and current flows in its anode-

cathode circuit over a circuit extending from
(4), break contact of relay LRLR, conductor {15,
winding of recorder marker relay IRM, conduc-

‘tor 146 and anode-cathode circuit of tube [RTM
to (—).
. for marking recorder #1§ as the one tg be asso-

Relay IRM is operated in this circuit

clated with the calling link.

With relays IRM and {TMI. opereted a circuit

Is closed from (4-), make contact of relay {TML,
conduotor 125, make contact of relay {RM, con-
ductor 147 and winding of tens finder relay TFI
to (—). With relays {RM and (UML operated
a circuit is closed from (), make contact of re

- lay {UML, conductor 123, make contact of relay

IRM, conductor 148 and winding of relay UF{ to

(—). The operation of relays TF{ and UFIl con-
nects link #1 to recorder #1.

A circuit is now closed for operating callmg
brldge repeater relay CBP of the translator which
extends from (4-), break contact of relay CKP of
the link, break contact of relay BY of the link,
conductor 86, make contact of relay CB, conduc-
tor 87, make contact of relay TFI, make contact
of relay UF| and winding of relay CBP to (—).
Relay CBP closes an obvious ecircuit for operating
slow acting relay SA and this relay makes the re-

corder busy by opening the circuit of the asso-

ciated positive pulse lead 42,

- The operation of relay SA closes a circuit for

- operating recorder cut-off relay RCO of the link

75 which extends from (4-), winding of dial tone
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transformer DTT, make contact of relay SA,
make contact of relay UFl, make contact of re-
lay TR, conductor 91 and lower winding of relay
RCO to (—). The operation.of relay RCO opens
up the circuit to tube Tid, for preventing any
further firing of this tube. The operation of
relay RCO also closes an obvious circuit for oper-
ating link finder release relay LEFRL.

The operation of relay RCO closes a locking
circuit for itself which extends from (4), make
contact of relay SAP, conductor 88, make corIl-
tact of relay RCO and winding of relay RCO to
(—). Relay SA of the recorder closes locking
circuits for the link finder relays which were
operated (TF{ and UFI) extending from (),
front contact of relay SA, front contacts of the
operated finder relays and their windings to (—).

Referring back to the operation of relay RCO
of the link, a -circuit is closed from (+-), make
contact of relay RCO, break contact of relay
LFRL (this circuit being effective beiore relay
LFRL has time to operate), common conductor
92 and resistor 23RS to (—). This establishes
a positive potential at the terminal of resistor
23RS to which conductor -§2 is connected, this po-
tential being extended by way of resistor 28RS
to start electrode IST of common 1ink release
tube LRLT. This fires tube LRLT and a current
flows in its anode-cathode circuit, such ecircuit
extending from (--), front contact of relay 1" TML
or front contact of relay {UML, and winding of
relay LRLR to the anode of tube LRLT. Relay
LRLR operates in this circuit for opening up and
releasing the operated TML and UML relays and
for quenching the associated TNTM and UTM
tubes by removing (4) from the common circuit
leading to these relays and tubes.

The operation of relay LRLR also eifects the
release of relay IRM and the quenching of ifs
associated tube IRTM by removing (4) from
conductor i§5. With the operated TM, UM and
RM relays restored to normal, the anode circuit
of tube LRLT is opened, the tube is quenched
and relay LRLR is released. |

This marks the point at which -another link
can be connected to another recorder, since all
the common recorder marking tubes and relays
have been restored to normal. The calling line
is now connected to the recorder by way of the
calling line circuit, the line finder associated with
the two-way trunk, the primary outgoing trunk
finder, the link and the link finder to the re-
corder. | :

Dialing the called number

When the recorder is seized, as above described,
the operation of relay SA in the recorder closes
g circuit for operating counting relay CX which
extends from (1), make contact of relay SA,
break contact of relay CRLP, stick conductor
STK—I, break contacts of counting relays C0to
Cl, inclusive, and winding of relay CX to (—).

Dial tone is now connected to the calling line
over a circuit extending from the common dial
tone conductor (Fig. 19), dial tone condenser,
break contact of relay {TF, conductor 105, make
contact of relay CX, conductor 149, and wind-
ings of dial tone transformer DTT to ground.
The tone from the lower winding of transformer
DTT is applied to the calling line by way of a
cireuit extending through make contact of relay
SA, make contact of relay UF{, make contact-of
relay TFE, conductor 81, break contact of relay
BY (Fig. 13), conductor 84, break contact .of re-
lay RI, conductor {84, condenser TN, to the termi-
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nal of ‘the upper winding of relay CB, which is
the tip side of the calling line circuit, as above
described.

When the dial at the calling :station .opens the
circuit for the transmission of the first impulse,
relays CB and CBP release to close a circuif for
operating counting relay Ci which extends from
(4-), break contact of relay CBP, make contact
of relay SA, pick-up conductor PU, make con-
tact of relay CX and winding of relay Cl to (—).
Change-over relay CHO is operated over this
same circuit and remaing operated during the
transmission of impulses, releasing a .short in-
terval after the termination of the impulse trans-
mission for each digit. At the end of this first
impulse, relays CB and CBP operate for releasing
counting relay CX because of the .open circuit at
the break contact of relay CBP.

‘When relays CB and CBP release at the be-
ginning .of the next impulse, a circuit is closed
for operating counting relay C2 which extends
from (<), break contact of relay CBP, make
contact of relay SA, pick-up conductor PU, break
contact of relay CX, make contact of relay CI
and winding of relay C2 to (—). At the end
of this impulse, relays -CB-and CBP energize and
relay Cl releases because its energizing circuit is
open at -one bredak -contact of ‘relay CBP and its
locking circuit is open at another break contact
of relay CBP. Since this is the end of the
impulses-of the first digit, relay CHO releases be-
cause relay CBP remains energized for a com-
paratively long interval of time. When relay CBP
releases to operate a counting relay (C2, for ex-
ample), the preceding counting relay (C{, for
example) is not-released because of a locking cir-
cuit ‘which extends from (+4), make contact of
relay SA, break contact of relay CBP, stick con-
ductor STK—2, break -econtact of relay CX and
make contact of relay Cl to the winding of re-
lay CI. |

Referring back to ‘the point where relay CHO
was operated, -a circuit -is closed for operating
counter release relay CRL which extends from
(+),-make contact of relay SA, winding of relay
CRL, make contact of the continuity spring of re-
lay CHO, conductor 106, break contact of transfer

relay 4TF and resistor 23RS to (—). Relay CRL

closes an obvious circuit for operating its repeater
relay CRIP. |

‘When relay CHO releases, a -circuit is ¢losed
for operating the relay or relays of the hundreds

recorder, which, in ‘this example, is relay B, be-

cause #2 was dialed, the circuit extending from
(4>, make contact of relay SA, winding of re-
lay CRL, break contact of the continuity spring

of relay CHQ, make contact of relay CRL, ex-

ecuting conductor EX, make contact of relay C2,
conductor 108, break contact of transfer relay {'TF
and winding of relay B to (—). Relay B closes a
locking circuit for itself extending from (47,

make contact of relay SA, make contact of re-

lay CRLP, conductor (18, break contact of relay
iTF, make contact and winding of relay B 1o
(). Since this latter circuit for locking relay
B places (4+) potential on the right-hand side
of counting release relay CRL: (by way of con-
ductors {08 and EX), and sinee relay SA, at an-

other make contact, places (--) potential on the

left-hand side of the winding of relay CRL, this
relay is short-circuited and released for in turn

effecting the release of relay CRLP. With relay

CRL released and before relay CRLP releases,
(4) is removed from the conductor extending by
way of conductor STK—I{ and back -contacts in
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series of counting relays C0 to C3, inclusive, and
2 make contact of relay C2, for opening up the
locking circuit and releasing relay C2. Now when
relay CRLP releases, (4-) potential is again
placed on this circuit for again operating relay
CX for preparing the counting relays for the

next digit. The release of relay CRLP also opens

up the above described circuit by way of con-
ductor {4, which locks relay B of the hundreds
recorder (or register), but this relay is now locked
up over a circuit extending from (-4-), make con-
tact of relay SA, conductor 113, winding of relay
{TF, make contact and winding of relay B to (—).
Since this eircuit includes the winding of relay
{'TF, this latter relay is operated for transferring
the recorder selecting conductors (07 to (40, in-
clusive from the hundreds recorder to the tens re-
corder.

