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7o allw 7’mm i may coneern?

Be i known that I, Crraitns S, Wrxerc
a citizen of the United States of Amqnea,
residing in Chickgo, county of Cook, State
of Ilinois, have invented certain new and
Improvements in Automatic Tele-
phone Systems, of which the following 18 &
specification.

My tuvention
tems  employing
switehes for

relates to telephone sys-
step - by - step  automatic
making  connection Dbetwéen
subsceribers’ lines.  The switches are of the
well known type having preferably two di-
rections of niovement .md comprise a banlk
of contaets and a movable wiper adapted to
muke connection therewith. The bank con-
sists of groups of contacts, and the wiper is-
adapted to be moved fist by directive im-
pulses under the control of the subscriber to
a desired nrwp and then moved aunto-
]’1’1?!11(,&”,’, and nde )\‘nu(_dtly of the sub-
seriber, to the fnsz u‘ds‘ contact in the se-
lected s_:mw) The movement of the wiper
to the group ef contadts is nsually in one
Jw‘u- Lion, aml the movenment to the idle con-

ot in that group is usually in another di-
rwh(m of movement, It the particular con-
striction of the switch is 101;'importa.nt to
my invention as any kind of switch may be
employed that selects fivst u group of con-
tacts, and then an idle contact in the se-
lected group,

Ky mvenmon is also of the two wire or

wtallic Jine type. That is, the impulses
foL operating the switches are sent over the
two limbs of the telephone Iim 111 series, so
that no ground connections are necessar? ab
the subscribers’ stntions.

Heretofore In two wire automatic tele-
phone syﬁt'em it has been necessary to em-
nloy combinations of quick and slow velny.
for controlling the step-by-step switches.
The slow acting relay. in such prior systems

had its dircult ‘m oken each time the quick

5 acting or control velay received an impulse

of current over the telephone line, but due
to its construetion it wasmot sufficiently de-
energized to release its armature during the
sen(hn«f of said jmpulses. The retarded re-
lease in such slow ;wtmb relays was secured
by providing a copper shell for the core of

e relay, or g retarding winding therefor,

hi x of which' rer uz:'fri mwm] construc-
ti«im. Thi j vri,xou in said slug-
gish relaye wy to prevent the

Specification of Letters Patent.

Patented Sept. 1
1912, Serial No. 713,435,

2,19186.

avmature of said rels ays from dropping back
while the impulses were being sent over the
line to directively move the wipers of the
switch to a group of contacts.  After the
directive impulses were sent in said prior
systems, the circuit of the slow acting relay
was lnterrupted by a. second ]mpu]se or se-
*§w of nnpu]ses, consisting of a long make,
1+ o long break in the line cireuit of suffi-
('tent duration to permit the slow acting re-
lay to become. deénergized and release its
armature
the slow -mtmg relay closed the circuit of
the secons miv magnet to automatically move
the wipers of the switch to an idle contact
in the selected group.
in u\y invention I still employ the me-
tallic line cirenit without ground at the sub-

seribers’ station, sending the directive im- -

pulses over the two limbs of the telephone
line in serjes, but I do not employ any com-
bination of qulu{ and slow acting velays to
control the switches. For this reason it is
only necessary -in my system to send one
series of impulses from the subscriber’s ling
to control the switch in-selecting

preferably ave all of the same character or
(!umtmn.
quick and slow relay systems, to have im-
pulses of different character, that is, guick
impulses to operate the qulch relay, and a
long impulse or circuit condition to affect

the slow relay. T am also enabled to have.

all of the relays for controlling the switches
equally quick in . action, without the addi-
tion of windings or-sleeves to make them
slow to mspond in one direction.

In my system a relay which closes the

cireuit of the secondary magnet to move the
swiper of the switch to an idle contact in
the group after the directive impulses have
been sent, may be of the same character
and the same construction as the relay which
operates over the telephone line in response
to the directive impulses from the sub-
strbers’ station. Both of these relays are
equally quick to attract their armatures and
equally quick to release them when deprived
of eurrent. As stated, I therefore dispense
with specially cmstruqted velays desig.aed
to give a slow or sluggish action, and in
addition to this saving of expense, and sim-
plicity of mdnvfacture, I am able to ac-
complish the }esult by a single serle of
|

The ‘releasc of-the armature of-

an idle
trunk, and this single series of 1mpulses

It is not necessary, as in the
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-impulses sent over the subscriber’s line, all
of said impulses being of the same char-
-acter or duration.
In the present embodiment of my inven-
, tion, I accomplish these results by providing
a high resistance path for the current flow-
ing in the winding of the relay correspond-
. ing to the slow or sluggish relay in said
“prior systems. During the sending of the
mmpulses to directively operate the switch,
.. the circuit of said relay is not broken, or
' otherwise it would immediately rvelease its
armature, but instead of having its circuit
~i: -broken as these impulses are being sent, as
“15 is the case in systems employing slow acting
" relays, the cirenit of the corresponding re-
lay 1in my’system is closed through said high
resistance during ‘the intervals of said im-
... pulses, and sufficient current flows through
“20 said high resistance toenergize the relay dur-
" ing said intervals. ‘That is, two simultane-
ous paths are provided for the current that
energizes said relay, one a high resistance
..~ and the other a low resistance path, and
25 during the interval of time that the low
resistance path is open (due to the trans-
mission of impulses), the relay is held ener-
gized by current through its high resistance
it path but the instant that this path is opened
“g0 the relay immediately deénergizes and al-
“lowsits armature to fall back.  The relay
is not deprived of energizing current dur-
ing the operation of the primary relay, and
.. ~holds its--;agpatnre attracted solely for this
35 reason. )Tle arrangement is such that suf-
- ficient’ current will not flow through the
high resistance path to keep said relay ener-
gized for a longer time. than during the
interval bet\ween said impulses. Accord-
‘40 ingly, after ‘said impulses ‘have been sent,
~+and the group selected, there is not sufficient
current flowing through the path contain-
" ing said high resistance to keep the relay
‘energized, and it accordingly releases ifs
armature, closing the path for current
through the test relay T which relay im-
mediately energizes and closes a path for
current through the secondary driving mag-

FerCr

idle contact 1n the selected group.

For better understanding of my inven-
tion reference is had to the accompanying
drawings in which all parts are shown in
their normal position, and in which like
reference characters indicate like parts, Fig-
ure 1 comprising parts 1, 2 and 8 illustrates
an automatic telephone system embodying
.y invention; Fig. 2 illustrates diagram-
J2+ matically a mechanism adapted for use with
.$0 the line circuit B; Fig. 3 illustrates in per-
i spective a diagrammatic view of a contact

bank and wiper arrangement of the selector
and connector switches, - :

Referring now to the system of Fig. 1,

65 it illustrates a so-called 10,000 line system

net, which moves tlie wipers to select an’

and I have shown only sufficient apparatus
to connect a calling and called substation.
In the preferred embodiment of my inven-
tion as here illustrated I employ line
switches B, first selectors C, second selec- 79
tors D and connectors E.  Assuming a sys-
tem of 10,000 lines, there would be 10,000
substations A each connected by line con-
ductors 1. to a hne switch B, and these
switches B would be divided into groups of ;5
100 each (grouped on a basis of 10% trunk-
ing), each group of 100 having access to 10
first selectors C, which are mnltiply con-
nected to the terminals of their associnted
100 line switches B. That is, each group g
of 100 line switches would be so wired to

. its corresponding group of 10 first selectors

that each line in any group would have
access to the entire ten first selectors, and
could select the first first selector i the gg
group that happened to beidle.  There would
then be 1000 first selectors C divided into
groups of 10 each, and there would be 1000
second selectors divided in the same way,
ten groups, ten in each group. Referving gg
to Fig. 3, when the subscriber removes his
telephone in initiating a call, his line switch
would be started and automatically select
the wiper or movable contact 34" of the first
idle sclector in the group of ten to which g5
his line had access. This wiper 34’ through
the bank contacts 41, 42 and 43 would have
access to the wipers of the second selector
switches. ISach vertical row 41, 42 and 43
of bank contacts indicated upon the first
selector switch in Fig. 3 corresponds to one
of said groups of ten second selectors. Ac-
cordingly, after the call was extended to a
first selector, the subscriber would divee-
tively operate the wipers 847 of said first
selector by giving them a rotary motion
to bring them opposite the vertical row of
contacts thereof corresponding to the de-
sired group of ten second selectors, and™af-
ter reaching said row, the switch wipers
would be automatically operated -to select
the first idle second selector in that group.
There would be also 1000 conncctor switches
arranged the same as the first and . second
selectors in ten groups of ten switehes in 112
each group. After connecting with the
wiper of a second selector, the subscriber
would directively operate said wiper to se-
lect the desired group of ten connectors,
said groups corresponding to the vertical
rows of banlk contacts of Fig. 3, and after
selecting said group by a rotary movement
of the wipers 34/, the second selector would -
then be automatically operated to move its
wipers in a vertical direction over the se- 125
lected group of bank contacts, to sclect
the first idle connector in that group.

