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~ To all whom it may concern:
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Be it known that I, Arraur R. KAHL,
citizen of the United States, residing in
Rochester, in the county of Monroe and
State of New York, have invented a new
and useful Improvement in Telephone Sys-
tems, of which the followmg is a specifi-
cation.

My invention relates to improved means
for connecting and disconnecting manual
and automatic telephone exchanges, and is,
therefore, concerned with the usual mech-
anism involved in the operation ot automatic
telephone apparatus.

In operating automatic telephone systems, -

the common practice is to employ metallic
circuits and to send impulses from one end

“of the line, usually the subscriber’s station,

to the automatic apparatus located at the

-exchange, first over one line conductor for

_ operating one part of the automatic appa-:
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manual evchange to said trunk line.

ratus, and then over the other conductor for
establishing a relation for selecting the re-
quired condition on the mext qppamtus,
which selection is accomplished by again
sending impulses over the first conductor,
and so on, these impulses effecting a selec-
tion at the central office of the connection
desired by thescalling subscriber. At the
close of the conversation, by means of re-
placing the receiver on the hook switch, im-
pulses are sent over one or both line con-
ductors s1multaneously according to the sys-
tem used, which im
tus at the central exchange for clearing out
and returning to normal condition all of the
selecting apparatus that has been previously
operated. The apparatus-employed in auto-
matic exchange work, on account of the me-
chanical work it necessarily does, is usually
of comparatively heavy construction, and is

_therefore not as sensitive or rapid in .its:

operation as apparatus commonly employed
in manual exchange work. It1s.often neces-
sary to connect py means of trunk lines from
a manual telephone exchange to an auto-
matic exchange, and in the trunk c1rcu1t
thus used it is desirable to provide for re-

-storing the automatic apparatus, by the mere

act of taking down the connection at the
In the
past this result has been ‘lccomphshed by

.using a multiplicity of ordinary ekegtro-
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magnetic mechanisms, or by the use of auxil-
iary mechanical devices, the result in either

Specification of Letters Patent.

ulses opers ‘ate appara- .

Patented Sept. 5, 1911.

Application ﬂled‘July 16, 1907. Serial No. 384,087.

case being to give a Suﬂiclent length of im-

pulse on disconnecting from such trunk line

to positively release and restore to'its nor-
mal condition the automatic apparatus pre-

.viously operated to make connection with

the desired automatic exchange subscriber.

- It is the object of my invention to make
tise in a trunk .connection of the character
described, of ordinary electro-magnetic tele-
phonic relays, and to reduce the number of

these devices to a minimum without reduc- |
|ing the length of impulse imparted to the

conductors extending to the automatic ap-
paratus, when the connection with the trunk
line is taken down.

It 1s also an object of my invention to
eliminate any and all auxiliary mechanical
devices that have heretofore been used in
this connection to effect the proper.length
of releasing impulses. -

It is a further object of my invention to
produce an electro-magnetic device capable
of use in electrical systems generally which
shall be sé arranged and connected as to
have a natural rate of deénergization of

longer time interval relatively than the time

interval required for the energization of

such device, without in any way impairing

the sensitiveness or speed of energlzatlon of
such device,

The several drawmgs Hlustrating my in-
vention are as follows:

Figure 1 shows in diagrammatic view all
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of the electrical connections and apparatus

essential to the operation of my invention.

 Fig. 2 shows in somewhat more’ diagram-

matic view the complete connection between -

a subscriber to the manual exchange.and a
subscriber to the automatic e\chanfre when
connection  is propelly established for con-
versation. Figs. 3 and 4 are detailed views
showing partlcular embodiments of my in-
vention which will be explained: later.

Similar letters refer to similar” parts
throughout the several views..

Referring to Fig. 1, when a subscriber to
the manual exchange ’desires connection he
removes his receiver 5 from the hook switch
2 thereby .closing a circuit throngh such
hook switch and primary winding 3 of his
induection coil as follows: crlounded side of
battery B, wire 17, non- inductive winding n
of line relay 7, contact 13, line wire 8, trans-
mitter 1, primary Wmdmg 3, hook switch 2,
line wire 9, contact 14, energlzmg Wlndmg
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of line relay 7%, wire 16, back to battery B.
This energizes line relay +! and closes a cir-

. cuit as follows: grounded side of battery
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B, wire 17, contact 15, line lamp «, wire 16,

back to battery B and thus the signal lamp-

a is lighted, indicating to the operator that
the subscriber corresponding thereto desires
connection. The operator thereupon inserts
plug p in answering jack j, the tip 20 and
sleeve 21 of such plug making contact re-
spectively with tip and sleeve springs 10
and 11. Sleeve 21 of the plug p makes con-
tact at the same time with ring 12 of the
answering jack, closing a circuit as follows:
grounded side of battery B, wire 17, wind-
ing of cut-off relay =, ring 12, sleeve 21,
contact 27, winding of sleeve relay 3, wire
47, back to battery B. Thus the cut off
relay 7 is energized and connection with bat-
tery B is cut off from the line wires 8 and
9 at contacts 13 and 14 respectively. Sleeve
relay 7 is also operated at this time closiug
coritact 19 for a purpose to be described
later. Tip supervisory relay »* is also en-
ergized at this time, current taking the fol-
lowing path: grounded side of battery B,
wire 46, winding of tip supervisory relay 72,

" contact 80, contact 26, tip 20, spring 10, lire
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wire 8, transmitter 1, primary winding 3,
hook switch_2, line wire 9; spring 11, sleeve
921, contact 27, winding of relay 7%, wire 47,
back to battery B. Thus both relays »* and
7% are energized which maintains contact 18
open and prevents the supervisory lamp &'
from lighting.