When relays CB and CBP release at the be-
ginning of the impulse of the second digit, re-
lays CI and CHO are operated as previously de-

10

15

20

scribed, for effecting the operations of relays

CRL and CRLP. At the end of this second digit
(assumed to be one impulse in this example) re-
lays CB and CBP remain energized for. g suffi-
ciently long interval to effect the release of re-
lay CHO. Relay CX is released after this first
impulse is transmitted and when relay CHO re-
leases, relay A of the tens recorder (or register)
is operated .over a circuit extending from (-L),
make contact of relay SA, winding of relay CRL,,
break contact of relay CHO, make contact of
relay CRIL, conductor EX, make contact of re-
lay Cl, conductor 107, make contact of relay {TF,
~break contact of relay 2TF and winding of relay
A to (—). Relay A closes a locking circuit for it-
self extending from (4+) by way of a make con-
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tact of relay CRLP, conductor {14, make con-

tact of relay ITF, break contact of relay 27TF,
make contact of relay A and the winding of relay

A to (—). At the termination of this digit, relay
Cl is released and relays CRL and CRLP release,
as previously described, for again operating re-
lay CX to prepare the counting relays for the
next digit and for also operating relay 2TF in a
- clrcuit similar to that previously descrlbed for
~ the operation of relay I'TF,

It was assumed that three impulses are trans-

22

make contacts of relays ITF and 2TF and a
break contart of relay 3TF, conductor 151 to re-
lay B. Relays A and B close locking circuits for

themselves extending by way of conductor 114

and make contact of relay CRLP to (4) at a
make contact of relay SA. This locking circuit
15 effected to short-circuit and release relay CRI: .
in the manner previously described for effecting
the release.of relay CRLP, after which relay 3TF
is operated all in the previously described man-
ner, |
- Relay CX is now operated to again prepare the
counting relays for the next or stations digit.
Assuming that this digit comprises one impulse,
the release of relays CB and CBP effect the op-
eration of relays Cl, CHO, CRL and CRLP. At
the end of this dlgﬂ: relays CB and CBP remain
operated for effecting the release of relays CX,
CHO, CRL and CRLP. The release of relay CHO
operates relay A over the previously described
circuit, which now extends by way of conduc-
tor 10T and make contacts of relays {TF, 2TF and
STF, break contact of relay 4TF, conductor 152
and winding of relay A to (—). Relay A closes
an obvious locking circuit for itself which is ef-
fective to release relays CRL and CRLP and re-
lay C1 is released during the interval between
the release of relay CRL and CRLP. Relay CX
is again operated but, since there are no addi-
tional digits to be transmitted, the preparation of
the counting relay circuit for another digit is of
no etlect at this time. Relay 4TF is operated
when relay CRLP releases for inserting the wind-
ing of relay 4TF in the locking circuit of relay
A of the station register,

oSince the hundreds, tens, units and stations
digits have now been dialed, it is now in order to
cause the called line to be connected to the same
link to which the calling line is connected and
to cause the stations digit recording to be trans-
ferred to the stations relays of the link for a1~

- plying the proper ringing current to the called

mitted for the third or units digit, which are ef- -

fective to intermittently operate relays OB and
CEP for operating the counting relays in a man-

ner which will now be obvious from the above
I'he complete operation of the

explanation.
counting relays is disclosed in connection with
Fig. 6 of Powell Patent 2,325,877. Relays CHO,
CRL and CRLP are operated at the'beginning of
the Impulse series and are released at the end of
the series, with counting relay C3 remaining op-
erated until the units register relays are oper-
ated, after which the counting relays are re-
stored to normal and relay 3TF is operated for
transferring the control circuits to the next re-
corder. Since #3 was dialed for the units digit,
units recorder relays A and B will be operated.
Relay A of the units recorder is operated over
a circuit extending from (<), make contact of
relay SA, winding of relay CRL, break contact
of relay CHO, make contact of relay CRL, con-
- ductor EX, make contact of relay C3, conductor
107, make contacts of transfer relays I'TF and
ZTF break contact of relay §TF, conductor 150
and winding of relay A to (—). Relay B of the
units recorder is operated over a similar circuit
but extending through the other make contact of
relay C3 to conductor {08 and thence through
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line as selected by the dialing of the stations
digit.

Terminating marker operation

It now becomes necessary to translate the
digits recorded on the various recorders back to
the decimal system for selecting any one out of
10 hundreds groups, any one out of 10 tens Sroups
and any one out of 10 units groups, together with

transferring the station recording to the station

relays of the link. 'This isg accemplished by an
exXecuting circuit which permits the association
of one and only one recorder with a common
marking circuit at any one time.

In this example, the operation of relay 4TF
records the fact that the last digit has been
dialed and closes 3 circuit from ¢ —), resistor
25RS and conductor 128 teo all of the start elec-

~trodes of the terminating test marker tubes
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{TTM and 2TTM, up to and inecluding 25 TTM,
the last 23 tubes of this group not being shown.
It is understood that there is one of these tubes:

for each recorder and it is assumed that there
are 29 recorders. This (—) circuit is established
to start electrode {ST of tube ITTM, as well as
to corresponding start electrodes of all other
tubes of this group. The #2 start electrode 28T
of tube {TTM is connected to the # i phase of
the positive pulser and corresponding start elec-
trodes of the other tubes 2TTM to 25TTM, in-
clusive, are individually connected to the #?2 to
29 phases of the positive pulser. This connec-
tion of each tube to a separate phase of the posi-
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tive pulser determines that only one tube of ‘the
group can be fired at any one time. In the
present example, tube ITTM will be fired at
phase # 1 if no other tube of the group is ener-
gized at this same instant. The reason for this
is that the firing of any tube of the group locks
out all other tubes of the group because of the
multiple screen grid lock-out arrangement, simi-
lar to other loclr-—out circuits as previously de-
scribed.

The firing of tube ITT'VI at phase #I of the
positive pulser is an indication that recorder #
is to be selected. Executing relay IEX is oper-
ated in the-anode-cathode circuit of tube ('T'TM,
the circuit extending from (), break contact
of release relay EXRL, conductor 133, winding
of relay 1EX, conductor {29 and anode-cathode
elements of tube ITTM to (—). It will be
obvious that a similar circuit would operate
relay 2EX if tube ZTTM had been fired to mark
recorder #2 as the one to be selected. Similarly,
other recorders are selected in accordance with
the particular one of these TTM tubes which Is
fired. The operation of relay {EX marks recorder
#1 as being the one to make the called line test.

Referring back to the point where relay dTF
was operated to mark the recording of the third
digit, a circuit is closed for operating busy test
relay BT which-extends from (), break contact
of relay [EX, conductor (53, make contact of
relay 3TF, conductor 154 and winding of relay
BT to (—). Now when relay {EX operates, as
above explained, this circuit is opened and relay
BT releases after a measured time interval.

Relay 1EX closes an obvious circuit for operat-
ing its repeater relay IEXP. Relay |IEXP con-
nects (4-) by way of conductor {59, through the
contacts of {he various recorder relays to the
commeon leads leading to the terminating marxer
relays. Since only one EX relay and one EXP
relay can be operated at any one time, a selec-
tion is made of the hundreds, tens and units
common marking relays in accordance with the
number recorded by the recorder which is in ifs
executing condition.