The connector switches have access to 100
subscribers’ lines, and the lines are con-
nected wnultiply to the ten conunectors con- 130
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stituting. the group at which said 100 lines
terminate. The connector thus selected is
then directively operated in both directions
to selech the desived line.
9846 was the number of the desired. line,
when the subscriber removed his receiver
from the hook, his line switch would select
an idle first selector, (from the group of
ten selectors common to the group of 100
lines in which the calling subseriber’s line
is located). Having reached the wipers. of

the first selector, the subscriber would send

nine impulses over his line to directively

-operate the wiper 84’ of said first selector

(see Fig. 3} to bring them opposite the

‘ninth vertical row of bank contacts upon the

selector switch. This row of bank contacts
would correspond to the thousand digit of
the number wanted, or to the ninth group
of ten second selector switches, and after

‘thus selecting this ninth group by nine di-

- rective impulses, the first selector would be
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antomatically operated to pick out the first
idle second selector in that group. The sub-
seriber would then send eight direstive im-
pulses corresponding to the hundred digit
of the desired line, or to the eighth group
of ten connector switches. These eight di-
rective impulses would directively operate
the wiper 34" of the second selector (which
would be the saine in construction as the
first selector of Fig. 3), to select the eighth
group of ten connectors, which would be
the group at which all subscribers’ lines in
the eighth hundred términate. After se-
lecting this eighth hundred group of con-

‘nectors by the eight directive impulses, the
‘second selector would be automatically op-

erated, the same as in the first selector, to
move its wipers into engagement with the
first idle contact in that group, thus select-
ing the first idle domnector switch therein.

As above stated, thi tén connector switches
of each group are/ multiply connected so
that each connecter of the group has ac-
cess to any one of the 100 lines terminat-
ing thereat, the 100i contacts upon each con-
nector . representing 00 subscriber’s lines.
After selecting An idle connector, the sub-
scriber would then directively operate the
wipers of the said connector switch in both
directions, sending four directive impulses
to move the wipers in a rotary dirvection op-
posite the fourth row of vertical contacis
shown in Fig. 3, which would ecorrespond
to the tens digit of the desired line, and
would then send six directive impulses over
the line to move the wipers in a vertical
direction to the contact in said selected
group corresponding to the units digit of
the desired line, this contact being the line
of the called subscriber. -

-The construction of the switches and the
grouping thereof, as above described, as
well ag the eperation of the wipers; first Ji-

Forinstanceif No.-

2

rectively to a desired group, and then auto-
matically to an idle contact in the selected
group, are old and well knoswn in the art,
but have been set out in detail for a cleaver
understanding of my invention.
new method of operating the first and sec-
ond selectors in a two wire system, that my
invention relates.

In prior two wire systems quick and slow
relays were employed, the quick relay was
vibrated by impulses over the line to move
the wipers opposite the desired group of

It is to a

70

contacts (corresponding to the vertical rows

of Fig. 3}, and the slow reluy was made
sufficiently sluggish in action so that its
armature did not drop buck when its cir-
cuit was broken by the sending of said di-
rective impulses. When the desired group
was selected, however, the cirenit of the
sluggish relay was broken for a sufficient
length of tithe to allow it armature to drop
back, and this closed the eirenit of the au-
tomatically operated driving magnet, o
move the wipers over the selected group in
search of an idle contact. :

The development of the art at the present
time demands a two wire or metallic line
circuit without grounds at the sabscriber’s
station, and said quick and slow relay sys-
tems are adapted to operate over such me-
tallic lines. My invention consists of weans
for operating said switches over metallic
line circuits without the necessity of using
slow or sluggish acting relays. Instead of
quick and slow acting relays for. obtaining
the movement of the wipers first to a de-
sired group, and then to an idle contact in
that group, I employ two quick acting re-
lays, both of said relays being equally quick
to attract and equally quick to release their
armatures. Thus copper sleeves, coils, or
other adjuncts to make the relays sluggish
in action are dispensed with. One of these
quick acting relays in my system is ener-
gized over the metallic line to directively op-

srate the wipers to move them to the desired -

group of contacts, but during the vibrations
of said relay while these selective impulses
are being sent, the circuit of. the pecond
quick acting relay remains unbroken. :In-
stead of breaking the cireuit of said ‘sec-
ond relay it is preferably shifted, so chat
continuous current 1s supplied to said sec-
ond relay to maintain it in an actuated con-
dition, while the directive impulses are be-
ing sent through said fvst velay.. If said
second quick acting velay should be de-
prived of current for ome instant while
these directive impulses are being sent, its

armature would drop back, and the wipers

of the switch would be started automatically

to select an idle contact, before the Jdesired
group of contacts had been reached.

In the present form of my invention, the
mainizining of the armuatave of this second
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quick acting relay, which corresponds to the
sluggish relays in said prior systems) in
attracted position, while the impulses are

“being sent from the subscribers’ station, and

while the other quick acting relay is vibrat-
ing in response thereto, is accomplished by
providing :two paths for the energizing
current through its v ‘ndihg, one of these
paths being of low resistance and the other
of high resistance, so that said relay is con-
stantly supplied with energizing current, as
will be more particularly pointed out in the
following description. This arrangement
not only simplifies the apparatus, but en-
ables the switches to be operated by the
sending of a single series of impulses from

the subscribers’ stations said impulses being.

of uniform duration. A plurality of series
of impulses of unequal duration ave not
necessary. '

Referring now more in detail to the appa- -

ratus and cirenit arrangement preferably
employed in this-embodiment of my inven-
tion, substations A arve of the well known
Kellogg type having a calling device 1 with
its interrupter contacts 2 connected in cir-
cuit with the line conductors, the impulse
wheel 3, being so arranged that when ad-
vanced, its teeth will not interrupt the con-
tacts 2 but upon being restoved by its spring
it will interrupt said contacts 2 according
to the number of. teeth on its periphery
which were initially moved bevond said
contacts. The line . comprising line con-
ductors 4 and 3 extends from substation A
to its line switch B. g

Line switch I3 comprises a line relay LR,
cut-off relay CO, motor magnet M, off-nor-
mal contacts ON, and a pair of line wipers
9 and 12 and codperating contacts together
with o test wiper 16 and codperating con-
tacts.

Fig. 2 illustrates dingrammatically a
switch mechanism adapted to operate in
connection with cireuit I3, like reference
characters indicating corresponding parts.
This switch comprises sets of bank contacets
and cobperating wipers mounted upon a
central shaft carrying a ratchet wheel 6
adapted to be driven by motor magnet M.
It will be noted that two check pawls 7 and
8 are employed, pawl 7 being normally in
engagement with ratehet 6 while pawl § is

normally out of engagement with said -

satchet. Tn the preferved operation of Fig.
2, which is in accordance with cirenit B,
upon initiation of a call by removal of the
receiver from the switeh hook. line relay TR
is energized thus causing the associated pawl
8 to engage ratchet wheel 6 and thereafter
cut-off relay CO is energized vausing its as-
sociated ratchet 7 to disengage from ratchet
wheel 6. Thereafter the motor magnet M
advances the wipers over the contacts fol-
lowed by the deénergization of CO, but LR

is maintained energized so that both pawls 7
and 8 are engaging ratchet 6. To release
switch B line relay LR is deénergized thus
withdrawing pawl 8 from engagement with
-atchet 6 and thereafter cut-off relay CO is
again energized moving pawl 7 out of en-
gagement with ratchet 6, allowing the wip-
ers to be restored by a suitable spring. On
the first step off-normal contacts ON assume
their alternate position and are maintained
thus until the wipers are restored whereby
said contacts ON are again moved to their
normal position. Other forms of line switch
may be employed without in any way affect-
ing the principle or operation of my inven-
tion.

In Fig. 3 T have illustrated diagrammati-
cally the contact bank and wiper arrange-
ment of one form of selector and connector
switch that may.be used with my invention.
and for a more omplete understanding of
the switch structure reference is to be had to
an application of William Kaisling for au-
tomatic switch for telephone systems, Serial
No. 600,664, Patent No. 1,131,140, filed Janu-
ary 3rd, 1911,

Any form. of switeh adapted to select a
group of contacts, and then an idle contact
in the group, would be equally within my in-
vention. .

My preferred switch, referred to in the
previous pavagraph (see Fig. 3) in gen-
eral comprises a bank of contacts (which T
have indicated inclosed in dotted lines),
made up of 100 sets of contacts, arranged in
ten vertical groups, ten sets in each gronp.
Each set consists of three contacts 41, 42
and 43, (which for clear illustration T have
spread apart at the first set in Fig. 3, and
which correspond to contacts 41, 42 and 43
in Tig. 1, Part 1, contacts 417, 427 and 43’
in said figure corvesponding to the next set
25" in Fig. 3). A set of wipers 34" consist-

ing of wipers 84, 85 and 36 are provided to.

wipe over the corresponding contacts in the
vertical groups.  (These wipers correspond
to wipers 34, 35 and 36 in Thg. 1, Part 1).
A primary magnet (PM, Fig. 1, Part 1)
1s adapted to rotate the wipers through the
medinm of a primary shaft PS to bring
them opposite one of the vertieal groups of
contacts. This group selecting movement
isin response to directive impulses sent over
the Tine from the subseribers’ station. A see-
ondary magnet, (SM, Tig. 1, Part 1) is pro-
vided to step the wipers in a vertical divee-
tion through the medium of a secondary
shaft S8 to select an idle contact set in the
selected group. This secondary movement
to splect an idle set of contacts in the se-
lected group is accomplished auntomatically,
without the aid of directive impulses from
the subscribers’ station. The switch con-
striction is preferably such that the wiper.
are advanced against the tension of a pair
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vi So-called watch springs, one spring op-
posing each movement respectively. .
To release the switch wipers, and restore
them to normal position after connection
with one of the sets of contacts in a group,

the secondary maghet is again actuated to

step the wipers beyond the last or top con-
tact of that group, whereby they are auto-
matically restored to normal by the springs
referred to, the wipers in being restored tak-
ing the path indicated by arrows in Fig. 3.
Thus, in the operation of the switch the con-
tacting ends of the wipers travel in a pri-
mary direction (rotary) to select a group
of contacts, then in a secomdary direction
(vertical) to select a contact in that group,
and in the release of the wipers this sec-
ondary travel is continued until the . con-
tacting ends have passed beyvond the Iast or
top contact in the @roup, when they arve
automatically released as shown by the ar-
rows to normal position. ,
A set of primary off-normal spring con-
tacts PON are moved upon the first pri-
mary step of the switch while a set of sec-
ondary off-iormal spring contucts SON are

‘moved upon the first secondary step of the
switch, being restored uwpon restoration of

the wipers from their respective movements
as will be clear from the diagram. It is to
be understood that for a more detailed de-
scription of this switeh, reference.is to be
had to the above identified application.

