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6. .Claims.

) | |

This invention relates to switching systems and
it more particularly periains to automatic tele-
phone systemns.

One object of the present invention relates to
a register-sender type automatic telephone sys-
tem, in which a comparatively few relay type
register-senders are provided for controlling -the
various switching stages in the system. The
switching equipment is preferably of the step-

by-step switch type, knawn to the trade as XY

switches.
Ancther object of the present invention relatea

b

10

to-the use of relay-type allotters for allotting links

in advance of calling conditions on calling lines.
Since there are comparatively few register-send-
ers and comparatively few allotters in a large
automatic teleshone system, such as contem-
plated by the present invention, and -since it 18
- usually required that the register senders and

allotters be extremely fast and reliable in opera—

tion, these units of the present invention -are
madz up of relays only

Still a, further ebject of the vresent invention
is. the provision of differentially controlled test
‘relays in the line finder and selector finder eir-
cuits, whereby these relays are quickly released
to stop: the finder operation -on the marked line

or.trunk.
“Tt-is g still further object-of the present inven-

tion to provide two sets of eounting relays in

each register-sender, -one- set for registering the
impulses from the calling dial, the other set for

15

29
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which like characters designate corresponding
parts and in which Figs. 1 to 12, inclusive, when
arranged in accordance with the diagram of Fig.
13 and with correspondingly identified lines- in .
alienment disclose a sufficient amount of circuits
for an understanding of the various features pro-
vided by the present invention.

For the purpose of simplifying the 111ustratmns.
and facilitating the explanation, the various parts -
and circuits constituting the embodiment of the
invention have been shown diagrammatically and

certain conventional illustrations have been em-

ployed, the drawings having been made more with
the purpose-of making it easy to- understand the
prineciples and mode of operation than with the .

idea of ilustrating the specific construction and

arrangement of parts that would be employed n -
practice. For example, the various relays and
their contacts are illustrated in a conventional

manner, with all of the contacts associated with -
a particular relay being illustrated as eontrolled

by this relay by means of a dashed line associat- -

ing the relay coil and associated contacts. The:
negative side of the-common exchange battery is :
indicated by a minus sign in parenthesis and the -
positive side of the same exchange battery, which
is usually grounded, is indicated by a positive
symbol in parenthesis. ,

Tt is believed that the invention will- be best
understood by explaining the -operation of the:
various circuits when -a call is originated from

. a particular ealling line, for example line #34

registering the impulses tra,nsmltted from the .

register-sender to. the switch train, with a cor-
respondence or matching circuit armnﬂement
interconnecting these two counting relay sets,
-whereby sending from the register-sender is
stopped when the number of impulses frans-
mitted therefrom corresponds to the number of
impulses received therein from the calling dial.

Another obizset of the present invention relatesa

39

40

to a by-pass arrangement, whereby the register- -

sender is discharged after transmitting only cne
digit, instead of waiting for the transmission of
four or five digits reprasentmg the usual number
of digits for selecting the. called station.

45
This

arrangement is usually for ¢learing out a register-
sender when a single digit number, 0 for toll, for

example, is dialled into the register-sender.
Other ohjects, purposes and characteristic fea-

tures of the present invention will be in part ob-

vious from the accompanying drawings and in
‘part pointed out as the description thereof pro-
gresses..

In describing the invention in detail, reference

50

55

will be made fo the accompanying drawings in

shown in the upper left-hand corner of Fig. 1,
this call being directed to-the wanted station by -
dialing a five-digit number, these digits compris-- -
ing a thousands or office digit, a hundreds digit, -
a tens digit, a units digit and a station digit. For
convenience in describing the various ecireuit '
operations, it will be assumed that the calling
party dials #31111.
It will also be described how the circuits func-
tion when the calling subscriber dials a single
digit, #0 for example, in the register for causing

the first selector to advance to the 0 level for

selecting trunks to a toll board or the like.

When the receiver is removed at the calling
station, line #34 for example, a circuit is closed .
for operating line relay LR of the line circuit, -
extending from (), break contact of cut-off
relay CO, line and substatmn circuits in series,

break contact of relay CO and winding of relay
IR to (—).

Relay LR operates and, at its upper
break-make contact immediately applies (+) to
the sleeve terminal S leading to the connector
switch banks for makmg this line busy to Incom-

__mg calls
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Relay LR also closes a circuit for operating

the allotter group relay of the line finder allotter,

which corresponds to the idle allotted link. It
will be assumed that line finder #1 of link #1
is idle and allotted as marked by the associated
allotter relays 1AL and {ALG being in their nor-
mal de-energized positions. The circuit for oper-
ating relay {ALG extends from (4-), make con-
tact of relay LR, common start conductor (com-
mon to all lines in the same 100 line group), break
contact of allotter guard relay GD, break contact
of allotter relay 1AL and winding of allotter
group relay {ALG to (—). The operation of relay
IALG (or any other ALG relay associated with
any other link of the same group) closes a circuit
from (4-), make contact of the operated ALG
relay and winding of relay GD to (-—) for oper-
ating the GD relay. A locking circuit is now
established for relay tALG which extends from
(4) on the common start conductor, make con-
tact of relay GD, break contact of relay [AL,
make contact and winding of relay {ALG to (—).

Since the allotter group relay (1ALG in this
example) is operated the X start relay XST of
the line finder is operated for causing the line
finder switch to operate in its primary or X di-
rection. This circuit for relay XST extends
from (4), make confact of relay 1ALQG, break
contact of the X off-normal contacts of the find-
er switch in its normal position and upper wind-
ing of relay XST to (—). The operatvion of
relay XST immediately closes a bridge path
around the normally closed X off-normal con-
tacts for maintaining this ecircuit to the X8T
relay aiter the line finder is operated from its
normal position.

The operation of relay XST closes a self-in-

tewuptmg circuit for X magnet XM which ex-

tends from (<), make contact of relay XST,
break contact and winding of magnet XM to
(—). This circuit causes the X magnet 10 be
intermittently operated for driving the finder
switeh brushes in their primary or X direction.
This self-infterrupting circuit for the X magnet
is effective In the present example to drive the
line finder switch to the third level, since this

/|
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is'the level in which the calling line is located.

When the X brush XB (which is operated only
during the X movement of the finder switch)
reaches the marked level, level #3 in the present
example, a circuit is closed from (), masake
contact of relay LR, marking conductor which
is common to aill lines in the third level, level
#3 terminal and brush XB, make contact and
Jower winding of relay XS'T to (—). This ener-

gizes the lower winding of relay XST" in a direc--

tion opposite to the upper winding ensrgization
and thus quickly releases this relay. When
relay XST is released, both its upper and lower
windings are now open so that it cannot be again
operated until the associated finder switch is re-
stored to normal and used again. The release of
relay XST opens up the energizing circuit of
magnet XM, thus stopping the switch at the
marked level and preventing its further stEppmg
in the X direction.
- With the line finder being o
relay XST being released, a circuit is closed for
- operating the Y start relay YST which extends
from (4-), make contact of relay {ALG, X off-
normal contact XON in its off-normal position,
break contact of relay XST, Y off-normal con-
tact YON in its normal position and lower wind-
ing of relay YST to (—). Relay YST immedi-
ately closes a bridge path across the YON con-

50

G
&

60

-normal and with

75

4
tacts for locking this relay in its energized posi-
tion during the Y stepping operation.

The Y magnet YM is now operated over a
self-interrupting circuit extending from (<),
make contact of relay YST, break contact and

winding of magnet YM to (—) for advancing the
line finder In its ¥ or secondary movement until

it finds the marked calling line.

When the calling line is found, a circuit is
closed from (<), make contact of relay LR, ter-
minal and Y brush YB, make contact and upper.
winding of relay YST to (—) for differentially
energizing relay YST and quickly releasing ifs
armatures. The release of relay YST opens up
the Y magnet circuit and both windings of the
relay so that this relay cannot be again ener-
gized until this finder is restored to normal and
used again.

Referring back to the operation of rslay {ALG
of the line finder allotter, a circuit is closed for
operating the aillotter group relay of the regis-
ter-sender allotier, the particular alloiter group
relay of this allotter being operated as deter-
mined by the register-sender which is idle and
allotted. It will be assumed that the #1 regis-
ter-sender is idle and allotted, consequently the
allotter relays {AL and 1ALG corresponding to .
the #1 register-sender will be in their normal or
de-energized conditions. The operation of relay:
IALG of the line finder allotier closes a circuit -
for operating relay {ALG of the register-sender
aliotter extending from (--), make contact of -
relay 1ALG of the line finder allotter, register-
sender allotter conductor RSA, break contact of
guard relay GD oif the register-sender ailotter,
break countact of relay AL and winding of relay
IALG to (—). Relay
sender allotter closes an obvious circuit for oper~
ating relay GD, which in turn ftransfers the
winding of relay IALG from its above described
operating circuilt to a locging circuait, extending
from conductor RSA, make contact of relay GD,
break contact of relay 1AL, make contact &ﬂd

winding of relay 1ALG to (—).

Relay {ALG of the register-sender allotter
closes a circuit for operating the X stari relay
XST of the selector finder, this circuit extend-
ing from (4-), make contact of relay 1ALG, .
break contact of X off-normal springs XON of
the selector finder and lower winding of relay
XST to (—). The operation of relay XST .
closes a bridge circuit across the XOIN contacts
for maintaining relay XST energized aiter the .
selector finder begins stepping in its X direction.
Relay XST closes a circult for operating the X
magnet of the selector iinder extending from -
(4), make contact of relay XST, conducior 91,
break contact and winding of magnet XM to
(—). Magnet XM operates in a self-inter-
rupted meaenner for stepping the selecior finder
in its primary or X direction until it reaches the -
level associated with the line finder-selector link
in use on this call, as marked by a connection

fto (4+) on conductor SXB by way of a make
contact of relay {ALG of the line finder allotter.

Since relay {ALG of the line finder allotter has
marked the #1 line finder, it bzing assumed that
this line finder is in the first level of the selector
finder, then this circuit to (4) on conductor
SXEB being connected to the first level contact of
brush XB of the selector finder,
lector finder reaches the first level this circuit to

(+) is extended through brush XB, make con- .

tact and upper wmdmg of relay XST fto (——_)

IALG of tire register-

when the se-
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for differentially energizing this-relay and caus-

ing it to release.

The release of relay XST opens up the cireuit:

to the selector finder X magnet XM thus stop-
ping the operation of this switeh in its X direc-
tion. A circuit is now closed for operating the

selector finder in its Y direction which. extends
of the
register-sender allotter, X off-normal make con-

from (), make contact of relay [ALG

tact XON, break contact of relay XST, conduc-
tor-§2, Y off-normal eontact YON in its normally

closed position and lower winding of relay ¥YST
Relay YST operates and closes a bridge:

to (—)-.
circuit -areund this YON contact for maintain-

ing this relay energized after the- SWltuh hegins.

to step in its Y direction.
Relay YST closes an obvious ecireuit through

the self~interrupting contact of Y magnet YM
finder

for -automatically advancing the selector
in its Y direction.

¥t will be assumead that the line finder selector-
finder link corresponds to the first terminal in

the first level of the seleector finder. Conse-
quently, when the selector finder takes one X
step (as -previously described) and one Y step

the upper winding of relay YST will be differen-

tially energized for releasing this relay over &
circuit extending from (), make contact of
relay |ALG of the line
tor SYB, the first terminal and Y brush ¥B of
the selector finder, make contact and upper
winding of relay YST to (—).