In the present example, relays 2H, I'T and 3U
of the terminating marker will be obperated
hecause #2143 was dialed for the hundreds, tens
and units digits. The circuit for operating relay

2H may be traced from (-4), make contact of ;

relay 1EXP, conductor 155, break contact of
‘relay A of the hundreds register, make contact
of relay B of the hundreds register, break con-
tacts of relays.C and D of the hundreds register,
conductor 2H and winding of relay 2H. to (—).
The circuit for operating relay IT may be traced
from (--), make contact of relay |EXP, conductor
156, make contact of relay A of the tens register.
break contacts of relays B, C and D of the tens
register, conductor I'T and winding of relay I'T
to (—).. The circuit for operating relay 30 may
be traced from (4), make contact of relay
i EXP, conductor {57, make contact of relay A
of the units register, make contact of relay B
of the units register, conductor 23U and wind-
ing of relay 3U to (—).

The station relays of the link connected to the
recorder are operated over circuits leading
through contacts of relay IEXP and relay | IRTF,

it being understood that only one EXP relay and .

only one RTPF relay can be operated at any one
time. The circuit for operating relay | IR TF may
be traced.from (<), make contact of relay 1EXP,
conductor 127, make contacts of the finder relays
UFY and TFI, conductor 95 and winding of relay
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HRTPF to (—). “The busy relay circuit of the
link is likewise extended through contacts of
relays IEXP and { iRTH and is operated or not
in accordance with the operated or released con-
dition of relay BY of the recorder.

In the event that the called line is busy (line
#243), ground on the sleeve conductor S213 of
this line will be -extended through make contacts
of relays 3U, IT, 2H, conductor 135 and contacts
of {EX, BT and BY to the winding of relay BY
for operating this relay. Relay BY closes a lock-
ing circuit for itself to (4-) at a make contact
of relay {EX.

The operation of relay BY applies (4) to con-
ductor {80 by way of a make contact of relay
IEXP for operating relay BY of the link by way
of -a- make contact of relay IIRTPF. Relay BY of
the link closes a locking circuit for itself to (+)
at a make contact of relay SAP, by way of con-
ductor 88. The operation. of relay BY -of the
link connects busy tone fo the calling line by
way of a make contact of relay BY, conductor 84,
break.contact of ringing relay RI, conductor 84,
condenser TN and conductor 12 which extends to
the tip side of the calling line. Relay BY 18
locked in its operated position until the calling
party hangs up and opens up the above described
locking circuit.

When relay BY in the link is operated, the cir-
cuit of relay CBP of the recorder, including con-
ductors-86. and 87, is opened- at a break confact
of relay BY for effecting the release of relay CBP,
which in turn effects the release of relay SA of
the recorder.

The release of relay SA opens up the locking
circuits of 'the link finder relays which were
operated for effecting the release of these relays.
The release of relay SA also removes posifive
potential from the counting relay circuit of the
recorder for restoring any of these relays which
were left operated in response to the last digit.
This also efects the release of relay CHO which
would be operated (but which performs no func-
tion) by the release-of relay CBP.

Relay SA also opens up the above -described
locking circuits for the hundreds, tens, units and
transfer relays of the recorder.

Relay EXRIL is operated when relay SA of the
recorder releases and before relay CHO releases,
over 4, circuit extending from (<), break con-
tact of relay SA, make contact of relay CHO,
conductor 11, make contact and-winding of relay
| E37P. conductor 1 i8-and winding of relay EXRL
to: (—). This circuit locks relay (EXP and
operates relay EXRIL. The operation of relay
EXRL removes (1) from conductor 133 which
opens up-the anode-cathode-circuit of tube 'TTM
for quenching this tube and for releasing relay
I1EX. 'The release of relay IEX opens up and
releases relay BY of the recorder. The release
of relay -CHO-of the recorder effects the release
of relays IEXP and EXRI: by opening up con-
ductor 1T.

The release of the finder relays TF{ and UFI
opens up conductor 9% which releases relay
IHRTP, this circuit being further opened by the
release of relay IEXP. The operated marker
relays 2H, IT and. 3U are released by the release
of the relays of the hundreds, tens and units
recorders which clears the 10 hundreds, 10 tens
and 10 units wires from (-4-) on conductors {39,
156 and- I151.

If the called line is idle, relay BY of the re-
corder will not operate and then shortly after
the operation of relay (EX, relay BT will be
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released and, because relay BY is not operated,
ground is connected to the sleeve conductor of
the called line for operating the cut-off relay
of this line and making it busy. This circuit may

be traced from (4-), break eontact of relay BY,
break contact of relay BT, make contact of relay

IEX, conductor 135, make contact of relay 2H,

make contact of relay IT and make contact of

relay 3U to conductor S218 which leads to the

sleeve of the called line. @

It will thus be seen that the test of the called
line is made by the recorder, and if the line is
busy the busy relay in the recorder operates,
- operating in turn the busy relay of the link to
provide busy tone to the calling line, after which
the recorder is discharged, thus not holding up
- the common recorder equipment while the calling
. party is listening to the busy tone. It will also

be noted that no station selecting relay in the

link 1s operated on a busy call because the BY
relay of the recorder opens up the circuit to (41-)
at confact 158, which sets the station relays in
the link by way of conductors 96, 97, 98 and 99,
Furthermore, it will be understood that the H
relays can have contacts provided for controlling
the time release feature in the event that the

clearing out operation is not effected within a
Pbredetermined time after the start of the marking

operation on a terminating call. This circuit
arrangement may be provided in a similar man-
ner as the time release clear-out feature above
described in connection with time release con-
denser RCD and time release relay TMRR (of
Hig, 4), . |

Assuming that the called line is idle, it will

now be explained how the circuits funection for

connecting the link to the idle called line. With
executing relay IEX of the recorder operated,
and with lock-out relay IL.O in its de-energized
condition (because ho originating call is being
marked at this instant), a circuit is closed for
operating terminating lock-out relay TLO. This
circuit extends from (4-), make contact of relay
IEX, break contact of relay BT, break contact
ol relay BY, conductor 12, break contact of relay
3TLOP, break contact of relay 1.O and winding
of relay TLO to (—). B

The operation of relay TLO closes an obvious
circuit for operating its repeater relay ITLOP,
this relay in turn closes an obvious circuit for
operating its repeater relay 2TLOP and this relay
in turn closes an obvious circuit for operating
its repeater relay 3TLOP. o

With relays TLO and 2TLOP operated, the cir-

cult of relay LO is opened for a purpose which

has been previously described. This open cireuit
of the LO relay also opens up the anode cireuits
of all HNTM tubes for preventing the firing of
any of these tubes at this time. This, in turn,
~ prevents the firing of any ENTMP tube and the
consequent operation of any HM relay at this
time. This arrangement enables an originating
call to be marked, as previously described, after

which a short interval is provided. to- allow a

terminating call to be marked, as just described,
with originating and terminating calls alternat-
ing when simultaneous calls are recorded.
The operation of relay {TLOP switches start
electrode 28T of matehing tube MTT from the
previously described testing circuits for the pri-
‘mary oulgoing trunks to the testing circuits for
the primary incoming trunks, which inclhide the
primary incoming trunk tubeg IPITT, 2PITT
(up to and including 18PITT, not shown). The
cut-off relay. of the called line is operated by

26

the release of relay BT of the recorder, over a

circuit extending from (4), break contacts of

relays BY and BT in series, make contact of relay

IEX, conductor {35, make contacts in series of

5 relays 2H, IT and 30U, sleeve conductor S213 of

~called line #213 and winding of the cut-off relay
(not shown) of the called line to (—). |

- Recalling that terminating marker relays 2H,

I'T and 3U were operated, the two-way trunks

10 for connecting the PITT tubes in circuits are

‘now completed in the same manner as previously
explained in connection with the HM relays, ex-
cept that the test is made dependent on relay
I'TLOP being operated, thus preventing interfer-

15 ence with an originating call, which may be in
progress while the marking relays are operated,
but while relay ITLOP is not operated. Conse-
quently, in the present example, tube {PITT will

‘be fired by the #1 phase of the positive pulser

20 because the #1 trunk in group #2 is idle and
no ground is applied to the point between re-
sistors 26RS and 2TRS to the #2 start electrode
of tube [PTTT. This eircuit for firing tube {PTTT
extends from the positive terminal of the direct

25 current source, make contact of relay ['TLOP,

make contact of relay 2H, conductor 38, resistors
20RS and 2TRS to the #2 start electrode 28T
of tube IPTTT. The firing of this tube marks
two-way trunk #I1 in group #2 as being idle.