First selector C comprises, besides its
wipers and bank contacts, a primary mag-
net P'M, a secondary magnet SM, a primary
relay PR adapted to be energized Ly cur-
rent over a calling line upon connection
made with said switch €, u main release
relay MRR which is adapted to be encs-
gized veésponsive to the initial energization
of relay PR, a release relay RR adapted to
be energized responsive to the initial energi-
zation of MRR, and a secondary relay SR
adapted to be energized following the ener-
gization of RR. Animpulse relay IR is
also provided being controlled Ly the pri-
mary relay PR and adapted to transmit Ji-
rective impulses for causing an operation
of the switches, while a test relay T is
adapted to be energized to effect the second-
ary movement of switch € to cause a sce-
ondary travel thereof to select an idle set of
contacts in the selected group.

Upen the initial ewergization of velay
MER a locking eirenit for itself is provided
through its contact 25 and high resistance
R, so that when its initial energizing circuit
is_interrupted due to the vibration of relay
PR, a mamtaining circuit through this high
resistance R is closed. The current flowing
through the winding of MRR maintains its
armature attracted while relay PR is vi-
brating in response t6 impulses over the tele-
phone line, which cause the primary move-

3

ment of the switch wipers. Relay SR op-

erates on the same principle as relay MRR,

as will be more particularly pointed out,
Becond selector I (Fig. 1, Part 2) s pref-

erably of the same construction as the first

selector, and comprises wipers and suitable
bank contacts, operating magnets P, SMY,
g release velay RRY, and test velay T7. Off-
normal switches PON® and SON* are also
provided. ' :

Connector switch B of the same construc-
tion, comprises, besides its wipers and cobp-
erating. contacts, off-normal switches PON?
and HON?, operating magnets Mz 83,
velease relays RR%. RRY, switching relays
SW oand SWL, a line test relay LT, a velay
H, controlled by relay LT, and maintained
erfergized while LT is energived, o tlip-fiop
or interrupter relay FI for intermittently
connecting ringing generator (¢ and. the
bridged control relay CR across the termi-
nals of the called Tine, a disconnect velay
DR for disconnecting the rvinging current
upon zesponse.of the called subscriber, a eir”
eait dosing relay CL also energized when a
called subscriber responds and a busy relay
BER for controlling the upplication of a'busy
sigind from busy back BB

The called line 17, called sub-station ¥
and associated line switch B are similar to
the calling Jine equipment, the similar parts
being indieated by like reference chavacters
but with the sufiix prime.

Operation of Fuy. I-—Having desertbed
in general  the apparatus and cireuit av-
rangement in the preferred embodiment of
my invention the operation of the system
illustrated, in connecting » calling and
alled line, will now be described.

Assuming a subscriber at station A de-
sires to connect with a subscriber at sub-
station I whose telephone number we will
asstine is 2343, he will remove his receiver
from its switch hook whereby n civeuit for
line relay LR is established from battery
through the winding of LR, wiper 9, nos-
mal eontact 10, line conductor 3, substation
AL dine conductor 4, normal eontact 11, the

wiper 12 to ground.  Relay LR is thus enep-’

gized closing its alternate contact 13 and
estabiishing an energizing clrenit for cut-
off relay CO through normal contact ON.
Heluys LR and €O being energized, u cir-
ciit for motor magnet M is established
through their alternate contacts 14 and 15
respectively, whereby said magnet M ad-
vances wipers 9, 12 and 16 into engagement

©with the first set of contacts 17, 18, 19,

which, we will assume leads to a busy fivst
selector C. Therefore, the test contact 19
thereof is grounded through primary off-

normal contacts PON, said contacts being
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in their alternate position when the selector

C_is busy, and a locking cirenit for relay
LR and CO is therefore established which
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may be traced from ground through PON
contacts. wiper 16 and alternate contacts 20,
21 and the windings of relays LR and CO
respectively.  Relay CO thus maintains the
civenit of driving magnet M closed notwith-
standing the opening of the circuit at off-
normal contacts ON at the fivst step of the
switch,  Magnet M now advances the wipers
another step and in fact continnes such ad-
vancenrent until the fest wiper 16 reaches
an idle test-contact 19 which we will assume
is the third cne leading to first selector (-
Assuming this is idle, us stated, it would be
ungrounded and therefore the locking cir-
cuit for relays LR and .CO is interrupted,
but relay LI being a slow relay maintains
its armature attracted until a locking cirenit

from switeh (' is provided, which will be .

Iater deseribed, but relay CO being a »uick-
velay. immediately releases its arwature
opening its contact 15 in the cireuit of driv-

ing magnet M, thus rendering the switchi

wipers inert.  \s above stated T is one of
a’ group of 100 lines that has access to a

group of ten first selectors C, and thus the

first idle selector € of the group is auto-
natically selected by the removal of the ve-

ceiver from the hook of any one of said-

group of 100 lines.

Due to the closing of normal contacts 10,
11 of relay CO, when it is deimergized, a
circeuit for the primary relay PR of the se-

" lector C is established over the calling line,

" 40
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which may be traced from battery through
the left hand winding of PR, the upper
heavily marked primary conductor, contact
18, wiper 12, normal conutact 11, the calling
line and substation, normal contact 10,
wiper 9, the sélected contact 17 and the right
hand winding of PR to ground, causing its
energization.”

Upon the closing of alternate contact 92
of PR, the locking circuit above referred to
for the slow-acting line relay LR is estab-
lished, traced over contact 19, wiper 16, al-
ternate contact 20, and the winding of LR
to battery thus maintaining said relay enex-
gized untilsa release is desived. Also respon-
sive to the energization of PR a circuit for
MRR is established traced from ground at
normal contact 23 of PON, alternate contact
24 and winding of MRR to battery causing
its energization. Alternate contact 25 is
thereby closed establishing a second cireunit
for MRR through the comparatively high

~resistance R. Also responsive to the closure

" 60
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of alternate contact 25, a circuit is estab-
lished through the winding of release relay
RR causing 1ts energization whereby its ai-

ternate contact 26 is closed, establishing an

energizing circuit for secondary relay SR
traced from said grounded alternate con-
tact 26, normal contact 27, conductor 28, and

- the winding of SR to battery causing its

energization. Its alternate contact 29 is

-relays, such as

1,187,980

therefore closed establishing a.second or
maintaining circuit for secondary relay SR,
through comparatively high resistance R!
and right hand winding of PR to ground.

One path for current through relays MRR:

and SR isthreugh the contacts of relay PR.
The relays MRK 'and SR, both, bging quick
acting, would therefore be deénergized and
release their armatures while PR was oper-
ating to step the. switch around to the de-
sired group, if it were not for the second or
maintaining path for current through the
windings of these relays including the high-
resistance R-and R’ -respectively. As the
first path for these relays through the con-
tacts of relay PR is broken by 'its vibration
in response to impulses from the substation,

70
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80

the second or high resistance path being :

closed maintaing them in energized position,
so that the relays MRRnd SR are not de-
energized but hold their armatiips atiracted

Cuntil suflicient impulses have been sent

through PR to move the wipers of the
switch to the desired group of contacts. The
high resistance path, however, only furnishes
suflicient current to energize the relays MRR
and SR between the intervals or vibrations
of relay PR, so that when the desired group
of contacts 1s reached and relay PR ceases
to vibrate, relay SR, being energized now
solely over the liigh resistance path, releases
its armature, resulting in the operation of
secondary magnet SM to move the wipers
of the switch to the first idle contact in the
selected group.  TIf SR should be deéner-
gized or release its armature while relay PR
was vibrating the desired group would not
be selected, but the wipers would be started
in a vertical movement to select an idle con-
tact in some group, before the desived ver-
tical group of contacts was reached. (See
Fig. 8). Tt is thus apparent that second
relay SR; while quick acting, and the same
In construction in this respect as relay PR,

maintains its armature attracted during the !