" Since the line finder has found the calling line
and since the selector finder has found the line
it is now in order to
operate finder cut-in relay FCI of the line finder

finder-first selector link,

and register cut-in relay RCI of the -selector
- finder.
will be traced a little later.
relay FCI extends the sleeve circuit of the first
selector back through the line finder to the cut-
off relay of the calling line and also opens up
the release magnet RM circuit of the line finder
for preventing the operation of this magnet until
the connection is released. Relay FCI also op-
erates the allotter relay of the line finder allot-
ter for allotting the next line finder-first selector
lihk for the next call. The operation of relay

RCTI links the allottaer sender to the allotted line

finder-first selector link.
"Referring back to the operation of relay IALG

of the register-sender allotter, a preliminary or

booster “circuit is closed for operating caliing
- bridge relay CB of the register-sender in advance
of the extension of the calling line to the wind-
ings of this CB relay. This circuit may be traced
from (4), resistor Ri0, make contact of relay
IALG, sender ring conductor SR extending {from
Fig. 2, through Figs. 3 and 7 to Fig. 8, and upper
winding of relay CB to (—). Relay CB closes
an obvious circuit for opesrating slow acting re-
lay SA and this relay closes a cireuit for oper-
‘ating relay CX of the incoming counting relays,
this circuit extending from (4), make contact
of relay SA, break contact of relay CRLP, con-
ductor stick {1, break contacts of counting re-

lays CO to C{, inclusive and winding of relay CX

This prepares the incoming counting
rst digit _tra'nsmitted by

to (=),
relays for receiving the fi
the calling dial.

“The circuit for operating relay FCI of the line

finder and relay RCI of the selector finder may
now be traced from (4), make contact of relay

SA of the register-sender, conductor SS extend-

finder allotter, conduc-

The circuits for operating -these;relarysl
The operation of

10

15

20
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49

60

69
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ing-from Fig. 8 through Figs. 7 to Fig. 3, ¥ off~ 78

6:

normal contact YON of the selector finder, break.
contact of relay YST, upper winding of relay.
RCI, selector finder brush SFS and its. associat-.
ed contact, break contact. of switching relay oW
of the first selector, line finder sleeve conductor
LFS, Y off~-normal contact YON of the line finder,
break contact. of relay YST and winding of re-
lay FCI to (—~). Relay RCI connects its Iower
winding to the. sleeve conductor SS leading down
to the register-sender, thus completing a lock-:;.
ing circuit for this relay. |

"Relay tAL of the line finder allotter is now op~-
erated over a circuit extending from (4), up-
per winding of relay {AL, make contact of re-
lay FCI and resistor Ri2 to (—). Relay AL
closes a locking circuit for itself by way of its
lower winding to (<)  at the normally closed.

break contact of relay (0AL and also to ()

at the make contact of relay GD.
The operation of relay {AL opens up and -re—f
leases relay {ALG, which in turn opens up and
releases relay GD, after which the next line
finder may be allotfed since the circuit through-
the make contact of relay fAL to the next ALG
relay is completed at a break contact of relay GI. -
Relay (AL of the register-sender allotter is
likewise operated -over a circuit extending from
(+), lower winding of this (AL relay, conduc-
tor 83, make contact of relay RCI and resistor |
Rfil to (—). The operation of relay |AL short~
circuits the upper winding of relay RCI for eX=-:
cluding this winding from the sleeve circuit lead--
ing back to-the calling line, it keing understood:
that relay RCI now remains energized by way of -
its locking circuit including its lower winding.
The operation of relay [AL of the register-
sender allotter opens up and releasss relay 1ALG,
which in turn opens up and releases relay GD,
thus completing the allotting circuit so that the
next register sender can be allotted for the next
call. The release of relay {ALG of the register--
sender allotter opens up the above described pre-
liminary pulse circuit for relay CB of the sender,
but this does not take place until after the call-

3 ing I'ne has been extended to the windings ol

this CB relay by way of the line finder and se-
lector finder brushes as will be later described.
‘Both the line finder-allotter and register sender
allotter are arranged for providing the rotating
allotting feature, that is the allotting will take
place from link to link until all links of fhe
eroup have been gllotted even though previously-
used links are dropped out before the allotting
steps are completed all the way through. This
is an advantage because it causes the links to
be used in rotation, thus providing equal wear
and tear. This is because the freeing or clear-
ing out of a link does not release the associated
AL relay for again allotting this link until all
links have been used up to and including the
last ‘of the group, thus opening up at a break
contact of the jast Al relay the locking circuits
for -all previcus AL relays, including their lock-
ing windings. It will be noted that the line finder
allotter illustrates that there are 10 AL relays.
This is because it is assumed that there are ten
line finder-first selector links in each 100-line
eroup. The register-sender allotter indicates
that there are 25 AL and ALG relays in . the
group. Thig is because it is assumed that 23
common register-senders are provided for serv-
ing -all lines in a system of 1000-line capacity.

It has already been explained how relays CB,

SA and CX of the sender are operated in re--
sponse to the preliminary impulse applied to the




2,541,936

7

B relay when the register-serider allotter re-

lay {ALG is operated. The calling line circuit

is connected to the CB relay of the register-

sender before relay {ALG is reieased to open
up this preliminary impulse circuit. The cir-

cuit for energizing reiay CB over the calling line

may be traced from (+4), lower winding of re-
lay CB, tip conductor ST, make conftact of re-
lay RCI, sender finder tip brush SFT and its as-
sociated contact, break ccntaet of relay SW of
the first selector, conductor LEF'T, line f{inder

brush LFT and its associated convact, calling

line and substation circuits in series, contact and
associated line finder brush LFR, conductor LFR,
break contact of relay SW, contact and associ-
ated selector finder brush SFR, make contact of

relay RCI, ring conductor SR and upper wind-

ing of relay CB to (—).
With relay ¥FCI of the line finder and relay
RCI of the selector finder operated a circuit is

closed for operating cut-off relay CO of the call-
ing line, which may be traced from (), make

contact of relay SA of the register-sender, sleeve
conductor SS, Y off-normal contact YON cf the

selector finder, break contact of relay YST, con-

ductor 84, make contact of relay 1AL of the
register-sender allotter, conductor 9%, brush SFS
and its associated contact of the selector finder,
break contact of relay SW of the first selector,
conductor LS, Y off-normal contact YON of
the line finder, break contact of relay YST, make
contact of relay I'CI, line finder brush LFS and
its associated contact and winding of relay CO
to (—). The operation of relay CO opens up
and releases relay LR and this latter relay
switches the connector sleeve conductor S from
direct (4-) to (4) coming back over brush LFS
of the line finder by way of the circuit Just de-
scribed.

Referring back to the operation of relays CB
SA and CX of the register-sender, changeover

10

*{)

3

g

of relay CB, make contact of relay SA, pick-up
conductor, make contact of relay CX and winding
of relay Cl to (—). The operation of relay ClI
opens up the above described operating circuit
for relay CX including conductor stick f, but
relay CX is not released at this time because of .
a locking circuit extending irom (4), make.
contact of relay SA, break contact of relay CB,
conductor stick 2, make contact and winding of
relay CX to (—). |

When relay CB is energized at the end of the
first impuise, this stick 2 conductor is de-ener-
cgized for releasing relay CX. When relay CB
relegses at the beginning of the second impulse,

‘a circuit is closed for operating relay C2 which

extends by way of the pick-up conductor, break
contact of reilay CX, make contact of relay Cl
and winding of relay CZ2 to (—). When relay
Ci was operated, as previously described, it was-
locked in its operated condition to (4+) on con-
ductor stick 1, this conductor being extended
back to the make contact of relay SA by way of
the upper make contact of relay CRL in mul-.
tiple with the upper break contact of relay CRLP.
when relay C2 operates, this stick 1 conductor.

is switched from relay Cl to relay C2, but relay

C| does not release at this time because relay
CB is de-energized for extenaing (+4) to con-
ductor stick 2 and thence through break coniact
of relay CX and mal-..e contact of reiay Cl to
its winding. |

Relay C2Z extends the circuit from (4-) on the

. stick § conductor to its own winaing for lock-

ing relay C:.

relay CHO is operated in advance of the dialing =

operation, in order to give it a preliminary soak
before intermittently energizing its winding.

The circuit for operating relay CHO extends from .

(), make contact of relay SA, break contact
of relay CRLE, make contact of relay CX and
winding of relay CHO to (—). A circuit is now
closed for operating the counving release relay
CRL which extends from (4), make contact of
relay SA, winding of relay CRL, make contact
of relay CHO and resistor Rig to (—). Relay
CRL operates and closes a circuit for operating
its repeater 1f-1ay CRLP by extending its own
operating circuit
relay CRLP.
gl tone is now connected to the calling line
to indicate that dialing may proceed. This cir-

from (4) to the winding of .

a{)

s 1
siy

cuit may be fraced from the common dial tone

- conductor, condenser Cl0, make contact of relay
CRLP, make contact of relay CX, conductor
[DT, break contact of relay {TF, conductor ZDT
to the right-hand terminal of the lower winding
of relay CB which is connected to the calling
station over the above described circuit.

Since it was assumed that the first digit is
#3, three impulses are transmivted over the line
for intermittently releasing relay CB. During
the time that relay CB is released and relay SA
is de-energized, this latter relay maintains its
armatures attracted until the next operation of
the CB relay by reason of ifs slow acting char-
acteristics. The first release of relay CB closes
a. circuit for operating the #1 counting relay
which may be traced from (4-), break contact

Y

)
b

“When relay CB is energized at
the end of the second impulse, the stick 2 con--
ductor is de-energized which is eff ective to release
relay Ci.

The release of relay CB a,t the beginning of
the third impuise extends the (4-) on the pick-up

. conductor by way of break contacts of relays CX

and Cl and a make convact of relay C2 to the
winding of relay C3 for operating this latter
relay. Relay C3 transfers the stick 1 conductor
from relay C2 to relay C3 for locking this latter.
relay operated. Relay C2 does not release at this
time because relay CB is released for applying
(+) to conductor stick 2 which is extended
through break contacts of relays CX and Cl and
a make contact of relay C2 to the winding of this.
latier relay. ._

When relay CB is energized at the end of the
third impulse, (4+) is removed from conductor
stick 2 for releasing relay Cz. This leaves relay
C3 operated as a result of the transmission of

three impuises o the incoming counting relay

circuit,

The intermiittent release of relay CB during the.
transmission of impulses extends a circull from’
(4+), make contact of relay SA, break contact’
of relay CB, make contact and winding of relay
CHO to (—) for maintaining this relay energized
over its locking circuit. At the end of the series
of impuises, relay CB remains energized suffi-
cienfly long to measure off a period of time which
is longer than the slow acting release time of

relay CHO, therefore, this latter relay is released
to mark the end of the .t.ransmission of the first

digit.

When relay CHO is released to mark the end of
the first digit, the relay or relays of the first digit
register may-be operated to record and store the
number of impulses dialed for this digit. In the
present example, #3 was dialed for the first digit,

consequently relay IC of the first or thousands

75-register is operated over a circuif extending from



(1), make contact of relay SA, winding of count-
ing release relay CRIL, break contact of relay
CHO, make contact of relay CRL, make contact
of relay C3 (left operated in response to #3 be-
ing dialed), conductor C, break contacts in series
of transfer relays 5TF to I TF, inclusive and wind-
ing of relay IC to (—). Since this circuit ex-
tends threcugh the winding and make contact of

relay CRL, this relay remains energized after

the release of relay CHO by way of this locking
cireuit. Relay IC (or any other relay of the first
register which may be operated in response to
the first digit) is locked over a circuit extending
from.(--), make contact of relay SA, make con-
tact of relay CRLP, conductor TF, break contact
of relay I'TF, break contacts in multivle of relays
2X and 2TF, make contact and winding of relay
i1C to (). | .