The relays 72 and »* have armatures ex-
tending longitudinally thereof and substan-
tially parallel with their cores. Thesearma-
tures are arranged adjacent to each other,
as indicated in the drawings, and are sepa-
rated by a block of suitable material at-
tached to one of them. As 4 result, when

the armature of the relay #° is attracted the
~ contact 19 is closed and the armature of the

relay #2 is permitted to drop to a position
closing the contact 18. With the relay #°
still energized, if the relay #* is energized,
its armature is attracted, thereby serving to
open the contact 18. When the relay »* is
deénergized, whether the relay +* is ener-

-gized or not, the retracting spring attached
‘fo the armature of the relay »® serves to

move it to its unattracted position and serves
to move, as a result of the connections de-
scribed, the armature of the relay +* to the

position it would assume if attracted, as a

result.of which the contact 18 is opened.

" Yo order to ascertain the connection de-.

sired, the operator throws the combined
ringing and listening key % to the listening
position which closes contacts 28, 29 and 31
and: breaks contact 30 and establishes a cir-
cuit as follows: tip 20 of plug p; contact
26, contact 19, contact 28, condenser 40,
secondary winding 43, receiver 45, contact

1,002,277

99, contact 27, sleeve 21 of plug p, which
places the operator’s regeiver in circuit with
the calling subscriber. The operator’s talk-
ing circuit is as follows: battery B?, trans-
mitter 41, primary winding 42, back to bat-
tery B2 Thus the operator ascertains the
connection desired and on learning that the
galling subscriber desires to communicate
with a subscriber connected to the auto-
matic exchunge, plugs into one of the truhk
jacks j* with the plug p* if the trunk con-
nected with such jack is idle, which fact is
indicated by the condition of the busy lamps
a® associated with the multiple jacks-j* con-
nected to such trunk line. For such posi-
tion of the plug p', tip 22 and sleeve 23 make
contact respectively with tip and sleeve
springs 49 and 50 by the spreading of which,
contact 51 is closed and a circuit is estab-
lished as follows: grounded side of battery
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B, wire 46, wire 48, contact 51, winding of

relay %, resistance n', wire 47, back to bat-
tery B. - Thus relay 7* is energized and con-
tacts 52 and 58 are made and contacts 54,
55 and 56 are broken. - The closing of con-
tact 52 completes a circuit as follows:
grounded side of battery B, contact 52, wire
3, through the busy lamps a2, o* in parallel,
wire 74, wire 47, back to battery B. Thus
busy lamps a® are lighted indicating that
this particular, trunk is busy. The opening
of contacts 55 and 56 cuts off drop ¢ from
the conductors 67 and 68. The functions
performed by the other contacts operated by

relay 7 will be explained later. The oper--

ator at the-manual exchange now throws key
%' so0 as to open circuit the cord and connect
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the selecting keys %? and %2 to the sleeve and -

tip 23 and 22 respectively. The operator
now sends the proper number of impulses by

-one of these keys as &* which by closing con-
tact 39 establishes the following circuit:

from the grounded side of battery B,
ground G, ground G, wire 46, contact 39,
contact 84; tip 22, spring 49, wire 67, wind-
‘ing of the relay 7%, contact 66, contact 65,
back to battery Bt. This relay #° is the re-
lay that is adapted to operate the first or
vertical magnet of the first. selector switch
of the automatic mechanism; this magnet
is not shown and neither are any of the
mechanical parts connected with the auto-
matic exchange indicated since these parts
are well understood in the art and form
no part of this invention; only such parts
of the automatic  exchange are indicated
in connection with this drawing and speci-
fication .as are essential to the descrip-
tion of this particular invention, which does
not ~consist in operating an automatic ex-

c¢hange but does, in this embodiment, consist.
in effecting the operation of the so-called re-.

lease magnet of such exchange, which mag-
net is well known in the art and ‘performs
functions which are also well knowr ; there-

105

1i0

115

120

125

139 .