30 If trunk #1{ in this group is busy and trunk #2

1s idle, then tube 2PTTT is fired at phase #2, ete.
The #| primary incoming test tube {PITT is
now fired because positive battery is applied to
its #1 start electrode IS8T over a circuit including

30 a make contact of relay | IRTF. Thisg is because
1t is assumed that there is no ground potential
on the point between the two resistors 28RS and
29RS (conductor 63) associated with this tube,
since it is assumed that the #1 incoming primary

40 trunk in the #1 group is idle. If the #1 primary

incoming trunk in the #1 group is busy and
trunk #({ in group #2 is idle, then tube 2PITT
takes over at phase #2 and tube 2PTTT takes over

- abt phase #2 to mark the #2 two-way trunk as
45 being idle. | N | -
| 'The circuit for applying the positive potential
to start electrode IST of tube IPITT may be
traced from the positive terminal of the direct
current source, make contact of relay ITLOP,
50 conductor 101, make contact of relay [IRTP,
- conductor {03 and resistors 28RS and 29RS to
start electrode IST of tube I{PITT. | |
It should be pointed out at this time than any
link having #1 for its units digit (link #11, 21,

50 up to and including OI), having its associated
RTF relay operated at the time that the #{
bhase of the positive pulser is applied and with
primary incoming trunk in group #i{ being idle,

~ will fire tube {PITT. If trunk #I in group #1 is
60 busy and trunk #1 in group #2 is idle, then tube -
2PITT takes over at phase #2 and tube 2PTTT
takes over at phase #2 to mark the two-way trunk

#2 in this group as being idle. | S
Matehing tube MTT is again ‘brought int

65 service for providing the ‘mafching test (as de-
scribed in connection with an originating call),
but in: this case it fires when the PTTT tube
‘marks the idle two-way trunk and when the PITT
tube marks the idle primary incoming trunk hav-

70 ing access thereto. The circuit, in this example,
- for firing tube MTT is effective when current
flows in resistor {0RS connected in the cathode
circuit of the PTTT tube in the direction of the
arrow, which is effective to apply a positive po-
75 tential to start electrode IST of tube MTT by way
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of conductor 142 at the same time that a po-
tential is applied to the #! start electrode of
tube MTT by way of a make contact of relay
I'TLOP and conductors 23 and 22. o

When tube MTT fires, it applies a positive po-
tential to the #IST start electrode of all PTR
tubes and the particular one of these tubes will
be fired in accordance with the phase at which
tube MTT is fired. In this example, tube MTT
is fired at phase #I1, consequently tube IPTR
will be fired at this same instant and relay ISGM
will be operated in the output circuit of this tube
over a circuit extending from (4), make con-
tact of relay ITLOP, conductor 19, winding of
relay ISGM, conductor 140 and anode-cathode
circuit of the tube IPTR to (—). It will thus
be seen that if tube MTT fires at phase #1, tube
IPTR fires at this instant to mark and register
the fact that primary incoming trunk #I in
group #1 is chosen. If primary trunk #I in
group #2 is chosen (tube MTT firing at phase
#2) then tube 2PTR takes over. 'The operation
of any PTR tube locks out all other tubes in the
group. because of the multiple screen grid con-
nection, which is accomplished in the previously
described manner. |

Referring back to the time when relay BT
of the recorder is released (with relay BY de-
energized because the called line is idle), a cir-
cuit is. closed for operating station relay A of the
link which extends from (-4-), break contacts of
relays BY and BT in series, make contact of relay
IEX: make contact of relay A.of the station regis-
ter of the recorder, make contact of relay IEXP,
conductor 98, and make contact of relay [ IRTF
to the winding of relay A of the link. Relay A
closes a locking circuit for ifself extending from
(4-), make contact of relay SAP, conductor 88,
make contact and winding of relay A to (—). It
will be noted that the station relay of the link
is. operated only when relay BY of the recorder
is in. its de-energized position, as an indication
that the.called Iine is idle;:

A circuit is now closed for operating secondary
incoming trunk connecting relay (—1 x [—I1
(Fig. 6) which extends from (-}), make contact
of relay |TLOP, conductor 26, make- contact of
relay [ IRTP, conductor 58, make contact of relay

{SGM and winding of relay {—I1 x I-—{ to- (—). ;

A circuit is now. closed for operating primary in-
coming trunk connector relay 2—{ x [—I1, which
extends from (), make contact of relay I'TLOP,
conductor 35, make contact of relay HRTF, con-

ductor 59, make contact of secondary incoming

trunk connecting relay {—1 x l—I1, conductor
84, make contact of relay 2H, conductor 161 and
winding of primary incoming trunk connecting
relay 2—I-x 1—1 to (—).

“The: #1 primary incoming trunk in group #I
must test busy because relay {—{ x |—I in verti-
cal row I (Fig. 1A) has been operated, as previ-
ously described, to render this trunk non-se-
legtableto succeeding calls until cleared out. This
make: busy circuit extends from (4=), break con-
tact of relay CK- (Fig. 13), make contact of
relay CKP, conductor 104, conductor S .(in brack-
eted . conductor 54), conductor S (Fig. 6, brack-
eted conductor 54), make contact of relay f——I

x |=—["and conductor 63 to the point between T

resistors. 28RS. and’ 29RS, which prevents trig-
gering ‘tube IPITT by its start electrode IST.
The #I two-way trunk in group 2 must. test
busy: because relay 2—{ x 1—I in vertical row |
(Fig. 1A): has been operated, as previously de-
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scribed, to render this trunk non-selectable to
succeeding calls until cleared out. This make
busy circuit extends from (4-) on conductor S

(Fig. 8, bracketed conductor 54, as just described),

make contact of relay {—{ x I—I, conductor S

(bracketed conductor 53), conductor S of Fig. 16,
make contact of relay 2—1 x I—I{, conductor 2T
(from Fig. 16 through Figs. 8, 7, 6 and 5), to the
point between resistors 26RS and 2TRS, which
prevents triggering tube I{PTTT by its start elec-
trode 2ST.

This completes the connection between the call-
ing link and the two-wgy trunk in the selected
hundreds group. It now becomes necessary fo
operate the proper tens and units finder relays
associated with this two-way trunk for connect-

ing to. the called line. Before describing this op-

eration, a. brief explanation of the method of se-

lectively operating the incoming secondary trunk

connecting relays and the incoming primary
trunk connecting relays will be given.