" This cireuit for locking relay 1C may be traced
back to the left-hand terminal of relay CRL from
the winding of relay 1C, break contacts in series
of relays I'TF to 5TF, inclusive, conductor C, make
contact of relay C3, make confact of relay CRL
and break contact of relay CHO to the winding
‘of relay CRL. | |

- Since the other terminal of relay CRL is con-
nected to (4) at another make contact of relay
SA, relay CRI is short-circuited and released for
in turn opening up and releasing relay CRLP.
.~ During the interval between the release of relay
CRI and the release of relay CRLP, the count-
ing relay left operated (in this example relay C3)
is released because the stick { conductor is opened
‘at a make contact of relay CRL and a break con-
tact of relay CRLP. When relay CRLP releases,
conductor stick { is again connected to ({4-) for
agaln energizing relay ‘CX to prepare the incom-
ing counting relay circuit for the next digit. The
release of relay CRLP also closes a circuit for
operating the first transfer relay ITF extending
from (4-), make contact of relay SA, conductor
IMG, winding of relay ITF, break confacts In
~multiple of relays 2X and 2TF, make contact and
winding of relay {C to (—). 'The operation of

relay 1TF transfers the four conductors A, B, C

and D from the relays of the first register to the
relays of the second or hundreds register, com-
prising relays 24, 2B, 2C and 2D. I
© With relay CX operated, relays CHO, CRL and
CRLP are again operated in sequence over the
‘previously described circuits. |

Tt will be convenient to explain the complete
operation of registering the digits dialed into the
register-sender and thereafter referring back for
an explanation of how the register-sender func-
tions to re-transmit these digits cut through the
‘automatic switches. Relay CB is released once
‘in response to dialing #1 for the second digit,
it being understood that this CB relay does not
remain in its released position during the trans-
mission of all digits Tong enough to permit relay
SA to release. Conseguently, relay SA remains
operated until released after the re-transmission
has been effected, as will be later described.
" The release of relay CB again closes the above
described circuit for operating counting relay Cl
and for locking relay CHO in its operated posi-
tion. The operation of relay CB at the end of
the single impulse transmission is effective to re-

lease relay CX and, since this is the end of the

second -digit, relay CHO will be released.

- Relay 2A of the hundreds register is now oper-

ated to register the second digit, which in this
case is #1. the eircuit being traced from (4-),
make contact of relay SA, winding of relay CRIL,
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break contact of relay CHO, make contact of re-
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operated in response to the second digit (in this
example relay Cl), conductor A, break contacts
in series of relays 5TF to 2 TF inclusive, make con-
tact of relay ITF and winding of relay 2A to
(—). The above described locking ecircuit for re-

1ay CRL is thus again completed. Relay 2A
closes @ locking circuit for itself which extends

from (<), make contact of relay SA, make con-
tact of relay CRLP, conductor TF, make contact

" of relay ITF, break contact of relay 2TF, break

contacts in multiple of relays 3X and 3TF, make
contact and winding of relay 2A to (—)..

' The operation of the relay of the hundreds reg-
ister extends its locking circuit back over con-
ductor A to the left-hand terminal of relay CRL
for releasing this relay and in turn releasing re-
lay ‘CRLP, in the previously described manner,
During the interval between the release of relay
CRL and the release of relay CRLP the counting
relay left operated (in this example relay C{) 1s -
relea~ed because () is removed from conductor
stick 1. When relay CRLP is released, relay CX
is again operated for preparing the incoming
counting relay circuit for the third digit. The
release of relay CRLP closes a circuit for operat-
ing relay 2TF which may be traced from (-+),
make contact of relay SA, conductor IMG, wing-
ing of relay 2TF, break contacts in multiple of
relays 83X and 3TF, make contact and winding of
relay 2A to (—). The operation of relay 2TF
transfers the four conductors A, B, C and D from
the hundreds register to the tens register. |

The operation of relay CX aga’n completes the
circuit for effecting the operation of relay CHO

after which relays CRL and CRLP are again op-
erated all in the previouzly described manner. -

When relay CB is released for transmitting the
third or tens digit, relay C1 is again operated and
relay CHO is again locked operated. When relay

CB is operated at the end of this impulse, relay

CX is released and, since this is the end of the
impulse transmission for the third digit, relay

CHQO i3 released.

The release of relay CHO again closes the
ahove circuit for locking relay CRIL: and for op-

“erating the tens register relay (in this example

relay 3A) because relay Cl is operated for select-
ing conductor A which extends through break
contacts of relays 5TF, 4TF and 3TF, conductor
96, and a make contact of relay 2TF and conduc-

+tor 97 to relay 3A. Relay 3A operates. and closes

a locking circuit for itself which includes break
contacts in multiple of relays 4TF and 4 and
conductor THF in a manner previously explained.
The closure of the locking circuit for relay 3A
ia effective to short-circuit and  release relay
CRL. after which relay CRLP is released, in a
manner which will be understood. from the pre-
vious explanation. During the interval between
the. release of relay CRL and release of relay
CRLP, the counting relay left operated (in this
example relay C1) isreleased. When relay CRLP
is released, relay CX is again operated to pre-
pare the incoming counting relay circuit for the
units or-fourth digit. Relay 3TF Is now operated
over & circuit which may be traced from (<),
make contact of relay SA, conductor 1MG, wind-

ing of relay 3TF, break contacts in multiple of
relays 8TF and 4X, make contact and winding

of relay 3A to (). The operation of relay CX

is again effective to operate relay CHO which in

turn effects the operations of relays CRL and

75 CRLP in sequence.
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When relay CB is released in response to the
1rnmllse of the fourth digit, relay C{ is again
Operatec’ and relay CHO is again locked opn-
erated. The oneratlon of relay CB at the end
of this impulse is effective to release relay CX
and, since this is the end of the impulse trans-
mission for this digit, relay CHO is released.

- Relay A of the units register is now operated
and relay CRL is locked operated over a circuit
from (<4), make contact of relay SA, winding

of relay CRIL, break contact of relay CHO, make

contact of relay CRL, make contact of relay Cf,

conductor A, break contact of relay 5TF, break
contact of relay 4TF, make contact of relay 3TH
and winding of relay #8A fo (—). Relay 8A is
locked operated by way of its make contact,
break contacts in multiple of relays 5TF and 58X,
break contact of relav 4TF, make contacts in
series of relays 3TH, 2TF and {TF, conductor TF,
make contact of relay CRLP and make contact
of relay SA to (+). This locking circuit for the
relay of the units register is extended back over
jthe previously de<crihed operating circuit for this
relay, including conductor A for short-circuiting
and releasing relay CRI.. The release of relay
CRIL effects the release of relay Cl after which
relay CRLP is released. Relay CX is now again
operated to prepare the incoming counting relay
circuit for the fifth or station digit. Relay CX
again closes the above described circuit. for on-
erating relay CHO after which relavs CRL and
CRLP are again overated. as previously exnlained,
Relay 4TF is now operated for transferring the
four conductors A, B, C and D from the units
Tegister to the station register. This circuit for
overating relay 4TEF may be traced from (4,
make contact of relav SA, conductor MG, wind-
ing of relay 4TF. break contacts in multivle of
relays 5TF and 5X, ma,ke contact and winding of
relav 4A to (=),

" When the fifth digit is dialed. relav CB is again
re1ease"'f for orerating relav C{ and for locking
relav CHO. When relay CB operates at the end
of this imnulce, which is the end of the digit,
relay CX is released and the locking circuit for
relay CHO is ovened for effecting the release of
this latter relay. Relav CRL is locked onerated
and relav BA is orerated over a circuit which
may be traced from (+), make contact of relay
SA. winding of relay CRL break contact of relay
CHO, make contact of relay CRL, make contact
of relay Cl, conductor A. break contact of relay
5TF. make contact of relay 4TF and winding of
::t'e]av BA to (—). Relav BA closes a locking ecir-

cuit for itself which may be traced from (),
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make contact of relav SA, make contact of relay

CRLP,'_ conductor TF, make contacts of relays
TR to 4TF inclusive, break contact of relav
5TP, conductor {6, break contact of relay &X.

'conductor 15, make contact and winding of relay

‘BA to (—). This locking ecircuit for the relay
of the station register is extended back over Con-
ductor A and the make contacts of relays ¢
and CRL for short-circuiting and releasing this
latter relay. The release of relav CRL effects
the release of relavs C{ and CRLP in sequence.
A circuit is now closed for operating relay 57T
extending from (), make contact of relay SA,
‘congquctor IMG. winding of relay 5TF, make con-
tact and winding of relav BA to (—).
CX, CHO, CRL and CRLP are again operaterd
over their previously described circuits, but since
this is the last digit the operation of these relays
at this time is of no con<equence.

It will be recalled that dial tone was applled

Relays
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65

75

the relay wi

hand - positions from a previous eall,
case 1t 1s necessary to swing them over to the
left before impulse transmission is started. This

to the calling line when the register-sender wag
first seized, over make contacts of relays CRLP

and CX and by way of a break contact of relay

i T, Since relay CX is released at the beginning
of the transmission of the first series of impulses,
dial tone is disconnected from the calling line

at this point. However, relays CX and CRLP
operate between each pair of digits and it be-
comes necessary to oren up the dial tone. circuit
al another point to prevent re-application of the
dial tone fo the calling line between digits.
This is done at the upper-most break contact
of relay {TF, this relay being operated at the
end of the first digit to permanently open the

dial tone connection during this call before relays

CX and CRLP are operated to connect the dzal
tone circuit to the ecalling line. -

This completes the opreration effected in re-
sponse o the dialing of the five digits. It will
now pe explained how the circuits funection to
re-transmit the proper impulses outward from
the register-sender to the automatic switches.

Relay PO of the register-sender is a polarized
type relay, with its contacts remaining in the
last position to which they are actuated by the

energization of a-winding of the relay. In oth-

er words, they are not restored from their-last
actuated positions until the next energization: of
ading in an opposite direction. It
will now be explained how this relay is inter-
mittently operated for swinging its contacts to
the right and left-hand positions at a rate which

1s proper for impulse transmission, for example

{3 operations per second. It may be that this
polar relay leaves its contacts in their right-
in which

iIs done hy energizing its lower winding in the
direction of the arrow over a circuit extending

from (4). makes contact of relay RCI of the

selector - finder, conductor GRD, resistor R3,
lower winding of relay PO and resistor RI to
(—). Sincerelay RCI is operated well in advance
of the conditioning of the circuits for impulse
transmission by relay PO, this preliminary ener-
gization of the lower winding this relay is ef-
feciive to swing its contacts to the left in plenty

of time to get the 011'{31111; prepared for 1mpulse
transmission.