10
15
20
- 256
30
35
40

15

60

65

‘and %%
50

1,002,277

fore its energization and deBnergization is
believed to be sufficient to indicate the resto-
ration of the mechanism of the antomatic
exchange to its initial condition after hav-
ing been operated. Similarly the other re-
lays indicated as a part of the automatic ex-
change apparatus may perform other func-
tions additional to those indicated on .this
drawing and in this specification without
necessitating a description of such apparatus
and operations, since they form no part of
this invention, and since the functions of all
of these relays are well known in the art
and call for no explanation. Thus it will
be seen that the operation of the relay r*
serves to operate the first automatic selector
switch in one direction, usually vertically,
as desired, according to the number of im-
pulses sent by the key %%, - When the desired
position in this direction is reached, key /%*
is depressed closing contact 38 and estab-
lishing a circuit as follows: grounded side
of battery B?, ground G, ground G, wire 46,
contact 88, contact 35, sleeve 23, spring 50,
wire 68, winding of relay #°, contact 65, back
to battery B*. Thus relay #° which is
known as the rotary relay, 1s operated and
this relay, as is well known, besides closing
contact 64 operatés to move the first selector

in a second direction, usually a motion of-

rotation, which- continues until a connection
to the proper second selector switch is
secured. By the operation of the first selec-
tor switch just described, wipers 98 and 99

are. moved into contact with those contacts

C of the banks ef contacts of such selector
corresponding. to the impulses sent by the
operation of the key %* and at this same
time switches-95 and 94, known as side
switches, are moved in a manner well known,
to their right hand position for which posi-

.tion trunk conductors 67 and 68 are con-

nected by wires 112 and 111 with wipers 98
and 99 and thus to wires. 96 and 97 and

since these wires 96 and 97 lead to; the verti-

cal and rotary relays respectively of the
second selector switch, such second selector
may now be operated by means of keys %3
In the manner just described for
the - first' selector, any number of selectors
may be successively operated according to
the size of the automatic exchange and
finally “the particular connector switch at
which the desired subscriber’s. line termi-
nates is similarly operated and talking con-
nection is established: between the calling
and called subscribers as follows: winding
b of the repeating coil, condenser 3%, wind-
ing %, contact 27, sleeve 21 of plug p, spring
11, Tine wire 9, hook switch 2, primary wind-
ing g,"transmitter 1, line -wire 8, spring 10,
tip 20, plug p*, contact 26, contact 30, to
repdating coil 5. The other side of this re-
peating coil is connected as follows: wind-
ing b, condenser_33, winding &%, coptact 37,

sleeve 23, spring 50, trunk conductor 68,
switch 94, wire 111, wiper 99, conductor 97,
to and through the selector switches and

connector switch and thus to the called sub--

scriber, back to conductor 96, wiper 98, wire
112, switch 95, trunk conductor 67, spring
49, tip 22 of plug p?, contact 36, to wind-
ing b'; thus the two subscribers are con-
nected induectively through the windings &
and b of the repeating coil in the cord cir-
cuit. Current is supplied to the subscriber
connected with the manual exchange by the
circuits already traced through relay wind-

8
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ings 7% and 7* fronr battery B. In the modi- -

fication shown in Fig: 1 the subscriber con-
nected with the automatic exchange is as-
sumed to have local battery apparatus and
hence no battery connection is made to the

80

automatic end of the cord circuit indicated.

Should the operator move her key % to the
listening position during a conversation to
determine whether the connection is in use,
provision is made to prevent opening the
talking circuit which would otherwise occur
at contact 30, by the closure of contact 19
by the operation of relay 2, thus establish-
ing a second electrical path from tip 20

through contacts 26 and 19 to winding b.

When -the subscribers have finished con-
versing, the orerator at the manual ex-
change is informed of the fact by the man-
ual subscriber replacing receiver 5 on hook
switch 2 thus breaking contact between pri-
mary winding 3 and such hook switch and
opening the circuit through tip supervisory
relay 2. Thus contact 18 is closed and su-
pervisory lamp ! is lighted, current taking
the following path: grounded side of bat-
tery B, wire 46, contact 18, lamp «?, wire 16,
back to battery B.- In response to this signal
the operator withdraws the plug p from the
answering jack j, which opens the energiz-
ing circuit of relay », permitting the con-
tacts 13 and 14 to be closed, for which condi-
tion relay »* remains deénergized since the
energizing ¢ircuit is broken at hook switch
2 -and thus the line apparatus connected
with the manual exchange subscriber is re-
stored to its normal condition.- The operator
also withdraws the plug p' from the mul-
tiple jack 4* which first results in opening
contact 51. This does not, however, permit
the . relay 7 to become déénergized since a
second energizing path is established to bat-
tery B as follows: grounded side of ‘bat-
tery B, winding of relay °, contact 53, wind-

ing of relay 4, resistance n!, wire 47, back to -

battery B, and thus relay 7° is energized and
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centacts 57,58,59-and 60 are closed. Attention

is.called to the fact that this relay »° was
not operated during the time that the plug
p*'was in the jack ' for the reason that both
terminals of its energizing winding were

connected with the grounded side ciHhattery -

B, one terminal being connected directly

125

130
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with such terminal of the battery. while
the other terminal was connected through

contact 53, wire 75, contact 51, wire 48

and wire 46; immediately on closing con-
tacts 59 and 60, connecflon ‘is established
between ground G and frunk conductors 67
and 68 as follows: ground G, contacts 59
and 60, wires 69 and 70 to trunk conductors

- 68 and 67 respectively; thus relays #* and 7°

as well as the similar relays of the other
selector and connector switches operated, are
energized as their windings are connected

+with wires 67 and 68, the other terininals

being connected through contacts 65 and 66
with the sleeve or live side of battery B
These relays remain energized as long as this
grounded condition of the trunk conductors.
67 and 68 is maintained. The energization

of the relay »° closes contact 64 and estab-

lishes a circuit as follows: grounded termi-
nal of battery B', contact 64, energizing
winding of relay +7, back to battery B'.
Thus relay * which isknown as the private
or local magnet, is operated which closes
contact 61. Since relay 7 is operated at this
same time thus closing contact 63, a circuit
is closed ‘as follows: grounded terminal of
battery B!, contact 63, contact 61, energiz-

.ing winding of magnet 7°, back to battery
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energized in a manner similar

B Thus magnet 7%, which is known as the.

release magnet, is cnergized, which condi-
tion is maintained as long as wires 69 and
70 are grounded by the operation of relay 7°.