In the above example, link #1{l is to be con-
nected to primary incoming trunk #{ in group
#1 by way of incoming secondary trunk connect-
ing relay I—I x {—I1 and thence to two-way
trunk #1 in group #2 by way of incoming pri-
mary trunk connecting relay 2—1 x f—I. This

is because the #2 hundreds was dialed for oper-

ating marker relay 2H and because the test of
the two-way trunks in group #2 marked #I[ as
heing idle and the test of the #1 primary incom-
ing trunks in -all groups to which link #11 has
access, marks #1 in group #| as being idle. Con-
sequently, with recorder trunk finder relay | IR'TF

operated (only one of which can. be operated at

any. one. time), because: link #11 is calling and
with secondary group marking relay ISGM op-
erated (only one of which can be operated. at-any

one time), because the matching test showed the

#1{ two-way trunk in group #2 to be idle and the
#{ primary incoming trunk in group #1 to he

idle, a circuit is completed through these two

relays for operating incoming secondary trunk

connecting relay |—I x {—1, as above described.

If the #2 two-way trunk in the #2 hundreds
sroup is marked idle when link #I1 1s calling,
then the #{ primary incoming trunk In group
#92 must. also be marked idle (as registered by
the operation of relay 2SGM instead of relay
ISGM) for operating incoming secondary frunk
connecting relay 2—! x I—I, and so on. for all
the incoming secondary trunk connecting relays
in the horizontal row i as illustrated in Fig, 14.

If link #1012 is calling, the operation of relay
ISGM selects incoming secondary trunk con-

necting relay 1—=2 x (—2, relay 25GM selects

relay 2—2 x I—2 and-so on for all the incoming
secondary trunk: connecting relays in the second

horizontal row as illustrated in Fig. 14. I{-will be

noted that it makes no difference which hundreds
is ealled for determining the operation of the in-
coming secondary trunk connecting relays he-
cause they function on calls to the various hun-
dreds, the determining factor being that the
operated SGM relay shows that the idle marked
two-way trunk in the selected hundreds corre-
sponds to. the idle marked primary incoming
trunk having access to this two-way trunk and
the number of the calling link further determines
the particular secondary trunk connecting relay
to be operated in the horizontal row marked.
The determining factor for the selective oper-
ation of the incoming primary trunk connecting

75 relays is the number of the dialed hundreds digit
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and the horizontal row in which the operated
Incoming secondary trunk connecting relay is
located. In the above example (link #1({ call-
ing), incoming secondary trunk connecting relay
i—{ x 1—1{ and hundreds relay 2H are operated.
A circuit is then completed through contacts of
the recorder trunk finder relay { IRTF, conductor
99 (Fig. 14), incoming-secondary trunk connect-
ing relay {—1{ x I—i and hundreds marking re-
lay 2H to incoming primary trunk connecting
relay 2—1{ x I—1t. Since this operating cireuit
comes through a contact of relay {IRTF and
since this relay cannot again be operated until

this link is calling again, there is no danger of
incoming primary

falsely operating another -
trunk connecting relay in the same vertical row

- when some other X relay operates on a subse-
_quent call.

Furthermore, since only one incom-
ing secondary trunk connecting relay in the
same vertical row or same horizontal row ecan be
operated at any one time and since only one hun-
dreds marking relay can be operated at any one
time, there is no danger of a back-up circuit
falsely operating an incoming primary trunk
connecting relay. The interconnections between
the RTF relays, the incoming secondary trunk

connecting relays and the hundreds marker re-

lays for the va,rmus combinations are indicated
in Fig. 14.

It will now be explained how the finder relays
are operated for connecting with the called line,

- in this example #213. Since incoming secondary

trunk connecting relay I—1 x I—1{ has been op-
erated to connect link #1i to primary incoming
trunk #{ in group #1! and since incoming pri-
mary trunk connecting relay 2—I x i—1 has
been operated to extend the connection to the #|
two-way trunk in group #2, it now becomes nec-

) |
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ated to prevent the Operatlon of originating call
relays.

- "The locking circuit for the operated incoming
secondary trunk connecting relay may be traced

- from (4), make contact of relay SAP of the link,

conductor 51, make contact and winding of the

operated incoming secondary trunk ccnnecting
relay (I—I x I—I, in this example) to (—). The

- locking circuit for the operated primary incom-
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ing trunk connecting relay (in this example,
é—1 x I—I1) may be traced from (1) on conduc-
tor &1, make contact of relay i—I1 x [—{ of the
incoming secondary trunk connecting relay, con-
ductor 58, make contact and winding of the
operated incoming primary trunk connecting re-
lay 2—I1 x I—{ to (—). This circuit to (1) is
further extended through another make contact
of relay 2—i{ x I—1{ by way of conductor 85 for
closing locking circuits for the operated TF and
UF relays of the line finder. . '

The called end of the link is Nnow extenaed 10
the called line by way of the T, R and S conduc-

tors (these conductors being bracketed and ex-
tended from Fig. 12 to Fig. 6 by conductor 54),
through make contacts of incoming SPcondary
trunk connecting relay {—i x {—{, T, R and S
conductors (bracketed and extended from Fig. 6
to Fig. 16 by conductor 52), make contacts of
incoming primary trunk connecting relay 2—I{ x
[—1, conductors 27, 66 and 87, make contacts of
finder relay UF3, make contacts of finder relay

- TF1 to the T, R and S conductors of called line

213, Tt is now necessary to apply () to sleeve
conductor S of the called line, disconnect the

- recorder from the terminating marker, discon-

nect the calling link from the recorder and ring

- the called line.

essary to operate tens finder relay TF{ and units

finder relay UF3 associated with this two-way
trunk for extending the connection to called line
#213. The circuit for operating relay TFI of this
two-way trunk may be traced from (-1-), make
contact of relay I'TLOP, make contact of relay
2H, conductor 31, make contact of relay ISGM,
make contact of relay IT, cc:-nductor 44, and
winding of relay TFI{ to (-).

The circuit for operating relay UF3 of this
trunk may be traced from (), make contact of

relay (TLOP, make contact of relay 2H, conduc-

tor 32, make contact of relay ISGM, make con-
tact of relay 30U, conductor 48 and winding of re-
lay UF3 to (—). |

It will be noted that certain HM relay contacts

(199 and 160) are bridged by contacts (259 and :

260) of a corresponding H relay, certain TM re-
lay contacts (162) are bridged by contacts (262)

- of a corresponding T relay and certain UM relay

contacts (164 and {65) are bridged by contacts
(264 and 26%) of a corresponding U relay. This
means that an SGM relay is again operated on g
terminafting call, the same SCM relay contacts
being used on a terminating call to select the cir-

cuits for operating the proper TF and UF relays

-that were used on originating calls, with the fur-

ther selection being provided by the T and U re-
lays instead of the TM and UM. relays, it being
understood that no TM nor UM relay will be in
operated position when a T or a U relay is oper-
ated during a terminating marking test. This is

because the circuit to (4) for operating these TF

and UF relays on a terminating call comes

through make contacts of relay TLOP, this being

done to prevent interference during an originat-
mg call at which time the relay TLOP 1s- oper-
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(=),

It will be recalled that (+) was applied to the
sleeve conductor of the called line (#2!3 in the
present example) when relay BT of the recorder
was released and with relay BY being in its de-
energized position. When the primary and
secondary incoming frunk connecting relays and
the finder relays all operate, as above described,

5 to connect the calling link to the called line. the

sleeve conductor of the called line will be ex-
tended through confacts of these relays back
to the calling link.

With any station relay in the link operated
(relay A, in the present example), a circuit is
closed for operating checking relay CK which
extends from (4-), make contact of relay A,
winding of relay CK and resistor 32RS to (—).
Relay CK closes a circuit for operating ringing
relay RI extending from (4), make contact of
relay CK, conductor 89, winding of relay RI and
resistor 33RS to (—). Relay RI closes a lock-

ing circuit for itself extending from (), make

contact of relay SAP, conductor 88, make con-
tact and winding of relay RI and resistor 32RS to
Relay RI closes a circuit for operating
cut-in relay CI extending from (<), make con-

~ tact of relay SAP, conductor 88, make contact of

qH

relay RI and winding of relay CI to (—). Relay
CI closes a locking circuit for ifself including
conductor 88, make contact and winding of re-
lay CI to (—). Relay RI closes a circuit for
operating the checking repeater relay CKP ex-
tending from (), make contact of relay RI,
conductor 90, ‘back contact and winding of relay
CKP to (=). Relay CKP closes a locking circuit
for 1tse1f extending from (4-) on conductor 88,
make contact and winding of relay CKP to (—).