Ofi-normal relay ON of the register-sender- is
overated after the first digit is transmitted from
the dial and the first transfer relay {'TF is oper-
ated. The circuit for operating relay ON extends
from (+4), make contact of re'ay SA of the
register-sender, conductor 2MG, make contact of
relay |'TF, conductor 98, and winding of relay ON
to (—). Relay ON closes a locking cireuit for

itself to (4) on conductor 2MG, which is inde-
Ppendent of the make contaet of relay (TP, -

Relay ON applies () to -conductor GRD to
maintain this conductor grounded independent
of the make contact of relay RCI. Relay ON ex~
tends a connection from (4) by way of a contact
of relay PO in its left-hand position and resistor
Rl to (—). This applies (4) potential to the
left-hand terminals of both windings of relay
PO, current in this circuit divides, part of it flow-
ing through resistor Rt to (—) avd part flowing
through the lower winding of relay PO and re-
sistor R2 te (—) .. Sufficient current flows through
the lower winding of relay PO in the direction
oppesite to the arrow for swinging its contacts to
the rizht. It will be noted that, before the con-
tacts -leave their left-hand posnmns, the .same




2,541,086

| 13

potential is. connected to both terminals of the
upper winding, that to the left-hand terminal
~ being through a contact of relay PO in its left-
hand position and that to the right-hand fermi-
nalof the upper winding being ftraced through a
make contact of re’ay ON and condenser CN fo

conductor GRD, which is connected to ().

'~ ‘When relay PO swings.its armatures to the right,
the circuit to (4) connected to resistor Rl 1s
-opened and a circuit is'now completed from (4)
on conductor GRD, condenser CN, make contact

of relay ON, upper winding of relay PO and re-

‘sistor Ri. to (—). 'This causes condenser CN to

be charcsed, with the charging current flowing

through the upper winding of relgy PO and divid-

ing and returning through the lower wmdmﬂ' of

relay PO to (=) through resistor R2." This cur-

rent is in such g direction (oprposite to the arrows

in: both windings) as to hold the contacts of relay
PO in their right-hand positions. When the
charginz current through the upper winding of
relay PO drops below a certain value (as the
condenser becomes charged) the current flowing

-in this winding is reduced to zero, while at this

time current from (<) on conductor GRD flows
through resistor R3, the lower winding of relay
PO and resistor R1 in the directicn of the arrow
associated with the lower winding of this relay
for swinging its confacts to the left.

When relay PO has moved its contacts to the

left, (4) potential is again connected to the junc-
‘tion voint between the left-hand fterminals of
hoth windings of relay PO and resistor R{. Con-
denser CI¥ will then discharge through the upper
winding of relay PO, causing current to flow
throush this winding in the proper direction for
“holding the contacts in their left-hand positions.
Current is furthermore reversed through the
lower winding of relay PO (with its contact in
ity 1left-hiand position) flowing through resistor
R2:to (—=). This tends to swing the contacts of
re’ay PO to the right, but cannot effect this op-
eration until the condenser discharge current
through the upper winding drops below a certain
value. At the time that this condenser current
drops below this certain value, relay PO swings
its contacts to the right. This intermittent op-
-eration of relay PO for swinging its contacts back
and forth continues until the circuit is cleared
out as will be later explained.

~ "Before proceeding with the explanation of the
.operation of the ICB, ISA and counting relays
of the: outgeoing counting re'ay group in response
to. the operation of relay PO as just descriked,
reference will be made to the closure of the con-
ductors of the trunk circuit leading to the first
xelector for operating relays. CB and SA. of this
selector-in preparation for the regeipt of impulses
transmitted from the register-sender.

erating relay CB of the first se'ector which may
be traced from (+4)., upper winding of relay CB,
break contact of relay CT, terminal and brush
18T of the selector finder, make contact of relay
RCI, conductor OPT, break contact of relay 1Y
of the rerister-sender, resistor R5, conductor
“DPR, make contact of relay RCI, brush ISR and
jts associated contact, break contact of relay CT
and lower winding of relay CB to (—~). Relay
TB operates and closes a circuit for overating re-
lay SA of the first selector, this cirecuit extending

o)
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relay {'Y and winding of reiay iX to (—).
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eration of relay ON swings the contacts of relay

PO to the right, as previously described, and .at

the same time a circuit is.closed from (), make
contact of relay ON, contact of relay PO in its

left-hand position, break contact of relay 1CHO,

break contact of relay Y and winding of relay
{X to (—). Singce the circuits to relay (X and
to the winding of relay PO for swinging this
latter relay to the right are closed at the same
time, relay (X will not operate because of its
“slow operate” characteristics, since the above
described . circuit to its winding is 1mmed1ately
opened.

The circuit is now closed for opemtmg relay
{CB which extends from (4), break contact of
relay ICHQO, make contact of relay ON, break
contact of relay {Y and winding of relay I1CB to
(—). Relay ICB closes an obvious circuit for
operating relay {SA and re’ay ISA closes a circuit
for operating relay ICX of the outgoing counting
relay group extending from (4> on master
sround conductor 2MG, break contact of relay
CHOP, make contact of relay {SA, stick 1 con-
ductor, break. contacts in series of relays {Cl{ to
{C| inclusive, and winding of relay 1CX to (—).

When relay PO next swings its contacts to the
left a circuit is closed for operating relay X
which extends from (-}), make contact of relay
ON, contact of relay PO in its left-hand position,
break. contact of relay {CHO, break contact of
Relay
iX has time to operate this t'me and when relay
PO is next swung to the right a circuit is closed
for operating relay 'Y and locking relay X
which extends from (), break contact of relay

. #CHO, make contact of relay ON, winding of
relay Y, make contact and winding of relay

IX to (—). The operation of relay Y opens
up angd releases relay {CB, this latter relay clos-
ing g circuit for onerating counting relay [CI,
which exiends from (4-), break contact of relay
iICB, make contact of relay [SA, pick-up con-
ductor, make corlta.c‘:: of relay {CX and winding
of relay 1Cl to (—). Relay IC{ switches the
stick | conductor from relay {CX to the winding
of relay {CI for closing a locking circuit for

. ' this latter relay and for cpening up the pre-

When
relay RCI of the selector finder is operated as.
previously explained, a circuit is closed for op-

63

from (), break contact of re’ay CT, make con-

tact of relay CB and winding of relay SA to (—).

.. Referring back fo the register-sender, the op-

76

viously described operating circuit for relay iCX.

Relay [CX does not release at this t'me, however,

because of another locking circuit extending
from (--) on conductor 2MG, break contact of
relay CHOP, make contact of relay ESA, break
contact of relay [CB, conductor stick 2, make
contact and winding of relay ICX to (—).
When relay PO next swings to the left, a cir-
cuit is clocsed for op-crating relay CB which
extends from (4-), make contact of relay OGN,
contact of relay PO in -its left-hand position,
hreak. contact of relay {CHQO, make contact of

) relay {Y and winding of relay {CB 1o (—).

The operation. of relay {CB opens up the. above
described locking circuit for relay {CX including
conductor stick' 2, thus effecting the release of
thislatterrelay.

It will' be noted that re1ay PO is allowed to
make one swing from its left-hand position to
its right-hand position, followed by ancther

swing to the left and another swing to the right
"before the trunk
‘gzlector is opened. This is because relay
maintains a closure across conductors OPT and

o the first

circuit leading

OFR during. thess. first swings of relay PO. This
is to permit relay PO to settle down. and atfain

5. constant rate of cyecling bpfore it =5 connected

to thetrunk eircuit.
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- 'With relay PO swung to the left, after relay
1Y is operated, the circuit to the first seclecior
is opened for providing the first impulse of the
-series. When relay PO next swings to the right,
the trunk circuit is ciosed for marking the end
‘of the first impulse of the series. This swing of
relay PO to the right also cpens up the circuif
to relay 1CB for efiecting the releass cf this
‘latter reiay. 'Thne release of relay 1CB closes g
circult for operaiing counting relay {C2 extend-
ing from (4, break contact of reiay {CB, make
contact of relay iSA, pick-up conductor, break

contact of relay |CX, make contact of relay {Ct

and winding of relay i(C2 to (—). Relay (Cl
is prevented from reieasing at this time by means
of a connection to (4) on conductor stick & as
prev.ously described.

 When relay PO nixt swings to the left to mark
- the beginning of the secend impulse the trunk
to the first selector is opened and relay (CB is
operated over the previously described circuit
including a make contact of relay (Y.

- When relay PO next swings to the right to
mark the end of the second impulse, relay {CB
is again released for closing a circuit for oper-
ating counting relay {C3, which circuif includes
the pick-up conductor, break contacts of relays
ICX and ICi in series, malze contact of relay
IC2 and winding of relay iC3 to (—). Relay
IClt was released by the operation of relay {CB
at the beginning of the second impulse because
conductor stick 2 is de-energized. 'The swing of
relay PO to the right closes the trunk circuit
leading to the first selector to mark the end of
the second impulse.

When relay PO next swings to the left relay
ICB is again operated for effecting the release
of relay 1C2 by de-energizing conductor stick 2.
This swing of relay PG to the left marks the
beginning of the third impulse by opening the
trunk conductors.

When relay PO next swings to the rigng, relay

ICB is released and the trunk conductors are
closed for marking the end of the third impulse.
Relay [C4 is operated at this time because relay
ICB energizes the pick-up conductor and relay

‘0 541,036
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C3 is locked at this time bhecause relay iCB |

energizes the stick 2 conductor.

During the Intermittent operations of relay
[CB the circuit to relay {SA is interrupted, but
this latter relay does not release because of its
slow acting characteristiecs. It will now be ex-
plained how, even though relay PO coantinues to
operate intermitiently, relay CB remaing down
long enough to effect the release of relay ISA
for marking the end of the ftransmission of the
first digit.

It will be observed that, with relay {Y operated,
relay PO pulses the outgoing ftrunk circuit by
swinging ifs upper-most contact to the left for

- opening this trunk circuit and swinging this con-

tacet te the rvight for closing the trunk cireuit.  As
previousiy mentioned, relay PO keeps right on
swinging, therefore, it is necessary to close the
trunk cireult after the required number of pulses
are sent out from the register-sender and keep
this trunk circuit closed long enough to permit
the selector switch 1o comaplete its trunk hunt-
ing operation. This is done by releasing relay
{Y and thus bridging the pulsing contacts of

relay PO when the proper number of pulses are

sent, in this example three for the first digit.
- Since relay EC of thie thousands register was
‘left operated in response to the registration of #3

'l'_s‘t
|

6{)
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‘the conductors stick 1,

to (—).
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exists between the thousands register and the
outgoing counting relay combination when three
pulses have been transmitied over the trunk cir-
cuiv. When relay PO swings to the right to close
the trunk cireuit to mark the end of the third
pulse and relay (C4 is operated at this point in
the cycle, a circuit is clesed for operating change-
over relay [CHO extending from (4) on the
master ground conductor 2NMG, break contacts in
series of counting velays (Cif to IC3 inclusive,
make contact of relay (C4, channel conductor
CH3, hreak convacy of relay iD of the thousands
register, make contact of relay 1C, break contact
of relayv 1B, bregk contact of relay 1A, make
contact of relay iTF, conductor £, break contact
of relay CHOP aand winding of relay ICHO to
(—). The operation of relay iCHQO closes a lock-
ing circuit for itself exteriding from (4) on cone

~ductor 2MG, make contaet of relay {TEF, con-

ductor %8, mske contact of relay {CHO, break
contact ¢of relay CHOP and winding of relay
ICHO to (—). The operation of relay {CHO
opens up the circuit leading 10 relays iX, 1Y and
ICB, thus releasing relays X and (Y and pre-
venting the opesration of relay {CB until a com-
paratively long time interval has been measured
off. The release of relay (Y closes the trunk
circuit for the purpose above mentioned before
relay PO swings to tne 1eft to Opﬂn this trunk
circuit.