Since the apparatus used in automatic-ex- |

changes is generally of relatively heavy con-
struction, and since a number of selector
switches are usually operated in effecting a
connection, it is necessary that the release
magnet ¢ be energized for a considerable
time interval relatively, to permit the mech-
anism operated to return to its initial posi-
tion, which is secured by the arrangement of
the circuits used to deénergize relays-* and
75, ‘When the relay +° is energized by clos-
ing contacts 57 and 58 an external electrical

-path of low resistance is established between

the terminals of the cnergizing winding of

‘relay »4, which results in the deénergization

of siich relay #¢ but at a rate much slower
than its normal rate of energization due to
the fact that a comparatively good path is
provided for the flow of current induced
by the gradually decreasing magnetic flux
throngh the energizing winding of such re-
lay »%, which reacts upon such relay and
tends to maintain its energized- condition.
When this relay is finally deénergized it
opens contact 52 and thercby extinguishes
lamps %, «¢* and also opens contact .53
and closes contacts 54, 55 and '56. By clos-
ing contact 54 an external electrical path of
low resistance is established between the
terminals of the energizihg.winding of relay
7 as a result of which suchit'telay is de-

’Lo that just

described for relay ¢, and when such relay
7 is completely deénergized contacts 57, 58,
59 and 60 are opened, thus removing the
ground from the trunk conductors 67 and
68. Thus it will be seen that by utilizing 70
the reactive effect of the self induction of
the windings of relays 7 and #°, a considera-

ble time interval is secured betweéen the en-

ergization of relay »° (and the simultaneous
grounding of the trunk conductors 67 and 78
(8) and the deénergization of such relay,
although such deénergization is a direct re-
sult of the act that energized it, and as a re-
sult the magnet #° is energized for a corre-
sponding interval; such interval being of 80
sufficient length to permit the complete res-
toration of.the apparatus at the automatic
exchange to its initial condition, and this
interval may be made of suitable length by
modifications indicated in connection with 85
Figs. 3 and 4 if an interval different from
that secired by the showing of Fig. 1 is
necessary., 'The contact 57 1s provided in
connection with relay #° for the purpose of
maintaining such relay 7° energized while 90
the armature of relay-7* is falling away

“from contact 53 and making contact 54, the

energizing civenit during this interval being:

.as Tollows: grounded terminal of battery B,

winding +*, contact 57, contact 58, resistance 95
nt, back to battery B. This provides that
the relay #* shall not be prematurely de-
energized due to the opening of contact 53,
bat that. such deénergization shall take’ )
place only as a result of the closing of con- 100

‘tact 54 and the consequent 'slow release due

to the inductive action alréady described.

 If an automatic subscriber desires connec-
tion with a manual subscriber and the trunk

67, 68 should be selected by the automatic 105
exchange for compléting the connection to

the manual exchange, such connection is
completed from the  proper connector
switch by wires 109 and 110 and switches 94

“and 93, At the same time this connection 110

is effectéd, relay 710 of the selector shown in
Fig. 1 (which selector is adapted to be op-
erated only by impulses sent to the auto-
matic exchange over the trunk 67, 68)
Inown as the cut-off relay, is operated in a 118
manner well known for the purpose of pre-

‘venting the improper actuation of this se-

lector after the line thereto has been made
a part of a connection incoming at the.
manual exchange, since if this selector could 120
be operated at this time such incoming con-
nection would be broken at switches 94 and
95. When the connection just described
has been, established, the automatic -sub-
scriber sends an impulse over the line by 125
any suitable means not shown and operates
drop d. Replying to the signal thus given.
the operator inserts plug p* in the dfswer-
ing jack j* associited with the drop & and

‘thus energizes relay #* as already described 130
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v which closes contact 52 and lights lamps-cf,
«* s before described and also opens con-

- tacts 55 and 56 and thus.cuts off drop &

from the trunk conductors: The operator
b then ascertains- the -subscriber desired by

moving the listening key ‘as above described |
and then with the tip of: plug p tests in her |

multiple, the ring of the jack 4 correspond-
ing to the number of the desired sub-
seriber.  If this line is in use a connection
‘is established by a sleeve 21 belonging to a
-second cord similar to the one shown, from
battery B as already described for the first
- condition. Thus there is a difference of
15 potential between the ring tested and the
. testing tip 20 of the plug, which results in
‘a current flowing over the following circuit,
the key . being thrown into its listening po-

. sition at this time: grounded terminal of
20 battery .B, wire 46, tertiary winding 44 of
- the operator’s induction coil, contact 31,
contact 26, tip 20, ring' 12, common tie to a
second ring 12 in contact with sleeve 21 of
the plug in eontact with such ring, con-
tact 27 of such second cord; winding of re-
lay 7, wire 47, back to battery B. Thus a
current impulse is induced in the secondary