vibrations of the latter, not because of any

85

80

95

100

102

retarding means added thereto, but because

it is continnously supplied with energizing
current during such vibrations. Instead of
retarding means the relay SR and the other
relays in my invention that correspond to
the slow acting or sluggish relays in other
systems, are provided with two separate
paths for energizing current, in the present
embodiment, one of these paths being a low
resistance path and the other a compara-
tively high resistance path. Said secondary
SR in Fig. 1, are first ener-
gized over the low resistance path through
contacts of relay PR, and when this low re-
sistance path is interrupted by the vibra-
tions of relay PR, the high resistance path
being closed at this time, the said relays are
held energized and kept in actuated condi-

tion by current flowing in this high resist-’
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8
contact 24 is closed causing an operation of
impulse relay IR, the three operations there-
of causing the fransmission of three pri-
mary or directive impulses to the primary
magnet PM* of the selected switch D. Re-
sponsive to-the first of said deénergizations
of PR, its normal contact 22 is again closed
establishing an initial or low resistance en-
ergizing circuit for the secondary relay SR
traced through alternate contact 27, conduc-
tor 28, and the winding of SR to battery.
Relay SR again closes 1ts maintaining con-

tact 29 whereby a second or alternate cir-

cuit for relay SR'is again closed through the
high resistance R* and the right hand -end
winding of PR to ground as previously de-
seribed. This second circuit for SR is effec-
tive to maintain its armature attracted while
the primary impulses are coming from nor-
mal contact 22, but as previously described,
upon the cessation of these primary impulses
the flow of current through the second cir-
cuit alone is not sufficient to maintain its ar-
mature attracted whereby it restores effect-
ing a secondary circuit change for switch D
as will be described. : :
Referring now to the said three oper-
ations of relay PR, three impulses of cur-
rent are transmitted, as previously, through
the winding of relay IR via contact 24 of

relay PR and contact 31 of relay RR. Said

relay IR thus actuates its armature three
times and transmits three impulses of -cur-
rent to the primary driving magnet of
switch D, over a path traced from its alter-
nate contact 32, normal contact 46, wiper 35,
contact 42, the upper heavily marked pri-
mary conductor to conductor 48 of switch
D, normal contact 49 and winding of PM* to
battery resulting in three operations of said
primary driving magnet. The wipers 50,
51, 52 ‘of switch D therefore receive three
primary steps to select the third group of
contacts which are the contacts extending to
connector switches in the third hundredths
group of the selected thousands group, and
which includes the line of the called sub-
station K.

Upon the first primary step of switech D,

the primary off-normal contact 56 is closed
so that upon the said retraction of the arma-
ture of secondary relay SR, a secondary cir-
cuit is established traced from ground
through the right end winding ot PR, nor-
mal contacts 29, 47, wiper 36, contact 43,

P .
the lower heavily marked secondary con-

ductor, alternate contact 56, normal contact

57 and the winding of test relay T* to bat-\

tery. Relay T* is thus energized closing its
alternate contact 58 wl'lereby a circul@ for
magnet SM! is established causing 1t to

step the wipers into engagement with the -

first set of contacts in the selected group.

. Assuming this first set of contacts lead to a

busy connector E, its test contact 53 has a

1,197,089

‘busy or ground potential connected thereto

(as will be poirted out) so that a maintain-
ing circuit for relay T* is established traced
from said ‘grounded contact 53, wiper 50,
alternate contadt 59, alternate contact 60 and
the winding of T to battery, its initial
energizing circuit having been interrupted
at normal contact 57 on the first secondary
step of the switch. Magnet SM* therefore
continues to advance the wipers until an
jdle set of eontacts is reached which we will
assume are the contacts shown connected to

76
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o

connector B,  and there being ne busy po- ’

“tential upon these contacts, the circuit for

relay T is interrupted causing its defner-
gization and the consequent interruption of
the cirenit for SM® whereby the wipers re-
main in engagement with the contacts lead-
ing to selected switch . '

Upon deénergization of T* its normal con-
tact 59 1s closed, placing a ground or busy
potential
and -its multiples rendering them unselect-
able. This ground connection also is effec-
tive to cause energization of relay RR* of

‘switch B, its circuit being traced over test

conductor 64, normal contact 65 and the
winding of RR? to battery causing its ener-
gization. Upon said restoration of T* its
normal contacts 66, 67 being again closed,
the cireunit from the calling line is extended
through to the connector K.

“The subscriber at A now operates his call-
ing device to effect four operations of relay
TR, this corresponding to the third or tens
digit of the called line number, this result-
ing in the energization of secondary relay
SR in o manner as before described and also
eausing four cperations of impulse relay IR
whereby four impulses of current ave trans-
mitted through primary magnet PM® of
switch E. These impulses to magnet PM?
are traced from ground at alternate contact
39 of impulse relay IR, normal contact 46,
wiper 35, contact 42, normal contact 66,
wiper 51, contact 54, conductor 68, normnal
contacts 69, 70 and the winding of PM* to
battery causing four operations theveof and
four primary steps of wipers 71, 72, 73 to
select the fourth group of contacts 74, 75, 76,
which is the group including the terminals
of the wanted line. Following the said pri-
mary impulses the secondary relay SR re-
stoves its armature in the manner as before

described,” whereby a secondary cirenit is-

established including switching relay SW of
connecter” E. This cureuth 1s traced from

ground through the right end winding of

PR along the lower heavily marked second-

ary conductor through switeh D, conduetor
77" extending from the secondary conductor

of switch E, alternate contact 78 (which is.
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upon the selected test comtact 53 .-

90

25

100

105

110

115

120

125

now closed), normal contacts 79, 80 and the

winding of switching relay 8W to battery.
This relay is therefore energized closing its

13¢
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-ance or maintaining path. In my invention,

10

therefore, all specially constructed or slow
acting secondary relays are dispensed with,
quick acting relays of standard construction
being used in lieu thereof, and by providing
two paths of high and low resistance re-
spectively for said relays, T keep them ener-
gized in the regular way to wit, by supply-
ing steady and continuous current thereto,
as said relay PR vibrates, the current in the
high resistance path permitting said relays

© to release their armatures after the impulses
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have been sent, but codperating with the low
resistance path to keep said relays energized
until that time, or during the sending of the
directive impulses. ‘The manner in which
the above operations are effected will now be

-described in detail;_ _

~ Wenow have relays PR, MRR, RR, and
SR energized over the previously deséribed
paths. The subscriber at station A now
operates calling device 1 to effect operations
of impulse springs 2 corresponding in num-
ber to the first digit of the called substation
number which is 2, and thus select the second
vertical group of contacts (se¢ Fig. 8). The
first interruption of contacts’2 causes an in-
terruption of the circuit for the primary
relay PR, whereby its contacts momentarily
restore to normal, the closure of normal con-

7

. of PR, normal -contact 29, conductor 387,

tact 24 (which is now also grounded through .

alternate contact 30 of RR) closing a circuit
for impulse relay IR traced through alter-
nate contact 81 and the winding of IR to
battery. Such an energizing circuit for re-
lay IR is closed responsive to each deéner-
gization of relay PR and upon each such
operation of IR its alternate contact 32 is
closed establishing a circnit through nor-
mal contact 83 and winding of magnet PM
to battery causing an operation thereof, each
such operation affecting a primary step of
wipers 84, 35 and 36. '
Referring now to the other contact 22 of
relay PR, upon its first momentary restora-
tion to normal, and as soon as alternate con-
tact 27 of PON is closed, a low resistance
cirenit isclosed through SR, traced from
the ground at said normal contact 22, alter-

-nate contact 27, conductor 28 and the wind-

ing of SR to-battery, such a circuit being
closed each time the armature of PR is vi-
brated. Relay PR having operated two

times, remains energized over the line cir-

cuit until the calling device is operated for
the second time. Therefore, normal contact
22 is maintained interrupted, and the low
resisfance circuit of relay SR is opened to
allow the retraction of the drmature of sec-
ondary relay SR to start the secondary se-

* lecting operation of the wipers, this being

65

brought about in the following manner: As
soon as normal contact 29 of SR closes, a
circuit for test relay T is established traced
from ground tf‘lrough the right end winding

/

alternate contact 38, normal contact 39, and
the winding of T to battery, causing its en-

“ergization and the closing of its alternate

contact 40, thus establishing an operating
circuit for secondary magnet SM and its
generator.
from the generator operates said magnet to
step wipers 34, 35, and 36 into engagement
with the first set of contacts 41, 42, 43 of
the selected second group. Assuming the
first set of contacts lead to a busy second
selector D, the test contact 41 ‘thereof will
be grounded whereby a maintaining cireuit
for relay T -is provided traced from the

said grounded 8ontact 41, wiper 84, alternate ’

contact 44, alternate contact 45 and the
winding of Tto battery. As long ‘as test

wiper 34 is engaging a busy test contact 41,.

it will be seen that relay T remains energized,

so that magnet SM continues to advance the

wipers until an idle set of contacts -is
reached. - Assuming the set of contacts
shown as extending to second selector D are
the first idle set in the group, no busy po-
tential will be present at its test contact 41
so that the maintaining circuit for relay T is
interrupted, causing its deénergization and

whereby the wipers 84, 85, 36 remain in en-
gagement with the selected set of idle con-
tacts, : .

In order to prevent interference with any
established connections over which wipers
35, 36 may move during the trunk selecting
operation of the switch, their circuit is in-
terrupted at normal. contacts 46, 47 of
relay T. After the selection this relay de-
energizes as stated and the circuit of the

-calling substation is extended to an idle sec-

ond selector switch D in the thousand group,
which includes the line of the called substa-
tion. '

ary step of switch C its secondary off-nor-
mal contacts SON move to their alternate
position disconnecting magnet PM and in-

70

The first impulse of current .

75

80

85

9c

‘the interruption of the circuit for SM, -

10«

105

It will be noted that upon the first second- .

110

terrupting the initial energizing circuit for -
f -

relay T. .

Upon deénergization of relay T, normal
contact 44 is closed placing ground upon
the multiple contacts 41 connected to wiper
34, whereby an energizing circuit for relay

traced over test conductor 61, normal con-
tact 62, and the winding of RR* to battery,

115

RR* of secondary selector D is established,

120

causing its energization, whereby its alter-" -

nate contact 63 establishes a locking circuit
for it. This'gtound potential at 44, placed’

- upon multiple contacts 41 also renders them

unselectable by any other first selector.