With relafy 1CB released, relay [SA releases
after a time interval measured oif by its slow
acting characterisiic for disconnecting (+4) from
stick 2 -and pick-up of
the outgoing counting 1&1&375, thus effecting the
release of the relays of this couniing rélay group
which were left operated (in this example relays
{C3 and IC4A). This restores all of the outgoing
counting relays to normal and ¢ompletes a circuit
for operating relay CHOP which extends from

(4-) cn conductor 2MG, break contacts in series

of all counting relays, eonductor &1, make con-
tact of relay {CHO and winding of relay CHOP
Relay CHQOP closes & locking circuit for
itself extending from conductor 2MG, make con-

tact of relay CHEOP, maks contact of relay ICHO

and winding of relay CHOP to (—), this locking

eireuit maintaining relay CHOP energized‘ in-

dependent of its operasving circuit 1*‘10111d ng brea;k
contacts of the counting relays. |

A circuit is now closcd for operating relay 2X
extending from (+), make contact of relay: ON,
make contact of relay CHUOP, conductor 12; break
conuvact of relay L, conductor i3, break contact
of relay 2¥Y and winding of relay 22X to (—).
This operation of relay 2X oeccurs at about the
time relay PO is in its right-hand position, con-
sequently wnen relay PO swings to the left a
circeuitv is closed for overating relay iCB which
extends from (+4), make contact of relay ON,
conwvact of relay PO in ivs left-hand position,

‘make contact of relay iCHO, make contact of re-

lay CHOP, make contact of relay {CHO, make
contact of relay OM, break contact of relay (Y
and winding of relay iCB to (—). Relay {CB
closes an gbvious circuit for operating relay (SA

and this relay closes the previously deseribed

circuit for operating relay ICX. When relay PO
next swings to the right, relay ICB is released
for operating relay {Ct and locking relay ICX,
in the previously described manner. When relay
PO next swings to the izft, relay iCB is again
operated over the previously described circuit in-
cluding the left-hand contact of relay PO and

for the first digit, a correspondence condition 75 the make contacts of relays CHOP: and . {CHO.
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This operation of relay ICB effects the release
of relay 1CX. When relay PO next swings to
the right, relay ICB is released, relay 1C2 is oper=
ated and relay fClt s locked operated until relay
PO next swings to the left at which time relay
{CB operates for releasing relay ICH.

Relay PO now swings to the right for releasing
relay iCB, which in turn operates relay 1C3 and
locks relay (C2. The operation of relay {C3
opens a point in the cireuit leading to relay ICHO
and since the other point In this circuit is open
at a back contact of relay CHOP, relay ICHO is
released for in turn ef fecting the release of relay
CHOP. The release of relay {CHO, before relay
CHOP releasss, disconnects master ground con-
ductor 2MG from the stick | and stick 2 con-
ductors for effecting the release of relays 1C2 and
{C3. Relay !|CB is now operated over a circuit
extending from (4), break contact of relay
|CHO, make contact of relay ON, break contact
of relay {Y and winding of relay ICB to (—).
Relay X is operated when relay PO next swings
to the left over a circuit extending from (),
make cortact of relay ON, contact of relay PO
~ in its left-hand position, break contact of relay
ICHO, break contact of relay Y and winding
of relay IX to (—). When relay CHOP is re-
leased, the above descriped circuit, including con-
“ductors (2 and {3 extending to (4-) through make
contacts of relays ON and CHOP, is disconnected
fr om the right-hand terminal of relay 2X, which
is- effective to cause the operation of relay 2X

and the locking of relay 2X over a circuit ex~

tending from (4), make contact of relay ON,

winding of relay 2%, make contact and winding

of relay 2X to (—). This release of relay CHOP
is again effective to extend conductor 2MG to
conductor stick § for again operating relay ICX
to prepare the outgoing counting relays for the
next counting operation.

This operation of relay 2¥ is an mcl cation thafs
the pause between the first twié diglls has heen
measured off to permit the selec.or switch to

complete its trunk huntmg operation. The count-~

ing and pulsing of the second digit will be held
up for a short addltlopal pericd of time until re-
lay Y is operated ag an indication that the sec-
ond digit has been received in the register-sender.

Tt is obvious that the transmission of the sec-

ond digit cannot proceed until this digit has been
recorded in the regis‘er-sender. In most cases
this recording of the second digit will have taken
place long before ithils particular point in the
cvele, however, in the case of slow dialing of
digits, it is necessary to hold off the second digit
transmission until a positive indication is re
that the second digit has been dialed into the
register-sender. When relay PO swings to the
right$, after relay 2Y has been operated, a circuiv
is closed for operating relay {Y and locking re-
lay tX which extends from (+), break contact
of relay {CHO, make contact of relay ON, wind-
ing of relay {Y, make contact and winding of
relay X to (—). In the event tha® the second

digit has not been recorded, relay 27 F will not be .

operated. Cofsequﬂntly, a3, circuit may bz traced
from (--) on conductor 2MG, break contact of
relay BTE, break contact 6f relay T, break con-
tact of relay 3T, conductor 82, break con‘act
of relay 2TF, make contact of relay i{'TY, con-

ductor 83, mﬂke contact of relay 2Y, make con-
tacts of relay §IX to the lefi-hand terminal of
relay 1Y, this circuit locking relay 1X and short-

eir cultmg relay 'Y to preven? its operatmn until

‘relay 2TF is operated.

10

15

13
- With relay |IY operated and with relay PO

swung to the right, relay {CB is reieased for oper-
ating reiay IC{ and for locking relay iCX, When
relay PO next swings to the leif, relay {CB 1is
operzted and the trunk circuit is Opened be-
cause relay 1Y is operated. The gperation of re-
lay {CB effects the release of relay 1CX. When
relay PO next swings to the right, relay 1CDB
is released for operating relay iC2 and locking
velay §CIl. This swing of relay PO te the right
closes the trunk cireult by way of a path which
is independent of the break contact of relay Y.

Since the second digit (#1) has now been sent,
it is' necessary to again stop the impulse trans-
mission and to again measure off the pauses be-
tween the second and third d.gits.

~-With relay PO swung to the right for operating
relay {C2, the correspondence condition is again

- estab L.sned as a resuli of the match between digit

20

30

40

45

55

ceived

60

© cuit.

70

conductor f§,

of relay 2Y

#1 dialed into the register-sender for the secend

digit and digit #1 transm.tted oui from the reg-

ister-sender for this digit. This corresponcence
cond:tion is effective to operate relay {CHG over

g, circuil extending from () on cenductor 2MG,

break contacts in series of counting relays {Cli
to 1C8 inclusive, make eontact of relay {CZ, chan-
nel conductor CHH break contacts in series of
hundreds register relays 2D 2C and 2B, make
contact of relay 2A, make contact of relay 2TF,
break contact of relay [TF (the relays of the
thousands rezister including transfer relay iTF
being released as will be presently described),
break contacts in multiple of re-
lays iC2 and CHOP and winding of relay {CHO
to (—). Relay {CHO operates and closes a lock-
ing c¢ircuit for itself including the circuit which

is holding relay O operated, this locking cir-

cuit being independent of relay ITF. The reason
that relay {TF is released is tha’ the oreration
of relay 2TF as an indication that the second
digit has been dialed into the registsr-sender and
the operation of relay 2X as an indication that

the first digit has been sen’ out from the regis-

ter-sender, opens np the multiple path through
contacts of these two relays including the akove

described circuit for holding relay le' and relay

IC of the thousands register epemted

It will be noted that the 2X, , 86X and 5}{
relays have been illustrated with a smgle break
contact in Fiss. 9 and 13, These are the same
relays illustrated in Figs. 11 and 12, this dupli-
catz showing of the squares mdlcatmg the wind-
ings of these relays being for the purpose of sim-
pll*‘ yving the drawings.

With relay ICHQO operated in reapome to the
transmission out from the register-sender of the
second digit, relays (X and Y ars released In
the previously described manner. Relay PO keeps
rieht on swinging its. contacts from left to right.
and from right to left, but with relay 7 released
no impulses are transmitied cover the trunk cir-
Furthermore, the ecircuit of relay 1CB is
opened and this relay remains in its released
position long enough 1o permit relay {SA to re-
lease, which in turn effec’s the release of Count-

ing relasfs tC{ and §C2Z and the operation and
Jocking of relay CI—IOP all in the abme descmbed
manner.

A circuif is now clesed fm' Gperat_ng relay $X

-cmendmg from (+), make ecentact of relay ON,

make contact of relay CHOP, conductor {2, break
contact of relay LD, conductor 3, make contact
. break contact of relay 3Y and wind-
ing of relay 3X to (=-). This cperation of relay
33X takes place during the measuring off of the
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second inter-digit pause.
pause is measured off and relay PO swings to tiie
left a circult is again closed for operating relay
ICB, extending from (4), make contact of re-

lay ON, contact of relay PO in its lefi-hand po-
sition, make contact of relay {CHO, make con-
- tact of relay CHOP, make contact of relay 1CHO,

maXe contact of relay ON, break contact of relay
1Y, and winding of relay ICB to (—). Relay {CB
again operates relay {SA, after which relay ICX
is again operated for preparing the outgoing

counting relay circuit for counting off three im-

pulses to mark the end of the inter-digit pavse.
These three impulses are counted off as a result
of the swing of relay PO to the right for releas-
ing relay {CB, which in turn operates relay {C{
and locks relay ICX. When relay PO swings to
the left, relay {CB is operated for releasing relay
ICX and when relay PO swings to the rizht, re-

lay {CB is released for operating relgy 1C2 and :

for locki

g relay C!. When relay PO next swings

to the left. relay (CB is operated for releasing
relay 1CI and when relay PO next swings to the

right, relay [CB is released for operating relay
1C3 and for locking relav 1C2. It is not believed
necessary to po:nt out the circuits in detail for
controlling these outgoing counting relays, since
the circuits have previously been explained,
When relay {C3 is operated, since r-lav CHOP
is now opzrated, the circuit for relay ICHO is
opened for effecting the release of this r-lay,
which in turn opens up and releases relay CHOP,
The release of relay {CHQO closes a circuit for
operating relay {CB extending from (4), break
contact of relay ICHO, make contact of relay
ON, break contact of relay {Y and winding of
relay (CB to (—).
opens up and releases relay {C3 and when relay
CHOP is released, as previously explained, relay
{CX is again operated for preparing the outgoing
counting relay circuit for sending the third di~it.
The release of relay CHOP closes a circuit for
cpherating relay 3Y and for locking relay 3X, ex-
tending from (<), make contact of relay ON,
winding of relay 3¥, make contact and winding
of relay 83X to (—). This circuit is made effective
vecause the release of relay CHOP removes (),
inciuding conductors 2 and (3 from the junc-
tion between the windings of relays 3X and 2Y.
This operation of relay 3Y indicates that the
inter-digit pause following the second digit has

heen measured off so that the circuits may now .

ke conditioned for transmitting the third digit,
assuming that this digit has been recorded in the
register-sender from the calling station. The
swing of relay PO to the left, following the re-
lease of the outgoing counting relays, as just
described, cleses a circuit for again operating
relay 1X extending from (4), maks contact of
relay ON, contact of relay PO in its left-hand
position, break contact of relay {CHO, break
contact of relay {Y and winding of relay (X to
(—). The operation of relay IX connects relay
1Y to the winding of relay (X, but relay 1Y is
not operated because its winding is now short-
circuited. The operation of relay Y opens up
the circuit of relay (CB and closss this circuit
al another point, but since relay PO swings to
the right at about this time, relay 1CB is released
for operating relay IC! and for locking relay
i CX. | | |

Relay PO now swings to the left for closing

the circuit for operating relay {CB, which in
turn efiects the release of relay ICX. Since re-
lay 1Y is now operated, this swing of relay PO

After this inter-digit .