- 'With relays RI and CI operated, with the pri-
mary and. secondary trunk connecting relays op-
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erated and with the finder relays operated, all
as above described, ringing current, as selected

by the station relays of the link, is applied to the
called line. In this example, it being assumed
that station relay A is operated, this ringing cir-
cuit may be traced from 33 cycle generator (Fig.
i13), break contact of relay B, make contact of
relay A, conductor 82, winding of trip relay TR,
make contacts of ringing relay RI and cut-in
relay CI, ring conductor R of Fig. 12 and thence
by way of conductor 54 to Fig. 6, conductor R
make contacts of the operated incoming second-
ary trunk connecting relay {—I x {—1I, conductor
R and thence by way of conductor 83 to Fig. 16,
conductor R, make contact of relay 2—I[ x 1—I
of the primary incoming trunk connecting relay,
conductor 67, make contacts of the operated
finder relays in the 200 line group (UF3 and
TFI of Fig. 8), ring conductor R of the called
line through the called substation ringer circuit,
tip conductor T of the called line, through the
above mentioned operated finder relays in the
200 line group, conductor 66, make conftact of
primary incoming trunk connecting relay
2—1 x 1—1 of Fig. 16, conductor T and thence
by way of conductor 53 from Fig. 16 to Fig. 6,
conductor T make contact of relay [—1 x [—I
of the secondary incoming trunk connector, con-
ductor T and thence by way of conductor 54 to
conductor T of Fig. 12, make contacts. of relays
CI and RI to Gen. Grd.

With relay CKP (Fig. 13) operated, the sleeve
conductor S of the called line is extended by way
of make contacts of relays TFI and UF3 (Fig. 8),
conductor 27 from Fig. 8 to Fig. 16, make con-
tact of relay 2—1 x |—I1, sleeve conductor S and
thence by way of conductor 53 from: Fig. 16 to
Fig. 6, conductor S, make contact of relay
{—1 x I—1{, conductor S and thence by way of
conductor 54 to Fig. 12, conductor S, conductor
104 and make contact of relay CKP to the point
between the winding of relay CK and resistor
32RS. The (4-) potential applied through con-
tacts of relays BY and BT and conductor 135 of
the recorder to the sleeve conductor of the called
line (as above described) will be extended back
over the above described circuit including sleeve
conductor S to the point between resistor 32RS
and the winding of relay CK for short-circuiting
and releasing relay CK. The release of relay CK
closes a circuit from- (--), break contact of relay
CK and make contact of relay CKP to econductor
S of the called line for maintaining this line
busy and for maintaining its cut-off relay op-
erated. This circuit from (4) is apnlied before
the circuit from (4-) through the break contacts
of relays BY and BT of the recorder is opened,
when this recorder is released, as will now-be
described.

With relay CK released and with relay CKP
operated and locked, (+4) is removed from the
circuit including front contact of relay CB by
way of conductors 86 and 871 and make contacts
of the link finder relays to the winding of relay
CBP, eiffecting the release of relay CBP. The
release of relay CBP opens up and releases relay
SA and this relay in turn opens up and releases
- the terminating marker relays, the link finder
relays, the counting relays, the recorder relays
and the transfer relays. Relay CHO of the
recorder is momentarily operated when relay
CBP of the recorder releases and closes a circuit
from (<), break contact of relay CBP, make
contact of relay SA and winding of relay CHQ to
(—). This same circuit picks up the next count-
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ing relay in the chain, but the operation of the
counting relay is without function at this time.
When relay SA is released, following the release
of relay CBP, a circuit is completed through break
contact of relay SA, make contact of relay CHO
and conductors (4T and 118 for operating relay
EXRI, in series with the upper winding of relay
[EXP. When relay CHO is released shortly after
the release of relay SA, the above deseribed cir-
cuit, for relays IEXP and EXRL is opened for
releasing these relays. The operation of relay
EXRL opens up and quenches tube {TTM.

When relay {EX of the recorder releases, relay
TL.O of Fig. 4 is released bhecause its circuit to
(1), including back contacts of relays BY, BT
and conductor 12, is. opened. The release of relay
TLO effects the release of its repeater relays
I'TLOP, 2TLOP and 3TL.OP. The release of relay
{TLOP opens up the: terminating test tube cir-
cuits and the release of relay 2TLOP places the
circuits in condition to give an originating call
a chance to be marked. The release of relay
3TLOP gives a terminating call a chance to be
marked. This operation, in combination with
the operation of relays LO and LOP, already de-
seribed, causes the circuits to funetion for per-
mitting originating and terminating calls to be
marked in turn in the event of simultaneous calls
of this type. The release of relay I'TLOP removes
(+4-) from conductor 19 which effects the release
of relay ISGM and the quenching of tube IPTR.

When the called party answers, trip relay TR
is operated for short-circuiting and releasing
ringing relay RI, which in turn disconnects the
called line from the ringing circuit and connects
it-to the talking circuit, including conductors 166
and 67 and answering bridge relay AB. Relay
TR now releases and the conversational circuit
between the calling and called lines is completed
through the two talking condensers of the link.
During the ringing of the called station, reverting
ringing tone is applied to the calling line by way
of the make contact of relay RI and condenser
TN to conductor 72. Relay AB is operated over
the called line for supervisory or metering pur-

- POSES,

The connection is released by the calling party
hanging up and opening the circuit of relay CB
of the link which effects the release of relays SA
and SAP. The release of relay SAP effects the
release of station relay A (or any other combi-
nation of these relays), relays RCO, CI and CKP
of the link. Relay SAP likewise effects the release
of the finder relays connecting the calling and
called line, as well as the primary and secondary
incoming trunk connecting relays and the out-
going primary trunk finder relay. Relay SAP also
effects the release of the cutoff relays of the
calling and called lines., Relay RCO opens up
and releases relay LFRL, thus restoring the cir-
cuits to normal.

1t will be noted that some of the common relays
will require a large number of make contacts, it
being understood that it is within the scope of
the present invention to provide single contacts
oh such relays that are operated in the tube cir-
cuits, with these contacts operating the relays
with the large number of conacts In local cir-
cuits.

It will be obvious that numerous modifications
may be made in the defails of the system herein
disclosed. While I have described my invention
and the method and means utilized for practicing
the same in connection with its specific applica-
tion to a relay type system, it is to be understood
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that various other apphcatmns a,nd embod1ments

thereof may be made by those skilled in the art

without departing from the spirit of the inven-
tion as defined by the appended claims.
What I claim is:

1. In a telephone system, a calling lme a called

line, a plurality of two-way trunk cireuits, a link,
means Icr connecting said calling line to the

originating end of said link by way of a ﬁI'Sh one
of sald two-way trunk circuits, means for con-

necting said called line to the tmmmatmﬂ* end:

oi said link by way of a second. one of said two-
way trunk circuits, means for interposing a se-
lecting device between the originating end of said
link and said two-~way trunks, means for inter-

posing another selecting device between the ter-

minating end of said link and said two-way
trunks, whereby said two-way trunks may be used

for either originating connections to or termi~
- 20

nating connections from said link. o -

2. In an automatic telephone UWJ‘_tchmg sys-—
tem, a group of lines, links common to said lines,
smtcmng equipment, control equipment 111011101-
ing an electronic device common to said lines and
sald links, means responsive to a call originated
on a callmg one of said lines for operating said
electronic device, means responsive to the oper-

ation of said electronic device for. causing said

switching equipment to extend g connection be-
tween a caliing line and an idle one of said links,

line to record digit information indicative of the
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5 In a smtchmg ' system including a plural1ty