The subscriber at A now operates calling’

device 1 to"effect three interruptions of the

circuit for relay PR and responsive to each .

ensuing dednergization thereof its normal
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alternate contact 80 and establishing a lock-
ing circuit for itself through normal con-
tact 85 to grounded test conductor 64. Al-
ternate contact 82 of relay SW is also closed
thereby disconnesting the primary magnet
PM* and connecting the secondary magnet
SM? to the primary conductor.

- The subscriber at A now operates his dial
to cause three operations of primary relay
PR, these operations corresponding in num-
ber to the last or units digit of the called
line number, whereby three impulses are
transmitted from impulse relay IR to
switch E followed by the retraction of the
armature of SR in a manner as previously
deseribed. The said last three impulses of
current are traced over the previously de-
scribed path including the upper or heavily
marked primary conductor to conductor 68
of switch E, alternate contact 82, normal
contact 83, the winding of SM? to battery
at. normal contact 84 The ensuing three
operations of SM? are effective to step
wipers 71, 72, 73 into engagement with the
third set of contacts 74, 75, 76 which are the
terminals of the called line.

Following the transmission of the last se-
ries of impulses, secondary relay SR re-
tracts its armature in a manner as previ-
ously described to effect a secondary circuit
change at switch E by the application of
ground through the right’end winding of
relay PR to the secondary conductor of

_switch E. This ground connection then ex-

35"
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tends over conductor 77, switch E, alternate

contacts 78, 79, normal contacts 85 and the.

winding of ‘switching relay SW’ to battery
causing its energization. Tts alternate con-
tact 85 is thereby closed establishing a lock-
ing ciréuit for itself over conductors 86, 87
6 ground at nlternate contact 88. Its nor-
mal contact 81 is also interrupted thereby
interrupting the locking circuit for relay
SW. icausing its deénergization. Also re-
sponsive to said energization of SW* its
altérnate contact 90 is closed to. connect
line test velay LT in civcuit with the test
contact T4 of the seized line. This circuit
is traced from wiper 71, alternate contact 91

 (relay BR having been energized over a cir-

cuit including normal contact 90 and alter-
nate primary off-normal contact 88 upon
the first off-norinal step of the .switch). the

lower winding ‘of LT, conductor: 97, alter. *

nate contactst 92, 90, conductors 86, 87 to
ground at s\ternate contact 88. Although

the initial energizing circuit for BR is in--

terrupted at normal contact 90 when SW* ig
energized, BR, being a slow-acting relay,
maintains its contact 91 closed until a sub-
stitute energizing circuit for BR is estab-
lished, providing' the called-for line is idle,
as will Ee described. . Returning now to re-

" lay LT, it will be noted that its lower wind-

65

ing has its terminals connected between

&

ground at alternate contact 91 and the wiper
L R ,
Up to this period the operation of switch’

E is the same whether connection has been

made with an idle or a busy line but after ..

this period the operation differs depending
upon whether the called line is idle or busy.:

70

Called line idle—Assuming ‘that the

called line is idle there will be no ground
or busy potential upon its test contact 74,
as indicated.in Fig. 1, part 3, so that upon
wiper 71 making connection therewith and
the circuit through the lower winding of .
relay LT closed by the closing of alternate -
contact 90 as described, an energizing cir-

cuit for LT is established over the said cir- ,

cuit including its lower winding, wiper 71,
contact 74, ON* and the winding of CO!
causing the energization of both relays LT
and CO%, the energization of GOt removing
the substation control of its line switch BZ,

Upon energization of LT, its alternate
contact 93 1s closed causing the energization
of relay H whose alternate contact 94 closes,
reéstablishing an energizing circuit for re-
lay BR thus maintaining its armafure at-
tracted. The closing. of alternate contacts
95%, 95°, of relay LT shunts the lower wind-
ing thereof, but a-maintaining circuit there-
for is established from battery through its
upper winding and the current reducing. re-
sistance 96, alternate contacts 95, 951, con-
ductor 97. alternate contacts 92, 90, conduc-
tors 86, 61, to ground at alternate contact
88. 'This ground connection is also extend-
ed through alternate contacts 952, 91 and
wiper 71 to the engaged terminal 74 main-
taining a direct ground upon this terminal

‘and its multiples and thus rendering the as-

sociated line unselectable by any other con-

nector. Also, upon the closure of alternate .

contact 93 of LT, a path for current through
relay FF is established including conductor

75
80.
85
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98, normal contact 99, the winding of FF

and interrupter I to battery. By the op-
eration of interrupter I, relay FI is peri-
odically energizéd thereby operating its
cratacts 100, 101 to alternately connect gen-
erator G and control relay CR in bridge of
the terminals 75, 76 of the called line. Upon
each connection of current from ringing
generator G the call bell at substation F is

-operat>d. the circuit therefor being traced

from tue upper terminal of generator G;
alternate contact 100, wiper 72, terminal 75,
over the line and through the condenser and-
call bell of station F, returning through ter-
minal 76, wiper 73, coniductor 102, alternate
cOngct 101, to the lower terminal of genera-
tor (5. - : :

Upon each retraction of the armature of
FF, relay CR is connécted in bridge of the
called line, this circuit being traced from
battery through the upper winding thereof,
alternate contact 103, normal contact 100, to -
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the terminal of the called line, while the

- other winding of CR is connected through

alternate contact 104, normal contact 101,
terminal 76 of the called line. Due to the
condenser included in circuit at the sub-

_station F while the receiver is on its switch

10

~hook thereby providing a path for direct -
- current over the called line.

15

20

25

hook, there is no path for direct current
for relay CR so that it does not energize
until the called subscriber answers the call
and removes his receiver from its switch

Thus, when
the subscriber at F removes his receiver in
response to a call and upon the following
degnergization of FF, a path for direct cur-
rent through control relay CR is provided
oyer the previously described path causing
i$ energization. "Therefore its alternate
contact 105 is closed maintaining relay RR?
emrergized as long as the receiver remains off
the switeh hook at substation F and relay
CR thereby energized. This prevents the
release of switch E until the called sub-
scriber replaces the receiver.

“Returning now to CR, the closure of its
alternate contact 106 is effective to prevent
another application of ringing current to

- the «alled line, also by the ensuing energi-

30

35

zation of relay CL causing the establishment
of a;talking circuit by the closing of alter-

‘nate’ contacts 107, 108. Responsive to said
-energization of CL alternate contact 109 is

closed establishing an energizing circuit for

disconnect relay DR which closes its alter--

nate contact 110-establishing a locking cir-
cnit for itself over conductor 87 to ground
at alternate contact 88.° Relay DR therefore

. Interrupts its normal contact 99 rendering

40

_relay FF inert and preventing any firther

application of ringing current to the termi-
nals of the called line. The two substations

_ are now connected dver a conversational cir-
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cuit including the heavily marked primary

and’ secondary conductors, a' condenser 111
being interposed in the primary conductor

at first selector. C while a condenser 111*
is interposed in' the secondary conductor at
connector‘E, these condensers being connect-
ed in circuit to prevent interference between
the control circuits of the respective sub-
stations. ~ 7 ‘

The -talking battery for the calling sub-
station is provided through the windings of
relay PR, -while talking battery for the
called substation is provided through the

winding of relay CR.

Release~After the subscribers have fin-
ished' conversation by rbplacing their re-
celvers upon their respective switch hooks
they may effect the release of the switches
used in- establishing the connection. The
release of the switches is preferably con-
trolled from both substations, that is, releage
of switches B, C and D is effected when the
calling subscriber replaces the receiver while

.replaces his receiver, the

1,197,089

the release of the connector E is effected.

when the called subscriber replaces his re-
cerver, - This ovder of release may, of course,
be varied. ‘
Assuming now, that the subscriber at F
i previously de-
scribed circuit through relay CR is inter-
rupted at the switch hook of station F
whereby said relay restores. Due to the in-

terruption of alternate contact 106 of CR,

relay CL is vestored closing its normal con-
tact 109 and thereby establishing an ener-
gizing circuit for release relay RR? through
alternate contacts 112, 118. Relay RR® is
therefore energized interrupting the cireuit
for RR* causing its restoration, but relay
RR® is maintained energized through nor-
mal contact 113 of RR? and -normal contact
88 to ground. The restoration of RR? and
consequent interruption of-its alternate con-
tact 92 effects the restoration of relays LT

and COY, and due to the interruption of al-.

ternate contact 93 of LT, relay H restores
disconnecting relay CR from the wipers and
by the interruption of its alternate contact
94 allows relay BR to deénergize. '

Returning now to RR?, due to the closing
of its alternate contacts 83, 84, magnet SM?
is connected in circuit with the alternating
current generator 114 whereby the wipers
are advanced in a secondary direction as al-
ready described causing their restoration
and the restoration of the off-normal con-
tacts. As soon as contact 88 of PON2 ye-
stores to normal, relays SW*, RR?, and DR
restore, as it will be remembered these
relays were held energized over.circuits in-
cluding said grounded contact 83. Upon
restoration of RR? its normal contact 653
is again closed and as test conductor 64 may
still be grounded from second selector D),
RR? again becomes energized but this is
only incidental and has no effect upon the
switch at this time.

The cut-off relay CO* of switch B! having
been restored, the line of substation F is

available for use in establishing other con- -

nections.

Upon the subscriber at A replacing his
recerver, the circuit for relay PR is inter-
rupted causing its restoration and, the inter-
ruption of its alternate contuct 24. Although
the interruption of alternate contact 24 opens
the high voltage path for current through
relay MRR, alternate contact 25 thereof
being closed there is still a flow of cur-
rent through the second of low voltage path
including high resistance R, but this is not
sufficient to maintain the armaturée ofirelay

MRR attracted. Said armature thereforve

restores interrupting. alternate contact 25
and thus allowing the release relay RR to
restore.