This operation of relay ICB’

19

20

to the left opens up the trunk circuit and when
relay PO swings to the right, the trunk cirguit

1S closed, thus transmitting a single impulse to

the switch train. This swing of relay PO to the
right releases relay [CB for opcsrating relay 1C2
and for locking relay {CiH. |

wince this represents the digit dialed into the
register-sender, correspondence is established
and relay ICHO is operated over g circuit ex-
tending from (-) on conductor 2MG, break
contacts in series of outgoing counting relays
IC{] to IC3 inclusive, make contact of relay 1C2,
channel conductor CHI, break coniacts in series
of tens register relays 3D, 2C and 3B, make con-

tact of relay SA, make contact of relay 3TF, con-

ductor 84, break contact of relay 2TF (released

as will be pr:isently described), break contact

of relay TP, conductor {{, break contacts in

Cmultiple of relays {C3 and CHOP and winding
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-this latier circuit is e
cuit to (4+) on conductors §2 and 13 is opened

of relay iCHO to (—). Relay iCHO again closes

its apove described locking circuit and again

opens up and rel.aszs relays 1 X and (Y, as pre-
viously explained, relay (Y closing a path In
shunt of the pulsing ccntacts of relay PO s0
that the continued swing of this latter relay is
now 1neffective to transmit impulses to the
switches. |

Relay 2TF and the relay of the hundreds regis-

- ter which was operated, are released. When re-

lay 3TF is operated to indicate that the tens
cdigit has been reczived and relay 3X is cperated
to indicate that the hundreds digit has bheen
transmitted, the circuit for relay 2T1F, includ-

ing ti.e relay of the hundreds register that was
ocperated, is opened for effecting the release of

these relays.

When relay PC swings to the left, after this
correspondence condition is indicated, relay 1CB
1s not operated because relay 1Y is released and
de-energized, conseguently, there is no circuait
to the winding of relay iCB. Relay {CB remains
released long entugh to rslease relay [SA, which
in turn efiects the release of the counting relays
lefv operated, after which relay CHOP is again
operated and locked, all in the previously de-
scribed manner. | |

Relay 68X is now operated over the above de-
scribed circuit including conductors {2 and i3,
make contacts of relays 2Y and 23Y, conductor
89, break contact of relay 4Y¥Y and winding of
relay 4X to (—). Referring to Fiz. 9, the opear-
ation of relay 84X, after relay 4TF is operated,
opsns up and releases relay 3TF and the tens

Tegister relay which was operated in response

to dialing the tens digit. -

It is not believed necessary o point gut in de-
tail how the counting relays and the ICHO and
the CHOP relays are operated and released dur-
ing the transmission of the other digits, since this
opzration is the same as previously explainsd.
It need only be pointed ocut that relay ICHO is
released for releasing relay CHOP when relay

iC3 operates to measure off the pause between
the sending of the tens and units digits.

The
release of relay CHOP closes a circuit for oper-
ating relay 4Y and locking relay 83, aiter this
pause has been measured off, which circuit ex-
tends from (4-), make contact of relay CON, con-

ductor 86, winding of relay £%, make contact

The reason
ective is because the cir-

and winding of relay 4X to (—),

at a make contact of relay CHOP for removing
the short circuit from the winding of relay 4Y.
The 1X and 1Y relays are now operated and
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locked, as previously explained, the jatter relay

opening up the bridge across the contacts of °
relay PO so that this relay may again pulse the .

trunk conductors for sendmg the fourth or units
digit.

When correspondence is reached between the
two sets of counting relays, relay iCHO is oper-
ated, locked and relays IX and 1Y are releaszsd
for again placing the closed circuit condition
across the trunk conductors. Relay ICE remains
released in the above desceribed manner for per-
mitting the release of relay ISA, which is effec-
tive to release the counting relays, after which
relay CHOP is again operated and locked. Re-
lay 5X is now operated over the above described
circuit including conductors 12 and 13, this time
extending through a make contact of relay 4Y
and a break contact of rela}f 5Y to the winding
of relay 5X. The relays now. function as before

for measuring off the inter-digit pause and when

relay {C3 is operated as an indication that this
time has been measured off, relays 1CHO and
CHOP are again released and relay IX is again
operated. Relay 1ICX is again operaied for pre-
paring the counting relays for the station or
fifth digit. Relay 1Y is operated when relay PO
swings to the right for removing the short-cir-
cuit from across its winding, thus locking relay
IX in series with relay (Y. This removes the
bridge from across the pulsing contacts of relay
PO, so that the swing of this relay now is ef-
fective to pulse the trunk circuit.

" When correspondence is reached, relay ICI—IO

is again operated and relays IX and 1Y are re-

leased as before. Relay ICB remains released
long enough to effect the release of relay 15A,
after which the counting relays are again re-
stored to normal. "'When these counting relays
are in their normal positions, relay CHOP is again

operated and locked for closing a circuit for op--

erating relay 6X extending from (4) .on conduc-
“tors 12 and 13 by way of make contacts of relays
2Y, 3Y, 4Y and 5Y and break contact of relay
- Y to the winding of relay 6X. It will be under-
stood that relay 5Y is in its operated position be-
cause an operating circuit for itself and a locking
circuit for relay 5X is completed when the short-
circuit is removed from the winding of relay 9Y
by the release of relay CHOP all in the prevmusly
described manner,

This concludes the transmmswn of the ﬁfth or

station digit, it now being in order fo release re-
Jays BA and 5TF. This is done by removing the

bridge between conductors 15 and L6 at the break
contact of relay 6X when this latfer relay oper-
ates. It might be well to point outl at this time
that relays 4A and 4TF are released when relay
5X is operated to open the circuil to these relays,
since it is assumed that, at this time, relay T

has been operated in response to the transmission 60 RCI,
X off-normal con'ta,ct YON and winding of mag-

net RM to (—).
‘normal, contact XON opens for de-energizing the
release magnet winding. It will be noted that re-

of the fifth digit.

Before proceeding with the opera,tmn of the
selector circuits and the clearing out of the regis-
ter-sender, it will be pointed out how fhe “hold -
back” feature is provided for each digit, recalling
that the 2X, 3X, 4X and X relays have a break
contact in multiple with the break contact of the
corresponding transfer or TF relays,.as indicated
in Figs. 9 and 10. Relay IX is locked and relay
Y is short-circuited by .a ecircuit extendmg
through the lower make contact of relay I1X, con-
ductor 87, and the lower make contacts of the
2Y, 3Y, 4Y, 5Y and 6Y relays and make contacts
of relays ITF, 2TF, 3TF, 4TF and 5TPF. Trespec-
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‘cation that a corresponding digit has been re-

corded from the calling station and a Y relay Is
operated as an indication that the pause follow-

- ing the re-transmission of the next lower numi-

10

bered digit has been measured off. If the next
digit has not been recorded, then the next higher
numbered TF relay is not operated. This holds
back the operation of relay 1Y and the conse-
quent counting by the outgoing counting relays,
together with pulse transmission out over the

~trunk circuit after a digit is sent until the next
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digit is recorded, thus taking care of holding back
the sending of a digit from the register-sender
until the succeeding digit is recorded in the regis-
ter sender. This is necessary to take care of par-

ties who are slow in dialing the digits.
Tt will also be pointed out at this time that the

pause bhetween digits can be varied in time by

changing the upper-most break contact from re-

lay 1C3 to some other counting relay of the group.
It will be recalled that the operation of relay I1C3
determines the inter-digit pause by causing the
apparatus to take three steps without sending any
pulses before the transmission of the next- digit
can be started. For example, if this contact is
shifted from relay {C3 to relay {C2, then the
pause between digits will be shorter, since only

" two steps are taken. If this contact is shifted
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to relay 1C4, then the pause will be longer because

four steps will be taken to measure this inter-

digit pause.
After ‘the transmission of the fifth or station

.dlglt from the register-sender and the consequent

operation of relays 1CHO and CHOP, which re-

sults in the operation of relay 6X, all as previ-
ously described, a circuit is closed for operating
relay SW of the first selector extending from
(1), make contact of relay 6X, conductor SW,

make contact of relay RCI, brush SW and wind-

ing of relay SW to (—). Relay SW closes a lock-

ing circuit for itself extending from (4, make
contact of relay SA, make contact and winding

of relay SW to (—).

Relay SW switches the in-

coming line circuit from the tip and ring con-
ductors extending down to the register-sender to

the windings of relay CB, which is eilective to
release relay CB of the reglster-sender (Fig. 8),

‘this relay in turn e

Tecting the release of relay
Tects the release of

SA. The release of relay SA e

the counting relays of the incoming group which

~ were left operated. Relays CHO, CRL and CRLP

3 H

are likewise released.

The release of relay SA of the register-sender

disconnects (+) from sleeve conductor SS lead-
== ing up to the selector finder for effecting the re-

lease of relay RCI. The release of relay RCI
closes a circuit for the selector finder release mag-

net extending from (4), lower winding of allotter

- relay 1AL, conductcr 93, break contact of relay
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conductor 73, break contact -of ralay TALG,

When the switch restores to

lay 1AL is energized in tihils circuit. This is for .
‘the purpose of maintaining this selector finder
busy (in the event that relay 29AL 1s operated at

‘this time) until the selector finder is completely

restored to mormal and the release magnet cir-
cuit, including the winding of relay 1AL is opened.
The release of relay SA of the register-sender

also removes () from master ground conductors

1MG and 2MG, which is efiective to release relay
ON, and this relay in turn opens up and releases

tively. Thus, a TF relay is operated as an indi- 'f5 relays 1CHO, 2X, 2Y, 3X,3Y, 4X, 4Y, 58X, bY and
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6X. The release of relay ON also opens up the
circuit of relay {CB for releasing this relay, if
operated at this time, and for preventing its op-
eration until a succeeding call. The release of re-
lay 1CB effects the release of relay ISA. Relay
{CX will be momentarily operated during this
clearing out portion of the cycle, but will be
“opened up and released by the release of relay
ICHO and its circuit will be maintained open by
the release of relay SA. - The release of relay ON
discharges condenser CN through resistor R4 to
prepare the condenser for the next cycle. It will
be recalled that relay PO is to be positioned to the
left at the beginning of a cycle. If the clearing
out operation, above described, is effiected with

relay PO in its left-hand position, then there is

no need to give it a preliminary swing to the left,
as was explained at the beginning of the descrip-
tion.

Tt will now be explained how the switches of
the switch train are operated in response to the
impulses transmitied from the register-sender.
It will be understood that these switches will be
operated by the successive digits transmitted
from the register-sender, but for convenience in
describing the operation of the system, the com-
plete register-sender operation was explained
without reference to the resulting operations
effected in response to the impulses transmitied
over the trunk conductors leading to the switches.
This portion of the operation will now he ex-
plained.