~ winding 43 connected in circuit with the
“operator’s receiver 45, which informs her
30 of the fact that the tested line is busy. At
" this time the cord circuit is broken at con-
tact. 30 and since relay #° is not eneérgized
‘and therefore contact 19 is open, the click
" caused by such current flow is not communi-
35 cated through the answering end of the plug
to the ear.of the calling subscriber, “If the
line tested is not busy, no click is pro-
duced since the only connection to the
rings of the line for such a condition is
through the energizing winding of relay »
directly to the grounded terminal of bat-
tery B. 1If the line is not busy the operator
inserts the plug p in the jack 7 of her multi-
- ple corresponding to the number of the sub-
45 gseriber desired, which energizes relay 7* in
- a manner already described; thus closing
contact 19 and permitting the armature of

25

40

" relay 72 to drop, thus closing contact 18 and

lighting lamp a*.. The operator then throws
her key % to its ringing position, which
opens eontacts 26 and 27 theéreby opening
the lcord circuit and . closing contacts 24 and
25, thus connecting generator ¢ with the tip
and sleeve 20 and 21 -and thus through
springs- 10 and 11 with line conductors 8
and 9 respectively, by which generator cur-
‘rept is conducted through the ringer 6 and
condenser 7 and thereby a signal is given to
the substation whereby the subscriber. is
called and removes the receiver 5 from hook
" switch. 2, thereby opening contact 18 and

extinguishing lamp @'-which ‘was lighted
. when plug » was inserted in-the jack 4.
- For this condition the talking circuit is as

50

55

65;.- already described» and the operation of the

Jector -switch

apparatus upon disconnecting is the same
including the grounding and restoring to
initial condition of the. apparatus at the
dutomatic exchange, as that already de-
scribed above, . _

In Fig. 1 the division line between the ap-
paratus at the manual and automatic ex-
changes is indicated by dotted line. z—v.

In Fig. 2 the completed connection from
the manual subscriber to the automatic sub-

=

70

78

scriber is diagrammatically shown and when ~

the manual subscriber is the calling sub-
scriber, the connection established between

the manual exchange and the called sub-
seriber 93 is as follows: winding ! of the.

repeating coil, condenser 33, winding b,
sleeve 23, spring 50, conductor 68, first se-
lector switch 90, conductor 97, second se-
91, connector switch 92,
through first. selectof switch 100 to sub-
scriber 93, thence back through first selector
switch 100, connector switch. 92, second se-
lector switch 91, conductor 96,. to and
through first selector switch 90, conductor
67, spring 49, tip 22, back to winding 5' of
the repeating coil. When the automatic sub-
seriber is the calling subscriber, this connec-

80

85

90

tion is established as follows: from sub-

scriber 93, through first selector switch 100,

second selector switch 101, connector switch -

102, ‘conductor 109,. through first selector
switch 90 .to conductor 68, spring 50, sleeve
23, winding 5* of the repeating coil, con-
denser 33, winding %, tip 22, spring 49, con-
ductor 67, through first selector. switch 20,
conductor 110, connector switch 102, sesond

95

100

selector switch 101, first selector switch 100, .

back to subscriber 98. The circuit from the
manual subscriber to the manual exchange
is the same for both cases as already de-
scribed for Fig. 1. . )

In Figs. 3 and 4 means are shown for se-

105

curing a shorter-or longer time interval re- -

spectively of operation of the release mag-

net 7° than that shown in Fig. 1.
Referring to Fig. 8, when plug p! is in-

serted ‘in jack 7', contact 51 is closed and

contacts 77, 78 and 79 are opened. As

a result of the closing of contact 51,
relay ‘r* is energized by the following
circuit: grounded terminal of battery B,
wire 81, contaet 51, winding of relay 7,

110~

115

resistance 7', back to battery B. As a .

‘result of the energization of relay 74, con-.

tacts 53, 80 and 84 are closed without, how-
ever, further operating the apparatus. At
the close of the conversation when the plug
p! is removed from the jack 7%, contact 51 is
broken and contacts 77, 78 and 79 are closed.

‘The closing of contacts 77 and 78 connects

conductors 67 and 68 respectively through
contacts 80 and 84 by wire 83 to ground .

120

125

The closing of contact 79 éstablishes an ex- -

ternal electrical path of low resistance be-

:tween the terminals of the energizing wind-
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ing of relay 7%, which operates to deéner-
gize this relay in the manner already de-
scmbed as ‘a result of which after the in-
ductive effect has ceased, contacts 53, 80 and
84 are opened and the connections of con-
ductors 67 and 68 to each other and to
ground G are broken. The closing of con-
tact 53 by the energization of relay o is for
the purpose of maintaining the energizing
circuit of such relay through wire 82 when
contact 51 is opened in order to prevent the
premature deénergization of such relay due
to .open circuiting its energumrr wmdmg
Thus an :ur'mfrement is provided in which
the interval of groundm(r of the conductors
67 and 68 is represented by the length of
time required for a single relay to be de-
energized.