Upon the closing of normal contact 45 of
RR, a cirenit for relay T is established
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traced from battery through the winding of
said relay, normal contact 45, alternate con-
tact 27 normal contact 22 to ground. Re-
lay T therefore closes its alternate contact
40 effecting an operating circuit for magnet
SM whereby the wipers are advanced to
effect their release in a manner as previ-
ously described, also causing the off-normal
switches to be restored. Upon the interrup-
ticn of alternate contact 27 of PON, the cir-
cuit for relay T is intorrupted causing its
denergization and the interruption of the
circuit for SM.

It will be noted that upon the closing of

novmul contact 22 and the release operation
st described, ground is connected through

alternate contact 27, conductor 28, and the
winding of SR to battery causing the energi-
zation of SR, but this has no effect upon the
release of switch C as relay SR again re-
stores when the alternate contact 27 of PON
is interrupted.

Another incidental operation may occur
when the calling subseriber replaces his re-
ceiver for- release purposes, this being an
application of ground over the primary con-
duector. This 1s brought about in the fol-
lowing manner.  Upon restoration of PR
its normal contact 24 closes, and as relay RR
maintains its armature in an attracted posi-
tion for an instant after restoration of PR,
ground will be conunected through alternate
contact 30 of RR, normal contact 24, alter-
nate contact 31, and relay IR to battery,
causing a momentary energization thereof
and causing a short application of ground
through its alternate contact 82 to the pri-
mary conductor- This ncidental applica-
tion of ground to the primary conductor in
the present embodiment of my invention, is
effective to cause a primary step .of con-
nector It (if said connector was released by
the called subscriber before-the calling sub-
seriber replaces his receiver) but thereafter
if said connector E is so operated, it is au-
tomatically restored. This incidental op-
eration of connector E is brought about as
follows: The ground impulse to the primary
conductor follows a path over conductor 68
of switch E, normal contacts 69, 70 and PM?,
to battery, causing a primary step of the
wipers 71, 72, 73, leaving the switch off-
normal until released as will be described.

Returning now to switch C, upon the said
releasing energization or operation of relay
T, its normal contact i-,A: is interrupted dis-
connecting ground from test wiper 34
whereby  the locking ecircuit’ for RR! of
switeh D is interrupted causing its vestora-
tion. A releasé cireuit is thus closed for
relay T* traced from ground at alternate
contact 115 of PONY, normal contact 60

- through winding of T* to battery. Its alter-

nate contact 58 is thereby closed establishing
an energizing circuit for SM* whereby the

AE

wipers are advanced and the restoration of
switch D effected in 2 manner as previously
described. It will be noted that while switch
D is restoring a ground or busy potential is
connected to test conductor 61 due to the
closing of normal contact 116 of relay RRY,
this being removed when alternate contact
62 of PON? is interrupted. Switch D hav-
ing been restored is available for use in es-
tablishing other connections.

Now as to the restoration of switch B3,

this is effected upon restoration of switch C
due to the interruption of alternate contact
23 of PON, this bringing about the restora-
tion of relay LR which has been held ener-
gized through this alternate contact 23.
Upon restoration of LR its normal contazt

70
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80

13 is closed connecting ground through alter-

nate contact ON and the winding of CO to
battery. Thus relay LR being deénergized
and relay CO energized, both retaining
pawls'7, 8 are disengaged from the ratchet
6 allowing the wipers to be rvestored. Upon
restoration of contact ON the civenit for CO
is interrupted causing its deinergization
whereby switch B is at normal and avail-
able for use in extending other connections.

Connector B it will be remembered was
incidentally stepped one point off normal,
and relay RR? thereof was energized over
the civeuit including the grounded test con-
duetor 64 But, upon,the removal of this
ground due to the interruption of normal
contact 59 of relay %, switch D, relay RR?
restores energizing relay RR? and causing
a restoring operation of switch ¥ from the
incidental operation. ‘

In the previous description of the release
operation it was assumed that the subseriber
at the called substation- was the first to re-
place the receiver upon. its switch hook. We
will now trace the release operation under

the assumption that the subscriber at the

calling substation was the first to replace
the receiver followed by the replacing of
the receiver at the called substation. In
such a case relay PR deénergizes upon re-
placing the receiver at substation &, caus-
ing a restoration of the switches C; B and
D 1n a manner as previously described. In
this instance the connector switch is not
affected because its release relay RR? is ener-
gized over a path including grounded alter-
nate contact 105 of relay CR, said relay CR
being maintained energized over the calling’
line. * Therefore, when the subsecriber at sub-
station T replaces his receivér, relay CR
restores to normal followed by the\deéner-
gization of RR?, while due to the interrup-
tion of alternite contact 106 of CR, relay
CL restores.
of RR* relay RR® energizes closing a- ciry
cuit throagh SM? whereby the wipers ate
automatically restored in a manner as previ-
ously described. Also, upon restoration of
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RR?, due to the interruption of its alternate
contact 92, relays LT and CO* restore, the
restoration of alternate contact 93 of LT
causing the restoration of relay H followed
by the restoration of BR as before described.
Upon restoration of PON2, relays DR and
SW?* are restored whereby the switeh being
at normal is available for further use in es-
tablishing other connections.
. The restoration of CO* of line switch B!
restores the substation control of its line
switch whereby the line is free to be used in
establishing other connections. :
Called line busy.—~In the previous descrip-
tion it wasassumed that the called line was
idle upon connection made therewith. It
will now be assumed that said line is a busy
line upon connection being made therewith,
in which case its test terminal 74 will have
a ground or busy potential connected: there-
to "either from alternate contact 13t of
switch B if the line be calling, or from the

- grounded test wiper 71 conmnected to mul-
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. ground. The subscriber at A in response to
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tiple of terminal 74 it the line be a called
line. .

It will be remembered that followirtg the
last. secondary - circuit change, relays RRz,
SW* and BR were in an energized condition
and the closing of alternate contact 91 of
relay BR had connected the lower winding
of line test relay LR in circuit between
ground at alternate contact 88 of PON? and
test wiper T1 and terminal 74 Tt will be re-

.membered also that upon connection with

the idle line relay LR was energized, but in
the present case there being ground or busy
potential upon test terminal 74, no ener-

gizing circuit for LT .of T is provided as
both  of

its terminals are connected to
ground, and it remains ‘inert. Therefore,
relay H is not energized so that slow-acting
relay BR restores closing its normal contact
117 connecting busy back BB through al-
ternate contact 70 and normal contact 82 to

‘the primary conductor. This busy tone fol-

lows a path back. over the primary conduc-
tor and out through the reeeiver of the call-
ing substation A then back over the lower
beavily marked primary conductor through
the right end winding of relay PR to

this signal knows that the wanted line is
busy and therefore replaces his receiver upon
its switchhook interrupting the circuit for
relay PR. Upon restoration of relay PR,
switches C, D, and B are restored in a man-
ner as previously described, and in the pres-
ent instanice switch E being off-normal is
also restored. This is brought about in the
following manner.  Upon the interruption
of normal contact 59, relay T* of switch D,
the energizing circuit for RR? is interrupted
(relay CR not having been energized) caus-
ing restoration of RR? whereby its normal
contact 113 is clofed connecting ground from

“to find an idle trunk.

1,197,989

alternate contact 88 through the winding of
RR? to battery. Relay RR® closes its alter-
nate contacts 83, 84 establishing an operat-
ing circuit for SM? as before, whereby the
wipers are advanced effecting the restoration
of switch E in a manner as previously de-
scribed. Upon - interruption of alternate
contact 88 relays RR® and SW* are restored
and switch E being at normal is available
Tor use in establishing other connections. 5
‘In connection with line switch B, means
are provided to indicate to the ealling sub-
scriber when such switch has not been able
For instance if
all of the trunks leading from contacts 17, 30
18, 19 are busy, their test contacts 19 will
be grounded causing the switch to step to
the last set of contacts 17, 181, 19*. There
being no ground connected to terminal 19,
relay CO immediately deénergizes but re- 85
lay LR maintains its armature attracted due
to its slow acting construction so that upon
the closing of normal contacts 10, 11 of CO,
a locking cireuit for LR is established from
ground through busy back BB, terminal 184 9g
wiper 12 over the calling line, returning to
wiper 9, contact 17%, contact 191, wiper 16,
alternate contact 20, and winding of LR to
battery. A characteristic signal is thus
transmitted from BB over the path just de- 85
scribed whereby the subscriber at A receiv-
ing such signal knows that all of the trunks
are busy and therefore replaces his receiver
upon its switch hook. The circuit for LB

“being thus interrupted, it restores to normal 100
“closing an energizing circuit for CO ag be-

fore, and relay LR being deénergized and
CO energized, both retaining pawls 7,"8 are
disengaged from ratchet wheel 6 and the
wipers restore to normal. Upon restoration 105
of ON, relay CO is deénergized.
Several alternating currént generators
are illustrated, these being used for eflecting
the operation of certain of the motor mag.
nets, but it is to be understood that these 11g
genevators may be all one and the same hut
have been shown in this manner to simplify
the drawings. Also a number of batteries
are shown in different parts of the draw-
ings but it is to be understood that these 115
may be one and the same batteries, and those
terminals which are shown connected to
ground, in practice would be connected to
the grounded terminal of the battery..
While T have embodied my invention wn 126
what'is known as a complete automatic tele-
phone system, it is dppirent that my in-
vention is by no. means limited to such a
system. and furthermore while T have em-
bodied it in circuits for controlling switches 126

of certain characteristics, my invention is

_not limited to such particular switches. Also

many changes and modifications will be ap-
parent, and therefore I do not desire to he
limited to the structure as shown and de- 1se
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scribed but aim to cover all that which
comies within the spirit and scope of the
appended claims, o