Remembering that relay SW of the first selector
is not energized to transfer the calling line to
the windings of relay CB of the first selector
ant’]l after all of the digits have been transmivted
from the register-sender, it will now be explained
how these transmitted impulses function to con-
trol the operation of the selectors and connector.
. The three impulses of the first or thousands
dicit effect the release of relay CB, once for each
impulse,
CB the circuit to relay SA is opened, but this
relay is not released because of its slow acting
characteristics. At the first release of relay CB
a circuit is closed for operat'ng change-over relay
CHO and the X maznet in series extending from
(+4), break contact of cut through relay CT,
break contact of relay CB, make contact of relay

SA, conductor 88, winding of relay CHO and ;

winding of magnet XM to (—). This gives the XY
switch one step in its X direction, closing a cir-
cuit for operat:ng interrupter relay INT extend-
ing from (--), upper make contact of relay SA,
conductor 89, make contact of relay CHO, X off-
normal contact XON and winding of re:ay iNT
to (—). Relay INT closes a locking circuit for
itself extending from (--), lower make contact
of relay INT, conductor 71, break contact of relay
CT, conductor 12, break contact of Y magnet
YM, contact XON and winding of relay INT fo
(—). When reay CB is energized at the end
of the first impulse, the above described circuit
including wind ngs of relay CHO and magnet XM
is opened, effecting the release of magnet XM
but relay CHO does not release because of 1its
slow acting characteristics.

Each time relay CB is released, the above de-
seribed circuit is completed for energizing relay
CHO and magnet XM, thus stepping the switch
in its X direction. In response to the three
impulses, the switeh is stepped to the third level
and. since relay CB now remains energized for
a comparavively long interval, relay CHQO is re-
leased. This closes a circuit for magnet YM

During the release operations of relay
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extending from (4), upper make contact of relay
conductor 89, break contact of relay CHO,
make contact of relay INT and magnet YM to
(—). Magnet YM advances the XY switch one
step in its secondary or Y direction and, at its
break contact, opens up and releases relay INT.
The release of relay INT opens up and releases
magnet YM. This connects the brushes of the
first selector to the first set of terminals in the
selected level, If the first set of terminals, corre-
sponding to the first trunk in this level, are asso-
ciated with a busy trunk then a circuit is ex-
tended from (4-) on the sleeve terminal of such
busy trunk, brush S of the first selector, con-
ductor 713, break contact of re’ay CT, conductor
12, break contact of magnet YM, ofi-normal con-
tact XON and winding of relay INT to (—).
This aga’n operates relay INT for causing the
switch to take another step in ifts Y direction,
at which time thie opening of the break contact
of magnet YM again effects the release of relay
INT, which in turn effects the release of magnet
YM, thus preparing the first selector switch for
another step if the second trunk is busy. .

This explains how the first selector is caused
to automatically step past busy trunks. During
this busy trunk operation, relay CT has a con-
nection to (4. on its right-hand terminal at
the upper make contact of relay SA and also
a connection to (4) on its left-hand terminal
by way of brush S as well as by way of the lower
make contact of relay INT for keeping the wind-
ing of relay CT short—clrculted until an 1dle trunk
18 reached.

When the 1dle trunk is reached and relay INT
is released, there being no connection to () on.
the terminal of brush S, relay CT is operated
over a circuit extending from (4-), upper make
contact of relay SA, winding of relay CT, con-
ductor 12, break contact of magnet YM, off-
normal contact XON and winding of relay INT
to (—). This operates relay CT in series with
relay INT, but relay INT does not operate be-
cause of its low number of ampere turns and its
marginal adjustment compared to the high re-

sistance winding of relay CT.

The operat‘on of relay CT extends conductors
IST and ISR to the winding of the CB relay

(not shown) of the second selector for operating

this relay, which in turn operates its associated
SA relay, this latter relay extending a circuit
from (4-) back over brush S of the first selector

for completing a locking circuit for relay CT

before relay SA is released, by the release of
relay CB, for opening the circuit to () at its
upper make contact, which circuit operated relay
CT. The operation of relay CT also disconnects
its left-hand terminal from the contact of relay
INT and from brush S to prevent a connection
of this terminal to (4) which would short-circuit
the winding of relay CT. Relay CT, at its lower-~
most break contact, opens up the circuit from
(4+) which would otherwise complete a circuit
for relay CHO and magnet XM when relay CB
releases and before the release of relay SA, thus
preventing the operation of relay CHO and mag-
net XM when the circuits of the first selector

are cut through to the second selector by the

operation of relay CT.

The operation of the second selector, in re-
sponse to the second digit transmitted from the
register-sender, is the same as already described
for the first selector and need not be repeated.

After the transmission of the second digit, the

connector is selected by the second selector and
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the closed circuit across the trunk line, including
conductors (ST and ISR, effects the operation
of re'ays CB and SA of the connector. Relay
SA of the connerctor applies () to s’eeve con-
ductor CS extendiny back throush the second
selector and the first selector for holdmg the CT
- relays of these selectors and the SW relay of
the first selector after it has been op~rated, as
was previously explained. The operation of relay
SA of the connector connects (4) to the stick
{ conductor for operating relay CX of the station
selector relay group, by way of a circu't inelud-
ing break contacts in series of relays C4, C3, C2
and ClI.

Tt will be recalled that the
ted to the connertor (tens Jdioit) was #1.
effects the release of relav CB for one impulse
period and since this released condition of relay
CB is of comparatively short duration, relav SA,
because of “ts s'ow acting ehara~teristics, is not
released. 'The release of re'ay CR closes a c¢ircuit
for operatin> changeover relay CHO and X mag-
net XM of the connector extending from ( 49,
break contact of relav CB, make contact of relay
SA, conductor 14, make contact of relav CX, con-
ductor 15, and winding of relay CHO to (=),
This circuit mav likewise be traced from right-
‘hand termmal of relay CHO and break contacts

first digit transmit-

in series of re'ays TE and RI to X macnet XM.

SWhen relav CB is enereci~ed at tre -end of this

impulse period, relay CHO asnd macnet XM are

de-energized for stopping the connector switch
at the first level and for releasing re'av CI_—IO A
circvit is now closed for operating troansfer re-

Jav TF which extends from (1), make -contact
of relay OB, X off-normal eontact XON. break

contacts in series of relavs CHN. RI and CT and.

winding of relayv TF to (—). TRelay TF closes a
Joeking circuit for itself eviendine from (4,

make -contact of relay SA, break contact of relay
RI, make contact and winding of relav TP to
(—). When relay CB is re'eased for transmit-
ting the fourth or vunits digit, a ecircuit is closed
for overatine ¥ magnet YM and re’ay CHO. The
eircuit for orerating magnet YM extends from
(4, break coritect of relav CB. make contact nf
relav:SA, condurtor 74, make contact of relay CX,
conductor 15. make contact.of relav TF:and wind-
ine of Magnet YM to (—). This ¢'reuit branches

off fo the winding of relay CHO for overating .&

this relay. Relav ‘CHN completes another lock-
- ing eircuit for relay TR, which is independent of
that previouslv described and inecluding a -bre=k
contact of re'ay RI, this lo~“kin~ cirenit ext~nding
from (:-), mae contact of re’av :SA, make .con-
tact of rélay CHO, make contact and winding -of
relay TF to (—). This Tocking -circuit is .com-
pleted to prevent the release of relay TF -when
‘relay RI is operated at the first Y step-of the-con-
mector switech over a circuit-extending from (),
Y off-normal contact YON, make contact of re-
lay TF, winding -of relav RI, conductor 16 and
‘resistor B30 to (—). Relay RI closes a -locking
.circuit for itself exteunding from (4-), make con~
tact of relay SA, make contact of relay RI, wind-
ing of relay RI, conductor 18, and resistor R30
to (-).

‘When relay CB-operates at the end -of “bhe im-
pulse transmission, relay CHO and ¥ magnet YM

are de-energized. The release of relay :CHO 1

opens un :the above described Jocking . circuit for
relay TF for effecting the release of this latter

relay.
Assuming the-called line 1o .be- 1dle .a.circuit is

now closed for mperatmg cut-in relay CI.over g
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circuit extending from (4-), make contact of re-

lay CB X -off-normal contact XON, break con-

tact of relay CHO, make contact of relay RI,
break contact of relay TF, break contacts in
series of relay BY and windinz of relay CI to
{=). Relay CI closes a locking c'reuit for itself
extending from (<), make contact of relay I,
make contact of relay SA, break contact of relay
BY and winding of relay CI to (—)., This cir-
cuit from (4-) may also be traced by way of a
break contact of relay TF, conductor 71 to brush
S and. its associated contact for operating the
cut-off relay of the called line and for making
this line busy to other incoming calls,

In the event that the called line is busy, the
release of relay CHO closes a circuit for operating
busy relay BY before relay TF is released. This
circuit may be traced from () -on the terminal
and brush S of the connector, conductor 11, make
contact of relay TF, break contact of re'ay CHO,
make contact of relay CB and winding of relay
BY to (—). Relay BY closes a locking cirecuit
for itsef to maintain th's relay operated until
the release .of the connection, which circuit ex-
tends from (4-), make contact of relay SA, make
contact and winding of relay BY to (—). Relay
BY .connects busy tone to the calling line and
opens up the circuit to the revertive ringing tone
source to prevent this source be'ng applied to the
rva'ling line.on a c21! to a busy called line. Relay

- BY also opens up the .circuit to relay CI for pre-
venting the operation of this relay on a call to a

busy line. Relay BY also opens up the circuit to
sleeve brush S to isolate ‘this brush from the rest
of the circuit until the connector is released from
a -call to a busy line. '

In response to the sinele impuise of the fifth
or station digit, transmitted in this examp'e, re-
lay CB re'eases for-closing a circuit for operating

relav CHO extendine from (4), break contact
of relay CB, mrake contact of relav FA, conductor

‘18, make -contact of relay _.-CX,.ccmductor 75, and
winding -of relay:CHO to (—). Since relay TF Is
released at this time and since relay RT 1s oper-

~ ated at this time, roth the X and Y magnets are

disconnected from the circuit to prevent their
energization -during the transmission -of the sta-
tion .dig’t. The release of relay CB closes a cir-

.cuit for locking relay .CX .extending from (4),

break.contact of relay CB, make cont~ct of re'ay

SA,.condurtor stick 2, make contact and winding

of relay CX to -«(—). The re'ease of relay CB

~ also closes a circuit for operating counting relay

=
ol |

C( extending from (1), break contact of relay
CB, make .contact -of relay SA, conductor 74,

make contact of relayv CX, conductor 75, break

contact of relav TF, make contect of relay RI,
make contact of relay CI, pick-up conductor,

make contact of relay CX and winding of relay

Cl to (—). The operation of relay Cil switches

the stick 1 eonductor, to which () is connected,

from the winding of relay CX to the winding of
rélay .Cl for locking this latter re’av. Since this

.Switeh in .the circuit hapvens well after the en-

ergization of conductor stick 2, relay CX 1s locked

op-~rated at this fime.
"When relay CB operates at the end of the sta-

tion dicit .transmission, conductor stick 2 is de-
energized for effecting ‘the release of relay CX.
At this tlme the ecircuit to relay CHO is 'kewise

opened. for effecting the release of this Iatter Q-

lay.
Ringing current of the selected fregquency (in

"'th1s example.33 cyc'es) is applied to the called

Inie’ from the 33 cycle .source, make contact of
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_reley Ct, Wmdmg of trip relay TR conductor 13

break contact of relay CHO, make contact of '

relay RI, make contact of relay CI, conductor 19,
t'p brush T and tip conductor T of the called
line, called substation, ring conductor R of the
called line, terminal and ring brush R of the con-
nector, ccnductor 69, make contact of relay CI
;and make contact of relay RI to the ground.