In Fig. 4 a modification of the invention -

is shown involving-a interval of
grounding of conduictors 6
provided for Ly the apparatus shown in
Fig. 1. In this modification, when plug

is inserted in jack 7' contact 51 is closed, es-

tablishing the following circuit: grounded

longer

terminal of battery B, Sire 46, contact 51,

winding of relay 7%, resistance a, wire 47,
back to battery B. Thus relay +* is cner-
gized, contact 53 is closed and contact 54 is
broken. When the plug p' is removed
from the jack § at the close of the
conversation, contact 51 1is opened, but
the relay 7* is not deonerM/Ld since a second
energizing path 1s established as follows:
grounded terminal of battery B, contact 85,
winding of relay »%, contact 53, winding of
relay 74, resistance n!, wire 47, back to bat-
tery B. Thus relay #* is maintained ener-
gized and relay »'' is also energized, the
operation of the latter breaking.contact 85
which causes the energization of relay #° by
the following circuit: grounded terminal

of battery B, winding of relay +*, wire 86,

winding of relay 1, contact 53, winding of
relay 7%, resistance nt, wire :i7, back to bat-

tery B. The energization of relay » closes

contacts 57, 58, 59 and 60 with the following
results. The closing of contacts 59 and 60
connects conductors 67 and 68 together and
to ground @, through wires 70 and 69. The
closing of contact 58 establishes an external
electrical path of low resistance between
the terminals of the winding of relay 74,
thereby causing its deenermzatlon in the
manner ’lll‘e’ldV described in the other modi-
fications, as a result of which, contact 53 is
broken and contact 54 is cloqed The clos-
ing of contact 54 establishes through wire
88, an external electrical path of low re-
31stance between the terminals of the wind-
ing of relay s, thereby causing its de-

energization and the closing of contact 85,

which @#n turn establishes an external elec-
trical path of low resistance through wire
86 between the terminals of the winding of

7 and 68-than that’
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relay 7% thereby causing its deénergization
and the opening of contacts 57, 58, 59 and
60. The opening of contacts 39 and 60
opens the connection between conductors 67
and 68 and also the connections of these con-

70

ductors to ground G. The opening of con: -

tact 58 and closing of contacts 54 and 85 re-
stores the apparatus to its normal. initial
condition. Contact 57 is provided for main-
taining a closure of the energizing circuit of
relays #* and +° during the nterval of
opening of contact 53 so that such reiays
will not be prematurely detnergized but
will only be detunergized as a result of the
slow action due to the external paths es-
tablished between the terminals of the wind-
ings of such relays dlready described. In
the modification shown in Fig. 4 it will be
noticed a time interval of frroundlnﬂ of con-
ductors. 67 and 68 is prouded which is
equal to the time required for three relays
to be successively deénergized. Thus it will
he seen that means are pr0v1ded for secur-
ing any length of grounding of the trunk
conductors 67 and 68 as desired, since any
number of relays may be used in a series as
indicated in Fig. 4, and that the interval
thus secured is under : any condition a maxi-
mum possible without introducing mechani-
cal resistances or other undesirable elements
to prolong this interval,
the external electrical  paths used. to retard

the deénergization of the several relays may

be of any resistance as long as the paths
provided are sufficiently good conductors to
readily accommodate the current induced in
such relays by the decreasing magnetic flux
through their windings.

Tt will be understood that while' I have

shown my invention In use in connéction
with a trunk civeuit for the purpose indi-
cated in the above description, I do not limit
myself to this modification, but claim this
invention broadly as a means for effecting
by a single operation the closure and subse-
quent opening of an electric circuit and for
maintaining such closure for a maximum in-
terval with a minimum amount of electrical
apparatus invelved. -

What I claim i%:

1. In a telephone system, a manual ex-
change, an antomatic exchange, a source of
eleciuc energy. an electrical connection be-
tween such exchiinges, means for groundmo'
such connection and electro-magnetic mech-

anism adapted to be enelgved from such’

source of electric energy and adapted by its
deénergization fo limit the duration of such
grounded condition, such deénergization re-
qultmfr from closmv an external electrical
path between the terminals of an energizing
winding of such mechanism whereby the

It is obvious that -

78

8¢

90

100

105

116

115

120

125

natural rate of deénergization of such mech- ,

anism may be medifted.
2. In a telephone system, & manual ex-
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- change, an automatic exchange, a source of

10

15

20

electric energy, an electrical connection be-
tween such exchanges, means for grounding
such connection and electro-magnetic mecha-
nism associated with such manual exchange
and adapted to be energized from such
source of electric energy, the deénergization
of said electro-magnetic mechanism being
under the control of such manual exchange

‘and being adapted to limit the duration of

such grounded condition, such deénergiza-
tion resulting from closing an external elec-
trical path between the terminals of an en-
ergizing winding of such mechanism where-
by the natural rate of deénergization of such
mechanism may be modified.