Having described my invention, what I
claim as new and desire to secure by Let-
ters Patent is:- o

1. A telephone system including an auto-
matic switch, a metallic control circuit for
said switch including a primary relay en-
ergized by current over said metallic ¢ircuit
and responsive to rapid interruptions there-
of, a quick-acting release relay having an
energizing circuit closed responsive to the
initial energization of the primary relay and
interrupted responsive to said primary relay
operations, a second energizing circuit of
comparatively low current value and contin-
uous flow for said release relay, and means
for closing it and holding it closed during
the period of said interruptions of its first
said circult, and. operating and release

means for ‘said’ switch controlled by said -

_ primary and release relays.
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2. A telephone system including an auto-

Jmatic switch, a metallic control circuit for

said switch including a primary relay en-
ergized by current over said metallic circuit
and responsive to rapid interruptions there-
of, a quick-acting release relay having an
energizing circuit closed responsive to the
initial energization of the primary relay and
interrupted responsive to said primary relay
operations, a second energizing circuit of
comparatively low current value and contin-
uous flow for said release relay and means for
closing it and holding it closed during the
period of said interruptions of its first said
circuit whereby its armature is maintained
attracted during such interruptions, operat-

-ing means for said switch responsive to said

primary relay operations; release means for
said switch rendered ineffective while said
release relay has its armature attracted, and

‘means for causing a prolonged interruption

of said metallic circuit whereby ‘said pri-

"tnary and release relays are vestored and
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said release means rendered effective.
3. A telephone system comprising a metal-

lic- circuit ~ telephone  line, an automatic

switch, a primary relay energized by current
over said line and responsive to rapid in-
terruptions of said metallic circuit, a quick-
acting release relay having a high current
value energizing circuit closed responsive to
the initial energization of the primary relay
and irterrupted responsive to said primary
relay operations, a secand energizing circuit
of comparatively low current value and con-
tinuous flow for said release relay and means
for felosing it and holding it closed during
theyperiod of said interruptions of its high
cuyrent value circuit, and operating and re-
legse means for said switch controlled by
said primary and release relays respectively.

'4. A telephone system comprising a metal-

“sive to said primary relay operations, a seec-

iR E

lic circuit telephone line, an automatic
switch, a primary relay energized by current
over said line and responsive to rapid inter-
ruptions of said metallic circuit, a quick-
acting release relay, means for closing an
energizing circuit for said relay responsive
to the initial energization of the primary
relay and interrupting said circuit respon-

70

ond energizing circuit of comparatively low 75
current value and continuous flow for said
release relay and means for closing it and
holding it closed during the period of said
interruptions of its said first cireuit, driving
mechanism for said switch operated respon-
sive to said primary relay ‘operations, and
release means for said switch jointly con-
trolled by said primary and release relays.

5. A telephone system comprising a metal-
lic telephone line, a primary relay energized
by current over. said line, an automatic
switch, a ‘quick-acting release relay ener-
gized responsive to said energization of the
primary relay, said energizing circuit for
the release relay being over a low resistance
path, means for causing rapid interruptions
of said metallic cirenit to cause similar oper-
ations of said primary relay whereby said
low resistance energizing circuit for the re-
lease relay is rapidly interrupted, a second
comparatively high resistance energizing

)

85

90

95

-circuit of continuous flow for said release

relay and means for closing it and holding
it closed during the period of said interrup-
tions of its said low resistance circuit, and 100
operating and release means for said switch
controlled by said primary and release re-
lays respectively. :

6. A telephone system comprising a rietal-
lic circuit telephone line, an automatic 105
switch, a primary relay energized by current
over said line and responsive to rapid inter-
ruptions of said megallic circuit; a quick-
acting release relay having a low resistance
energizing circuit closed responsive to the 110
initial energization of the primary relay and
interrupted responsive to said primary relay
operations, a second comparatively high re-
sistance energizing circuit of centinuous
flow for said release relay and mesns for 115
closing it and holding it closed during the
period of said interruptions of its low re-
sistance circuit, and operating and release
means for said switch controlled by said pri-
mary and release relays respectively.

7. A telephone system including an auto-
matic switch, a metallic control circuit for
said syitch including a. primary relay ener-
gized Py current over said metallic circuit
Ssponsive to rapid interruptions there- 1238
primary driving mechanispi for said
switch responsive to said primary relay op-
erations, a quick-acting secondary relay hav-
ing an energizing circuit elosed responsive to-
sald primary relay and interrupted respon- 180

120
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sive to said primary relay operations, a sec-
ond energizing circuit of comparatively low’
current value and of continuous flow for
said secondary relay and means for closing
it and holding it closed daring the period of
said interruptions of its first said circuit

-whereby its armature is maintained attract-

ed during such interruptions, said armature
being retracted upon cessation of said pri-
mary relay operations to effect a secondary
circuit change for said switch,

8. A telephone system including an auto-
matic switch, a metallic control circuit for
sald switch including o primary relay ener-
gized by current over said metallic cireuit
and responsive to rapid interruptions there-
of, primary driving mechanism for said
switch responsive to said operations of the
primary relay, a quick-acting secondary re-
lay having an energizing circuit closed re-
sponsive to said primary relay and incer-
rupted responsive to said primary relay op-
erations, a second energizing cirenit of com-
paratively -low current value and of con-
tinuous flow for said secondary relay and
means for closing it and holding it closed
during the period of said interruptions of
its first said circuit whereby its armature is
maintained attracted during such interrup-
tions, said armature being retracted upon
cessation of said primary relay operations
whereby a secondary circuit change is ef-

. fected, means for causing a secondary oper-

ation of said switeh responsive to said sec-
ondary circuit' change, and means for re-
storing said switch.

9. A telephone system including an auto-
matic switch, a metallic control circuit for
said switch including a primary relay ener-
gized by current over said metallic circuit
and responsive to rapid interruptions there-
of, primary driving mechanism responsive
to said primary relay operations, quick-act-

ing release and secondary velays each hav-

‘ing an energizing circuit periodically closed

through contacts of said primary relay
while operating, a second energizing circuit

of comparatively Jow current value and con-
tinuous flow for each of said release and;

secondary relays and means for closing if
and holding it closed during the period df
said interruptions of their first said circuits,
whereby said relays maintain their apfa-
tures attracted, said secondary relay being
adapted to retract its armature upon cessa-
tion of said primary relay operations to
effect a secondary circuit change for said

switch, and release means controlled by said

release relay.

*10.. A :telephone -system, including sub-

- scribers’ metallic telephone lines, automatic

- switches for.making,connection between said

lines, a primary relay responsive to rapid

. variations of current in the line of a calling -
“subscriber, a secondary quick-acting relay

1,187,089

having the continuity of its cireuit broken
responsive to the vapid operations of said
primary relay, and a low current value main-
taining cireuit for said secondary relay, said
majntaining cireuit being continuous and
preventing the deénergization of said sec-
ondary velay during the period of opera-
tions of said primary relay.

11. A telephone system, including sub-
seribers’ metallic telephone lines, automatic
switches for making connection Between
said lines, a primary relay responsive. to
rapid variations of current in the line of a
calling subscriber, a secondary quick-acting
relay having two cireuits, one of said cir-
cuits being of high current valne and broken
by the rapid operations of said primary re-
lay, and the other cireuit being of low cur-

-rent value and of continuous How~during .

the period of said operations, so' that said
secondary relay is maibtained energized
during said period. ‘ :

12. A telephone system, including sub-
scribers’ metallic telephone lines, automatic
switches for making connection between

said lines, a primary relay responsive to .

rapid variations of current in the line of a
calling subscriber, a secondary quick-acting

- relay having two circuits, one of low resist-

ance und the other of high resistance, the
low resistance circuit being broken by the
rapid operations of said primary relay, and
the high resistance circuit being of continu-
ous flow during the period of said opera-
tions, so that said secondary relay is not de-
energized until after the primary relay has
operated. '

13. A telephone system, including sub-
scribers’ metallic telephone lines, automatic
switches for making connection between
said lines, & primary relay responsive to
rapid variations of current in the line of a
calling subscriber, a secondary quick-acting
relay having two .circuits of different cur-
rent values, one of said circuits being of
sufficient value to energize said secondary
relay but being broken responsive to the
operations of said primary relay, and the
other circuit being of continuous flow dur-
ing the period of operation of said primary
relay and insuflicient value to energize said
relay, but sufficient to maintain it energized
during said broken periods in the first men-
tioned cirecuit. o

14. A telephone system, including sub-
scribers’ metallic telephone lines, automatic
switches for making connection between said
lines, a primary relay responsive to rapid
variations of current in the line of a calling
subscriber, a secondary gwick-acting relay

having two energizing circsits, one a vibrat- -

ing energizing circuit responsive to the op-
erations of said primary relay, and the cther
a continuously energizing cireuit, said cons
tinuous circult being “only oF en ciaht,
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strength to maintain said secondary relay
energized when assisted by said vibrating
circuit. - :

15. A telephone system, including sub-
scribers’ metallic telephone lines, automatic
switches for making connection between said
lines, a primary velay responsive to rapid

variations of current in the line of a calling

subscriber, means controlled by said pri-
mary relay for giving said switches a pri-
mayy movement, a secondary quick-acting
relay having a high resistance and a low
resistance path for current, said low resist-
ance path being interrupted responsive to
the operations of said primary relay, but
said high resistance path having current of
continuous flow for maintaining said second-
ary relay energized during the period of said
Interruptions, and means operative when
said secondary relay is deénergized for giv-
ing said switches a secondary movement.