During the ringing of the called station, re-

vertive ringing tone is connected to the calling
station over a circuit extending from ithe com-
mon revertive ringing tone source, break contact
of relay CX, conductor §8, make contact of relay
RI, break contact of relay BY and small fone con-
denser - to the calling line. When the calling
party answers, trip-relay TR is operated for short-
circuiting and releasing ringing relay RI, which
in turn opens up the ringing circuit and releases

relav TR. The release of relay RI disconnects

the revertive ringing tone from the calling line.
The release of relay RI also exXtends the called
line circuit, by way of connector brushes T and
R. to the windings of answering bridge relay AB,
this relay operating over the called line circuit
for reversing the battery back to the calling line.
The calling and called lines are connected to-
gether in a conversational circuit by way of the

talking condencsers connected between the wind-

ings of relays CB and AB. When the conversation

is terminated and the connection is cleared out

by the calling party hangeing up the receiver relay
CB of the connector releases for releasing relay
SA. Relay AB is released by the hanging up of
the receiver at the called station or by the release
of relay CI of the connector by the calling station.

The release of relay SA de-energizes and re-
leases relays CI, Cl, cut-off relay CO of the called
line and closes a, mrcult for operating the release
magnet RM of the connector extending from
(), break contacts in series of relays CB and
SA; off-normal contact XON and wind'ng of
releace magnet RM to (—). When the connector
emtch reaches normal the release magnet circuit
is de-energized for restoring the connector eqmp-
ment to its normal condition.

The release of relay SA of the connector discon-
nects () from sleeve conductor CS for in turn ef-
fecting the release of relays CT of the first and
second selectors, as well as the release of relay
SW of the first selector. The release of the CT
relays of the first and second selectors closes
obvious circuits for energizing the eseocleted re-
lease magnets for releasing these switches.
Since the sleeve conductor LFS leading back to
the line finder is de-energized, relay FCI of this
switch is released for energizing the line finder
- release magnet RM over a circuit extending from
(4-), upper winding of relay {AL, break contact
of relay FCI, break contact of relay [ALG, X off -
normal contact XON and winding of magnet RM
to (—). When this switch is restored .to normal
the release magnet circuit is opened for restoring
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the apparatus of the line finder to its normal

condition.

- This removal of (4) from conductor LFS like-

wise opens up the holding circuit for cut-oif relay

CO of the calling line and this relay is released.
It will now be explained how the register-sender

functions in response to the dialing of only a

single digit, for example 0 when long distance is

desired. Referring to Igs. 7 and 8, the ten im-.

pulses transmitted by dialing 0 are effective to
advance the incoming counting relays up to the

65

70

winding of relay I.D to (—).

release of relay ICHI

be ineffective.

lay CHO releases at the end of this digit a circuit

is closed for operating long distance relay LD

which may be traced from (<), make contact of
relay SA, winding of relay CRL (previously op-
erated in the manner previously explained),
break contact of relay CHO, make contact of
relay CRL, conductor 87, make contact of the last
counting relay CO, conductor LD, bréak contact
of relay ITF and winding of reley LD to (—).
Relay LD closes a locking circuit for itself ex-
tending from (), make contact of relay SA,
make contact of relay CRLP, conductor TF,

" kreak contact of relay (TF, break contacts In

multiple of relays 2X and 2TF, make contact and
This locking cir-

cuit for relay LD now completes a circuit from

(4) on the right-hand terminal of relay LD,

break contact of relay {TF, conductor LD, make
contact of relay CO, conductor BT, make centect

-of relay CRL and break contact of relay CHO to

the left-hand terminal of relay CRI. - Since the
right-hand terminal of this relay is connected to
(-4-) at a make contact of relay SA, relay CRL is
released for in turn effecting the release of relay
CRLP. When relay CRLP is released relay {TF
is ¢operated over a circuit extending ifrom (+)
on master ground conductor 1MG, winding of

“relay {TF and the above described locking cir-

cuit for relay LD to (—). The reason that relay
iTEF can operate at this time is that the release
of relay CRLP opens up conductor TF which was
previously connecied to (4-) for previously short-
circuiting the winding of relay I'TF. K ~
The operation of relay ITF causes relay ON to

be operated and causes the register-sender to
start sending out this recorded digit over the

trunk circuit leading to the automatic switches,
all in the previously described manner. When
the outgoing countine relay group have been com-
pletely operated in sequence, the operation of
relay ICl{ completes the above described cor-
respondence circuit including channel conductor
CHO extending by way of a make contact of

relay LD and break contacts in series of relays

(C, IB and {A, make contact of relay 1TP, con-
ductor Il, break contacts of relays 1C3 and CHOP

in multiple and winding of relay {CHO to (—).
Relay ICHO operates and eff
relays X and 1Y, as previously described, for
praventing the operation of relay {CB. Conse-

ects the release of

quently, relay (SA is released for effecting the
, after which relay CHOP
is operated and locked, for in turn operating relay

6X, all in the previously described manner except

that this time the (4) on conductor 12 by way
of the make contact of relay CHOP is extended

by way of conductor 14 (mstead of conductor I3)
"to the winding of relay 6X. |

‘the first selector for cleermg out the sender 1n

The operetmn of relay 86X operates relay SW of

the previously described manner. The upper

make contact of relay LD is for the purpose of
‘mamtemmg positive potential 01:1 the stick |

conductor to prevent the release of countmg 1e-—

lay CO of the incoming counting relay group,

so that any subsequent operation of the dial will
The remainder- of the circuit op-
erations effective in connection with the 0 call
are the same as previously described, except in

th’'s instance of course, the first selector will be
advanced to the 0 level for selecting a trunk to
long distance.

Having described an automatic telephone sys-

point where relay CO 1s left operated. When re~ 78 ‘tem as particularly adaptable for use in a reg-
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ister-sender type systent as one specific embodi-
ment of the present invention, it is desired to
ke understocd that the present form is selected
to facilitate the disclosure of the invention rather

than to limit the number of forms which it may -

assume and it is to be further understood that
various modifications, adaptations and altera-
tions may be apmhed to the specific form shown
in order to meet the reqmrements of practice,

‘without in any manner departing from the spirit ¢

or. scope of the present invention except s hm-

ited by the appended claims.
Notice is hereby given that subiect matter chs-

_closed herein is claimed in my capenqu appli-

cation Serlal No. 71,152, filed January . 15 1949 "

as a division of this application.

- What I claim is:

1. In a dial telephone system; a train of auto-
matic switches for extending a connection from
a calling line, each switch comprising a bank of
contacts, wipers and a stepping mechanism ior
advancing the wipers; a register-sender for re-
ceiving the called number from the cailing dial
telephone and for controlling said switches in
accordance with the digits of said called number.
said register-sender including a register counter
and a sender counter for respectively counting
the impulses received from said dial telephone
and for countine the impulses sent fo sald
switches: a correspondence relay in said register-
sender: means including said correspondence re-

1)
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lay responsive to a correspondence condition be-

tween said counters for controlling the numbper

of impulses sent to said switches; means con-
trolled by said sender counter for counting an -

additional number of impulses; means for pre-
venting the transmission of said additional -
pulses to said switches; and means controtled by
said additional impulses for measuring and con-
‘trolling the pause between said digits.

2. In an automatic telephone system, a regis-
ter-sender, a plurality of registers each compris-
ing a plurality of digit registering relays, means
including a telephone dial for transmitting digits

Lo
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into said rexister-sender for operating the relays

of a register for each digit in accordance with
the number of impulses in the digit, an impulse
generating relay, an impulse stopping relay, an

impulse responsive relay responsive to impulses g;

cenerated by said impulse generating relay, a
plurality of counting relays for counting the
impulses generated by said impulse generating
relay, means controlled by said impulse responsive

relay for impulsing a trunk circuit to select a -

called line, means responsive to sfaid counting re-
lays counting a number of impulses which equals
the number re~istered on one of said registers
for operating said impulse stopping relay, means
for continuing the operation of said imvpulse re-
sponsive relay, and means controlled by said Im-
pulse stopping relay for preventing the transmis-
sion of impulses by said impulse responsive relay.

3. In an automatic telephone system, a regis-
ter-sender, a plurality of registers each compris-
ing a plurality of digit registering relays less in
number than the number of impulses in a digit
to be registered on a particular register, means
including a telephone dial for transmitting digits

into said re~ister-sender for operating the relays -

of a register for each digit in different combina-
tions in accordance with the number of impulses
in the digit, an impulse generating relay, an im-
pulse stopping relay, an impulse responcive relay

responsive to impulses generated by said impulse o

1)
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I_genferatmg relay, a plurality of counting :relays
for counting the impulses generated by said im-
pulse generating relay, means controlled by said
“impulse responsive relay for impulsing a trunk

circuit to select a called line, means responsive
to said counting relays counting a number of
11~1pulses which equals the number registered on
one of said registers for operating said impulse

stopping relay, means for continuing the opera-

tion of said impulse responsive relay, and means
controlled by said impulse stopping relay for
preventing the transmission of 1mpulses by said
impulse responsive relay. - - -

4. In an automatic telephone system; a plural-
ity of calling lines; a plurality of called lines;.a
plurality of switching devices selectively operated
in response to a plurality of groups of impulses to
interconnect said lines; an impulse circuit over
which impulses are transmitted to said switching
devices: register means comprising a plurality
of register units selectively operated by a plural-
ity of directive impulse digits transmitted from
one of said calling lines for storing therein the
digits corresponding to a called line; impulse gen-
erating means including a polar relay; means in-
clud'ng a first chain of counting relays succes-
sively operated by said directive impulse digits;
a second chain of counting relays successively
associated with said register units and arranged
to count groups of impulses generated by said
cenerating means, the number of impulses in
said groups corresponding to the digits stored In
said register units; and means including said
chains of counting relays for governing the trans-
mission of groups of impulses over said impulse
circuit, the number of transmitted impulses in
each sroup corresponding to the number of im-
pulses counted by said counting relay chains.

5. ITn an automatic telephone system; a plural-
ity of calling lines; a plurality of called lines; a
plurality of switching devices selectively operated
in response to a plurality of groups of impulses
to interconnect gaid lines; an impulse circuit
over which impulses are transmitted to said
switching devices; register means comprising a
plurality of register units selectively operated by
a plurality of directive impulse digits transmitied
from one of sa‘d calling lines for storing therein
the digits corresponding to a called line; Impulse
cenerating means including a polar relay; means
including a first chain of counting relays succes-
cively operated by said directive impulse digits;
a second .chain of counting relays successively
ascociated with said register units and arranged
to count groupns of impulses generated by said .
generating means. the number of impulses in sald
sroups corresponding to the digits stored in said

register units: means including said chains of
counting relays for governing the transmission
of groups of impulses over said impulse circuit,
the number of transmitted impulses in each group
corresponding to the number of impulses counted
by said counting relay chains; and means for
selectively governing the discharge of said reg-
ister means in response to the transmission of a
single group or a plurality of groups of impulses
over said impulse circuit.

8. In an automatic telephone system, a regis-
ter-sender for registering and transmitting a
plurality of digits, a first pluralify of counting
relays in said register-sender, means comprising

said first plurality of counting relays for succes-

sively registering a plurality of digits in a desired

telephone number, & plurality of digit storage re-
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lays-in said reglster-sender means comprising
~ said digit storage relays for storing the plurality
of digits respectively registered on said first plu-

‘rality of counting relays, a second plurality of

counting relays in said register-sender, means
comprising said second plurality of counting re-
lays for controlling the transmission of said digits
in accordance with their storage on said storage
relays, means for causing said second plurality of
counting relays to step and measure oif a pre-
determined time interval, and means to intro-
duce this time interval between transmitied digits
as an inter-digit pause between the trenemmsmn
of said digits.

WINFRED T. POWELL.
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