'df large groups of lines each group being divided

Into small groups, groups of primary switching
devices assigned reSpectwely to said small groups
of lines, secondary switching devices assigned re~
spectlvely to said primary smtchmg devices, each
of the said primary and secondary switching de-
vices being composed entirely of selectively op-

- erable relays, control equipments common to said
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large groups of lines each including an electronic
device, means effective in response to the origina-
tion of a call on any line in any one of said small
groups for selectmg and causing one of said com-
mon contro] equipments to mark the identity of
the calling line and means responsive to said
marking by said selected common control equip-
ment for causing an idle one of said primary
switching devices assigned to the calling small
group to make connection with the calling line
and for causing an idle one of said secondary
switching devices to make connection with the
last named primary switching deviee, | |
6. In a teiephone system, subscribers’ lines di-
vided into a plurality of line groups, a plurality
of relay type line finder groups for serving the
lines of said line groups, a gaseous conductor de-
vice common to said finder groups, means respon-
sive to the initiation of a call in any line group

- Ior effeciing the operation of said gaseous con-

- 30
- digit recording means operaple over the callmcr :

- designation of the desired called line, and means

tor operating said control equipment and said
electronic device in accordance with the recorded
digit information to cause said switching equip-

ment to extend a connection between S&ld link
a,nd the desired calied line.

3. In a switching system. mcludmg a large gr oup
of lines divided into small groups, groups of pri-
mary switching devices assigned. respectively to

sald small groups of lines, secondary switching

devices assigned lESDECtIVEIY to said primary
switehing devices, each of the said primary and
secondary switching devices heing composed en-
tirely of selec‘twely operable relays, control
equipment common to said groups of lines and
including an electronic device, means ' effec-
tive in response to the origination of a call
on any line in any one of said small groups for
causing said common control eqmpment to mark
the identity of the calling line, and IMeans re-
sponsive to said marking by sald common control
-equipment for causing an idle one of said primary
and secondary switching devices to make connec-
tion with the calling line.

4. In a switching system 1nclud1ng a, plurality
of large groups of lines each group being divided
into small groups, groups of primary switching

devices assigned respectively to said small groups
of lines, secondary smtchmg devices assigned re-

spectively to said primary switching devices, each

of the said primary and secondary sw1tch1ng de~
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ductor device, and means controlled by the opera-.
tion of said gaseous conductor device for marking
the identity of a calling line and for causing one
of said line finders to connect to the calling line.

1. In a telephone system, subscribers’ lines ar-
ranged in a plurality of line groups, relay type
line finders arranged in a “plurality of finder

groups for serving the lines of said line groups,

a gaseous conductor device common. to said finder
groups, means responsive to the initiation of a
call in any line group for effecting the operation
of said -gaseous conductor device at any one of a
plurality of time intervals following the initiation
of said call, and means controlled by the operation.

- of sald gaseous conductor device at a particular

45

a0

| 55

60

vices being composed entirely of selectlvely op-_‘ |

erable relays, control equipments common to said.
large groups of lines each including an electronic
device, means effective in response to the origina--
tion of a call on any line in any one of said small

65

groups for selecting and causing one of said com--

mon control equipments to Jnark the identity of
the calling line, and means responsive to said:

marking by said selected common control equip--

ment for causing an idle one of said primary and
secondary switching devices to make connection:

with the calling line.
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one of said time intervals for causing one of said
line finders to connect to the calling line the par-.
ticular one of said line finders being determined
by the particular time interval at which said
gaseous conductor device is operated.
- 8. The combination in a selecting system of a
plurality of lines having digital designations, g |
plurality of truck circuits for connecting to se-
lected ones of said lines, a first group of relays
assoclated with each trunk circuit corresponding
respectively to the digit characters of g first digital
place of the designations, a second group of relays
associated with each trunk circuit corresponding
respectively to the digit characters of a second
digital place of the designations, an electronic
device, means for operating said electronic de-
vice at any one of a plurality of phases repre-
senting trunk circuit desighations, means respon-
sive to a call from one of said lines for causing
the operation of the particular relay of the group
represenving the first place digit of said line and
for causing the operation of the particular relay
of the group representing the second place digit
of 5aid line, and means res ponsive to the operation
of said electronic device for determining the par-
ticular one of said trunk circuits to be used for
connecting to said calling line. |

- 9. The combination in a selecting system of a

plurallty of lines having digital designations, a.

. plurality of trunk circuits for connecting t{o se-
75 lected ones of said lines, & first group of relays
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assocmted with each trunk circuit corresponding
resnectwely to the dlgﬂ'r characters of a first digi-
tal place of the desighations, a second group of
relays associated with each trunk ecircuit corre-
sponding respectively to the digit characters of
a Second digital place of the designations, an
électronic device; means for operating said elee-
tronic device at any one of a plurality of phases
representing trunk circuit designations, means
responsive to a call to one of said lines for causing

the operation of the particular relay of the group

representing the first place digit of said line and
for eausmg the operation of the particular relay

of the group representing the second place digit

of said line, and means responsive to the opera-
tion of sdid electronic device for deteriinirg the
particular one of said frunk circuits to be used
for connecting to said called line.

10. The combination in 4 selecting system of

g plurglity of lines having digitdl designations, a
plurality of trunk circuits for connecting to se-
lected ones of said lines, a first group of relays
associated with éach trunk circuit correspond-
ing respectively to the digit characters of a first
digitdl place of the designafions, a second group
of relays associated with each trunk circuit corre-
-spondihg respectively to the digit characters of
a Second digital place of the designations, an elec-
tronic device, means for operating said electronic
device at any one of a plurality of phases rep-
resenting trunk . circuit designations, means
responsive to a call to or from one of said
lines for causing the operation of the particular
relay of the group representing the first place
digit of said line and for c¢ausing the operation
of the particular relay of the group répresent-
irig the second place digit of said line,-and means
responsive to the operation of said electronic de-

vice for determining the particular one of said

trunk eireuits to be used for connecting to6 §aid
calling or said called line.

11. In a telephone system, a plurehty of lines,
g plurality of links, a plurality of two-way trunks,
a plurality of outgoing trunks operatively asso-
ciated with said links, means for generating a
multiplicity of signal pulses of different phases,
a first marking means including said generating
- means for marking each two-way trunk repre-
senting its designation, a second marking means
including said generating means for -marking
each outgoing trunk representing its designation,
means for initiating a call on one of said lines,
and means responsive to the initiation of said call
for causing a marked two-way trunk to connect
with said one line and ftor causing a marked out-
going trunk to connect with said marked two-way
trunk.

12. In a telephone system, a plurality of lineés,
a plurality of links, a plurality of two-way trunks,
a plurality of oufgoing trunks operatively asso=
ciated with said links, means for gererating a
multiplicity of signal pulses of different phases,
a first marking means including said generating
means for marking each two-way trunk repre-
senting its designation and its idle condition, a
second marking means including said generat-
ing means for marking each outgoing frunk rep-
resenting its designation and its idle condition,
means for initiating a call on one of said lines,
and means responsive to the initiation of said
call for causing a marked two-way trunk to con-
nect with said one line and for causing a marked
outgoing trunk to connect with said marked two-
way trunk.