3. In a telephone system; a mauunal ex-
change, an automatic exchange, a source of
electric energy, an electrical connection be-
tween ‘such exchanges, eléctro-magnetic
mechanism at the automatic exchange, means
for actuating said electro-magnetic mecha-

nism from such manual exchange, means for

26

:, 30

grounding such connection, electro-magnetic
mechanism at the manual exchange and
means for limiting the duration of such
grounded - condition consisting in the de-
energization of the latter electro-magnetic
mechanism said mechanism being adapted to
be energized from such source of electric en-
ergy, such .deénergization resulting from

"closing an external electrical path between

_ the terminals of an energizing winding of

36

such latter mechanism whereby the natural
rate of deénergization of such latter mecha-
nism is modified and the mechanism at such
automatic exchange previously actuated may

" be restored to its normal condition.
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-4, In a telephone system, @' manual ex-

‘change, an automatic exchangd, a source of

electric energy, an electrical connection be-
tween - such. - exchanges, electro- magnetic
mechanism at such autpmatic exchange,
means for actuating such mechanism from
such manual exchange, ' electro- magnetic
mechanism .at the manual exchange and
means whereby the severing of such connec-
tion between such exchanges operates to

- close an external electrical path bhetween the

terminals of ‘an energizing winding of the

latter electro-magnetic. mechanisin which is |

normally energized from such source, of
electric energy when such connection is
established, such path’ operating to deéner-
gize the mechanism at such manual exchange
whereby the mechanism at such automatic
exchange previously actuated may be re-
stored to its normal condition. C
5. In a telephone system, a manual ex-
change, an automatic exchange, an électrical

‘connection between such exchanges, a source

of electric energy at such manual exchange,

electro-magnetic mechanism at such manual’

exchange ‘adapted to be energized from such
source of electric energy, a second source of

4

electric energy at such automatic exchange,
electro-magnetic mechanism at such auto-
matic exchange in circuit with such electri-
cal connection and such source of electric
energy at such automatic exchange and
adapted to be operated therefrom and means
for closing a circuit between such connection
and the other termrinal of such last men-
tioned source of ele¢tric energy consisting in

‘the deénergization of the electro-magnetic

mechanism at such manual exchange result-
ing fromclosing an-external electrical path
between the terminals of an energizing

winding of such last mentioned electrosniag-..
_ S Sy

netic mechanism. . S
6..In a telephone system, a manual ex-
change, an automatic exchange, an electrical

70
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connection between such exchanges, a source -

of electric energy at such manual exchange,
electro-magnetic mechanism at such manual
exchange adapted to be énergized from such
source of electric energy, a second source of
electric energy at such automatic exchange,
electro-magnetic mechanism at such  auto-
matic exchange in circuit with such electri-
cal connection and such source of electric
energy at such automatic exchange and

" adapted to be operated therefrom and means

for closing a circuit between such connection
and the other terminal of such last mep-
tioned source of electric energy consisting in
two electro-magnetic devices, the first -of
which is adapted to close an external elec-
trical\path between the terminals of an en-
ergizing winding of the second and thereby
deénergize such second device, which- de-
energization is adapted to close an external
electrical path between the terminals of an

‘energizing winding of the first and thereby

deénergize such - first device, whereby the

previously actuated electro-magnetic mecha- -

nism at such automatic exchange may be re-
stored to its normal condition, ~

7. In a telephone system, a manual ex-
change, an automatic exchange, a source of
electric energy, an electrical connection be-
tween such exchanges, means for ground-

ing such -connegtion, electro-magnetic mech-.

anism adapted; to- be energized from such

“source of electric energy and adapted by its.

deénergization Eo limit the duration of such
grounded- condition, such  deénergization
resulting fromi short cireniting the termi-
nals- ‘of an' energizing winding of such
mechanism whereby the natural rate of de-

eniergization of such mgchanism “may be

modified. . -~ . . : S
8. In a telephone system, a manual ex-

change, an automatic exchange, a source of

electric energy, an electrical conmection be-
tween such exchanges, means for ground-
ing such connection and electro-magnetic
mechanism associated with such manual ex-
change and adapted to. be energized from

-such source of electric energy, the deénergi-
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zation of said electro-magnetic mechanism_
being under the control of such manual ex-’

ohange and being adapted to limit the du-
ration of such frrounded condition, such
deénergization rcsultm(r from short circuit-
ing the terminals of an energizing winding
of such mechanism whereby the mtuml
rate of deénergization of such mechanism
may be modified.

9. In a telephone system, a manual ex-
change, an automatic exchange, a source of
electric energy, an electrical connection be-
tween such exchanges, electro-magnetic
mechanism at the automatic exchange,
means for actuating said electro-magnetic
mechanism from such manual exchange,
means- for groundlng such connection; elec-
tro-magnetic mechanism at such manual ex-
change adapted by its deénergization to
limit the duration of such grounded condi-
tion said” mechanism belng adapted to be
enermzed from such source of electric
energy, such deénergization resulting from
short circuiting the terminals of an ener-

-gizing winding- of such ]atter mechanism

Whereby the natural rate of deénergization
of such latter mechanism is modified and the
mechanism at such automatic exchange pre-
viously actuated may be restored to its nor-
mal condition. .