16. A telephone system, including sub-

scribers’ metallic telephone lines; automatic
switches for making connection between said
lines, a primary relay responsive to rapid
variations of current in the line of a calling
subscriber, a. quick-acting release relay hav-
ing the continuity of a low resistance cir-
cuit thereof broken responsive to the rapid
operations of said primary relay, and a high
resistance maintaining circuit for said re-
lease relay, said maintaining circuit being
of continuous flow and preventing the de-
energization of said release relay during
the operations of said primary relay.
- 17 A telephone  system, including sub-
scribers’ metallic telephone lines, automatic
switches for making connection between said
lines, a primary relay responsive to rapid
variations of current in the line of a calling
subscriber, a quick-acting release relay hav-
ing two circuits, one of said circuits being
of low resistance and broken by the rapid
operations of said primary relay, and the
other circuit being of high resistance and
of continuous flow during the period of said
operations, so that said release relay is main-
tained energized during said period, and a
release circuit for said switch controlled
by said release relay.

18. A telephone system, including sub-
seribers’ metallic telephone lines, antomatic
switches for making connection between said
lines, a primary relay responsive to rapid

variations of current in the line of 4 calling

subscriber, a quick-acting release relay hav.
ing two circuits of different current values,

one of said circnits being of sufficient value

to energize said release relay but being
broken responsive to the operations of said

primary relay, and the other cireuit béing

of continuous flow but of insufficient value
to energize said relay, but sufficient to main-
tain it energized during said broken periods
in the first mentioned circuit, and a release

LER

circuit for said switch controlled by said
release relay.

19. A telephone  system, including sub-
scribers’ metallic telephone lines, automatic
switches for making connection between said
lines, a primary relay responsive to rapid
variations of current in the line of a calling
subscriber, a quick-acting release reiay hav-
ing two circuits, one a vibrating circuit re-
sponsive to the operations of said primary
relay, and the other a continuous flow cir-
cuit, said continuous circuit being only of
sutlicient strength to maintain said release
relay enérgized when assisted by said vi-
brating circuit, and a release cireuit for said
switch controlled by said release relay.

20. A telephone system including an auto-
mati®switch, a metallic control cireuit for
sa.d switch including a primary relay ener-
gized by current over said metallic cireuit
and responsive to rapid interruptions there-
of, a quick acting release relay for said
switch, means for closing an energizing cir-

70
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cuit for said release relay, said cirenit being -

rapidly interrupted responsive to said pri-
mary relay operations, a second energizing
circuit of comparatively low current value
and continuous flow for said release relay,
and means for closing it and holding 1t
closed during the period of said interrup-
tions of its first cirenit so as to maintain the
armature of said release relay attracted, and
operating and release means for said switch
controlled by said primary and release re-
lays.

21. A telephone syst-u including an auto-
matic switch, a metallic control circuit for
said switch including a primary relay ener-
gized by current over said metallic cireuit
and responsive to rapid interruptions there-
of, a release reluy, means for closing an en-
ergizing circuit for said release relay, said
release relay having its said energizing cir-
cuit rapidly interrupted responsive to said
primary relay operations, a second energiz-
Ing circuit of comparatively low current
value and contiriuous flow for said release
relay, and means for closing it and holding
it closed during the period of said inter-
raptions of its first closed circuit whereby
its armature is maintained attracted during
such interruptions, operating means for said
switch responsive to said primary relay op-
erations, release means for said switch ren-
dered ineffective while said release relay has
its armature attracted, and means for caus-
ing a prolonged interruption of said metal-
lic circuit whereby said primary and release
relays are restored and said release means
rendered effective.

22. A telephone system comprising a me-
tallic circuit telephone line, an automatic
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switch associated therewith, a primary re- -

lay energized by current over said line and
resporsive to rapid interruptiong of ‘said

130
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metallic circuit, a release relay, a high cur-
rent value energizing circuit closed respon-
sive to said primary relay and rapidly in-
terrupted responsive to said primary relay
operations, a second energizing cireuit of
comparatively low current value and of con-
tinuous flow for said release relay with
means for closing it and holding it closed
during the period of said interruptions of

its high current value circuit, and operating"

and release means for said switch controlled
by said
tively.

93. A telephone system including an au-
tomatic switch, a metallic control circuit for

- said switch including a primary relay ener-

bo
[#13

35

40

gized by current over said circuit and re-
sponsive to rapid interruptions thereof, pii-
mary driving mechanism responsive to said
primary relay operations, release and sec-
ondary relays, energizing circuits for said
last twe relays periodically clased responsive
to said. primary relay operafions, a second
energizing circuit of comparatively low cur-
rent value and continuous flow for each of
said release and secondary relays and means
for closing and holding closed during the
poriod of said  interruptions of their first
said circuits, whereby said relays maintain
their armatures attracted, said secondary re-
lay being adapted to retract its armature
upon cessation of said primary relay opera-
tions to effect a secondary circuit change for
said switch, means whereby a prolonged in-
terruption of said control circuit causes the
detnergization of said primary and release
relays to eanse the release of said switch.
24, A-control circult for automatic switehes
cowmprising a primary or impulse relay, a
second relay, an energizing cireuit for said
second relay responsive to said primary re-
lay whereby said second relay attracts its
armature, means for rapidly interrupting

~the circuit of said primary relay whereby

58
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it interrupis said energizing circuit of the
second relay accordingly, a second energiz-
g cireuit of continuous flow for said. see-

“ond relay of itself not suflicient to hold the
armature thereof attracted, means for clos-

ing this second eirenit and holding it closed

‘during the period of interruptions of the

first said circuit thereof whereby the arma-
ture of said second relay is inaintained at-
tracted during said interruptions, and cir-
cuits controlled by each of said relays re-
spectively. e

. .
25. A . control - cirellit = for 7 automatic

-switches comprising”s/ primdry’ or impulse
relay, a second relay; a high current. value

energizing circuit for said second relay re-
sponsive to said primary relay whereby said
second relay attracts 1ts armature, means
for rapidly interrupting the circuit of said

primary relay whereby it .interrupts said. .
energlzing aiveutt of said second relay ac-

;

primary and release relays respec- -

1,197,989

cordingly, ‘a low current-value energizing
circuit of continuous flow for said second
relay of itseif not sufficient to hold the
armature thereof attracted, means for clos-
ing this low current-value cirenit and hold-
ing it closed during the period of interrup-
tions of the high current-value circuit"
whereby the armature of said second relay
is maintained attracted during said inter-
tuptions, and circuits controlled by each of

70

‘sald relays respectively. .

. 26. A telephone system including sub-
scribers’ telephone lines, automatic switches
of the two-motion type for completing con-
nection between said lines, a primary relay
responsive to rapid variations of current in
the line of a calling subscriber, a secondary
relay provided with two ecircuits one of low
resistance and the other of high resistance,
the low resistance cirveuit being broken by
the rapid operations of the said primary
relay and the high resistance cireuit being
of continuous flow during the period of said
operations, means controlled by the oper-
atlons of said primary relay for controlling
one of the wotions of said switches, and

80

85

ga

- means controlled by the said secondary re-

lay for controlling the second motion of
sald switches. , _

27. In a telephone system an automatic 98
switch of the two-motion type for extend-
ing & connection from the line of a calling
subscriber in the direction of the line of the
called subscriber, a primary relay for said
automatic switch responsive to eurrent va- 100
riations in the line of the calling subscriber,

a secondary relay having two cireuits one

of low current consumption and the other

of high currvent consumption, the low cur-
rent path being interrupted by the oper- 105
ations of the said primary relay and the
high current path being of continuous flow
during the period of said operations of the
primary relay, means controlled by the said
primary relay to control one motion of said 110
switch and automatic means controlled by
the secondary relay for controlling the sec-
ond operation of said switch.

28. In a telephone system a calling sub-
scriber’s line, an automatic switch accessible 115
to said calling subseriber’s line, said auto-
matic switch being of the two-motion type
and provided with means for operating the
said switch in one direction to elect a group
of trunk lines and means for opgrating the 120
said switch in another directigh to auto-
matically select a trunk line i the electdd
group, a primary relay responsive to cur-
rent variations in-the ealling subscriber’s
line for controlling the said first motion and 125
a secondary relay for certrolling the second
motion of said switch the said secondary
relay being provided with two circuits, one
of low resistance and the other of high re-
sistance, the low rvesictanes pivenit hejng 14%-
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broken by the rapid operations of said pri-
mary relay and the high resistance circuit
being of continuous flow during the period
of said operations of the said primary re-
lay. '

29. A telephone system comprising a pri-
mary relay an energizing circuit therefor,
an automatic switch, secondary and release
relays, each of said last two relays having

high and low current-value energizing ecir-

cuits, the low current-value cireuits being
of continuous flow and not sufficient by
themselves to hold the armatures of the ro-

17

lays attracted, means responsive to rapid
operations of the primary relay to render
the two said circuits of each relay effective
S0 as to maintain their armatures attracted
during the period of operations of the pri-
mary relay, to operate said switch.

Signed by me. at Chicago, county of
Cook, and State of Illinois, in the presence
of two witnesses.

CHARLES S. WINSTON.
Witnesses: .

M. R. Ro,cxménm, L
G. E. Muerier.
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