13. In a telephone system, a plurallty of lines,
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a plurality of links, a plurality of two-way trunks,
a plurality of outgoing trunks and a plurality of
incoming trunks operatively associated with said
links; means for generating a multiplicity of sig-
nal pulses of different phases, a first marking
means including said generating means for mark-
ing each two-way trunk representing its designa-
tion and its idle condition, a second marking
means ineluding said generating means for mark-
ing each outgoing frunk representing its desig-
nation and its idle condition, means for initiat-
ing a call on one of said lines, means responsive
to the initiation of said call for causing a marked
two-way trunk to connect with said one line and
for causing a marKed outgoing trunk to connect
with said marked two-~way frunk, and means re-
sponsive to a call to another of said lines for caus-
ing a marked two-way frunk to connect with
said another line and for causing a marked in-
coming trunk to eonnect mth said marked two-
way trunk.

14, In combingtion, primary finders, secondary

finders, lines appearing in said primary finders,
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trunks appearing in said secondary finders, groups
of links, g plurality of relays for said primary
finders, a plurality of relays for said secondary
finders, a plurality of relays for said links, elec-
tronic devices common to sald primary and sec-
ondary finders, a first marking means includ-
ing said -electronic devices for operating
a relay of one of said primary finders and
a relay of ohe of said secondary finders for
connecting a calling line to one of said trunks,
and a second marking means also responsive to
said calling condition for connecting said one

- trunk to one of said links.
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15. In combination; & plurality of relay type
finders arranged in groups; groups of lines ap-
pearing respectively in said groups of finders; a
plurality of links arranged in-groups; a plurality

- of space discharge devices: a source of current for

producing potentials of different phases, said
phases characterizing respectively the corre-
sponding finder of each group; means including
said source responsive to calling lines of each
group for applying pulses to said space discharge
devices of theé phases ¢haracterizing the number
of the calling line, the number of the finder
and the number of ‘the ‘link; means responsive
to -said pulses for selectively discharging said
space -discharge dévices; means effective when
one of said space discharge devices discharges
for preventmg the discharge of any one of the
other space discharge devices: ‘and means in-
cluding the- dlscharged device for controlling the
operation of said finders to connect with calling
lines and for connecting the finders with idle
links.

16. In 4 telephone system, a ¢alling line, a
link, ‘g recorder, a first switching means for ex-
tending ‘a -connection ‘from ‘said calling line ‘to
said link, a second switching means for extending
a connection from 'sdid link to said recorder,
means associated with said-calling line for trans-

5 mitting digits representing a called line, means-in

- saidrecorder for recording said digits, a'test'con-

ductor individual to said ‘called line, ‘common
marking means for ¢onnecting said recorder to
said test conductor to determine the-idle or busy
condition of said ‘called line, means responsive

- 1o the idle condition of said called line for:extend-

ing said test conductor:to said link, and means
responsive to the exterision of said test conductor
to said link for disconnecting said link from said

7 5 recorder.
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17. In a telephone system, a line, a link, a
~ relay switching device comprising a plurality of
relays, electronic means for controlling the opera-

tion of said relays in various combinations, means

for initiating calls from said line, means for ex-
tending calls to said line, means responsive to
the initiation of a call from said line and in-
cluding said electronic means for variably op-
erating said relays for connecting said link to
sald line, and means responsive to a call to said
line and including said electronic means for varia-
bly operating said relays for connecting said link
to said line. |

18. In a telephone system, a line, a link, a relay:

switching device comprising a plurality of relays,
electronic means for controlling the operation
of said relays in various combinations, means
for initiating calls from said line, means for ex-
vending calls to said line, means responsive to
the initiation of a call from said line and includ-
ing said electronic means for variably operating
sald relays for connecting said link to’said line,
and telephone dial operated means responsive to
a .call to said line and including said electronic
means for variably operating said relays for-con-
necting said link to -said line.

18. In a telephone system, a line, a non-nu- |

merical switching device for connecting with
sald line, means for initiating a call from said
Jine and for extending a call fo said line, elec-
tronic means for marking said line as a calling
line and for initiating the operation of said
switching device, and means responsive to a call
from or a call to said line for operating said
electronic means whereby said switching ‘device
connects with said line when calling or called.
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20. In combination, primary finders, secondary

finders, lines appearing in said primary finders,
trunks appearing in said secondary finders, groups
of links, a plurality of relays for said primary
finders, a plurality of relays for said secondary
finders, a plurality of relays for said links, com-
mon electronic devices, a first marking means

40

including said electronic devices for operating a

relay of one of said primary finders and a relay
of one of said secondary finders for connecting a
calling line to one of said trunks, a second mark-
ing means also responsive to said calling condi-
~ tion for connecting said one trunk to one of said
links, and means including said first and said sec-
ond marking means for connecting one of said
links to a called line,

21. In combination, primary finders, secondary
finders, lines appearing in said primary finders,
trunks appearing in said secondary finders,
groups “of links, a plurality of relays for said
primary finders, a plurality of relays for said
secondary finders, a plurality of relays for said
links, common electronic devices, a first marking
means including said electronic devices for operat-
ing a relay of one of said primary finders and
a relay of one of said secondary finders for con-
necting a calling line to one of said trunks, a
second marking means also responsive to said

calling condition for connecting said one trunk

to one of said links, means including said first
and said second marking means for connecting
one of said links to a called line, and means op-

erative when a plurality of simultaheous con-

nections are awaiting completion to calling and
- called lines for alternately completing said con-
nections to calling and called lines one at a
time. S | N

22. In combination; a plurality of finders ar-
ranged in groups; groups of lines appearing re-

38
spectively in said groups of finders; a plurality
of links arranged in groups; a plurality of space
discharge devices; a source of current for pro-
ducing potentials of different phases, said phases
characterizing respectively the corresponding
finder of each group; means including said source
responsive {o calling lines of each group for ap-
plying pulses to said space discharge devices of
the phases characterizing the number of the

calling line, the number of the finder and the

numbper of the link; means responsive to said
bulses for selectively discharging said space dis-
charge devices, means effective when one of said
space discharge devices discharges for prevent-
ing the discharge of any one of the other space
discharge devices; and means including the dis-
charged device for controlling the operation of
sald finders to connect with the calling lines and
for connecting the finders with idle links.

23. In a telephone system, a line, a switching
device comprising a combination line finder and
line connector for connecting with said line, an
electronic marker for controlling the operation
of said switching device as a line finder or as a
line connector, means including said electronic

- marker in response to the initiation of a call

from said line for causing said switching device
to find said line as a calling line, and means in-
cluding said electronic marker responsive to
dialled impulses corresponding to said line for
causing said switching device to connect to said
line as a called line. . |

2%4. In a telephone system, a line, a plurality
of switching devices each comprising a combina-
tion line finder and line connector for connecting
with said line, an electronic marker common to
sald switching devices for controlling the opera-
tion of any one of said switching devices as a
line finder or as a line connector, means includ-
ing sald electronic marker- in response to the
initiation- of a call from said line for causing
any one of said switching devices to find said
line as a calling line, and means including said
electronic marker responsive to dialled impulses
corresponding to said line for causing any one
of said switching devices to connect to said line
as a called line. |

25. In a telephone system, a plurality of lines,
a plurality of switching devices common to said
lines, an electronic device common to said switch-
Ing devices, means responsive to a first call
initiated from any one of said lines for operat-
ing said electronic device, means responsive to
a second call directed to any one of said lines .
for operating said electronic device, and means
including the operation of said electronic device
in response to said first call or said second call
for causing any one of said switching devices to

“connect with any one of said lines.
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26. In a telephone system, a plurality of lines,
a plurality of switching devices common to said
lines, a plurality of electronic devices common
to said switching devices, means responsive to a
first call initiated from any one of said lines for
selectively operating any one of said electronie
devices, means responsive to a second call direct-
ed to any one of said lines for selectively operat-
ing any one of said electronic devices, and means
including an operated electronic device in re-
sponse to said first call or said second call for
causing any one of said switching devices to con-
nect with any one of said lines.

_ WINFRED T. POWELL.
(References on following page)
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