10. Tn a telephorie system, a manual ex-

electric energy, an electrical connection be-
tween such exchanges, -electro-magnetic
mechanism  at such automatic e\chanm,,
means for actuating such pechanism flom
such manual e\ch'mtre. electro-magnetic
mechanism_at the manual e\chfln(re and
means whereby the severing of such con-
nection hetween such exchan’ges eperates to
short-circuit the terminals of an energizing
winding of the latter electro-magnetic mech-
anism which is normally enexfrl?ed from
such source of electric energy “when such
connection is established, such short circuit
operating to deénergize the mechanism at
such manual exchange whereby the mecha-
nism at such antomatic exchange previously
actuated may be restored to its normal ‘con-
dition.

11. In a telephone system, a manual ex-
change, an automatic exchange, an electrical
connection between such exclianges, a source

‘of eleciric energy at such manual exchange,

electromagnetic mechanism at such manual
exchange adapted to be energized from such
source ‘of electric energy, a second source of
electric’ energy at such automatic exchange,
electromagnetic miechanism at such auto-
matic ‘exchange in circuit with such elec-
trical connection and such source of electric
energy at such automatic exchange and
adapted to be operated therefrom and means
for closing a circuit between such connection
and the other termmal of such last men-
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tioned source of electric enérgy consisting in

the deénergization of the electro-magnetic
mechqmsm at such manual exchange result-

ing from short circuiting the terminals of an -

energizing winding of such last mentioned
electro-magnetic mechanism.

12. In a Lelephone system, a manual ex-
change, an automatic exchange, an electrical
connection between such exchanges, a source
of electric energy at such manual exchange,
electro-magnetic mechanism at such manual
exchange ddaptod to be energized from such
source of electric energy, a second source of
electric energy at such automatic exchange,
electro-magnetic mechanism at such auto-
matic exchange in circuit with such elec-
trical connection and such source of elec-
tric energy at such automatic exchange and
adapted to be operated therefrom and means
for closing a circuit bétween such connection
and the other termiinal of such last men-
tioned source of electric energy consisting
in two electro-magnetic devnces, the first of
which is dapted to short circuit the ter-
minals of an energizing winding of the zec-

ond and thereby deénergize such second de-

vice, which deenermzatlon is adapted  to
short cireuit the terminals of an ener gizing
winding of the first and thereby dee_nero'l/v

such first device, whereby the previously ac-

tuated electro-magnetic mechanism at such
automatic exchange may be restored to its
normal condition.

13. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of

electric energy, electro-magnetic mechanism

at such automatic exchange for operating
such exchange, means at such manual ex-
change for sending -impulses’ from such
source of electric .energy over such trunk
line adapted to operate the mechanism at
such automatic exchange to connect such
trunk line with the desired subscriber’s line
terminating at such automatic exchange,
electro-magnetic mechanism at the manual
exchange and means operated by taking
down such trunk line eonnection for auto-
matically energizing and deénergizing said
eleetro- mqgnetlc mechanism at such manual
exchange whereby the trunk line at the
manual exchange end is connected to and

then dlsconne(-ted from one terminal of such ,

source of electric energy.

14. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric energy, electro-magnetic mechanism
at such automatic exchange for operating
such exchange, means at such manual ex.

change for sending impulses from such

source of electric energy over such trunk line
adapted to operate the mechanism at such
automatic exchange to connect such trunk
line with the desired subscriber’s line termi-
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nating at such automatic exchange, electro-

magnetic mechanism at the manual ex-.

change and means operated by taking down
such trunk line connection for automatically

-energizing and - deénergizing said electro-

magnetic mechanism at the manual ‘exchange
whereby the manual exchange end of the

trunk line is connected to and then discon-
‘nected from one terminal of such. source of

electric energy and the mechanism at such
automatic exchange is restored to its normal
condition, o R

15. In a telephone system, a ‘manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges a source of

electric energy at such automatic exchange,

“electro-magnetic devices at such automafic
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exchange connected between the conductors
of such trunk line and one terminal of such
source of electric energy, keys at such man-
ual exchange for connecting either of such
trunk line conductors to the other terminal
of such source of electric. energy whereby
either of such electro-magnetic devices 'may
be operated as desived, a source of electric
energy at such manual exchange, electro-
magnetic devices in circuit with such second
source of electric energy adapted to be auto-
matically energized and deénergized when
connection with such trunk line is taken
down whereby such trunk line conductors
are simultaneously connected to and then
disconnected from: the other terminal of such
first source of electric energy. I
16. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric- energy at such automatic exchange,
electro-magnetic devices at such automatic
exchange connected between the conductors

of such trunk line and one terminal of sich

source of electric energy, keys at such man-
ual exchange for connecting either of such
trunk line conductors to the other terminal
of such source of electric energy whereby
cither of such electro-magnetic devices may
be operated as desired, a source of electric
energy at such manual exchange, electro-

‘magnetic devices in"circnit with such second

source of electric energy adapted to be auto-
matically energized and deénergized when
connection with such trunk line is taken
down whereby such trunk line eonductors
are simultaneously connected to and then
disconnected from the other terminal of such
first source of electric energy and the devices
in circuit therewith at such automatic ex-
change are operated to restore the mecha-
nism at such automatic exchange to its nor-
mal condition.

17. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devices at such automatic

2

exchange connected between the conductors
of such trunk line and one terminal of such
source of electric energy, keys at such man-
ual exchange for connecting either of such
trunk line conductors to the other terminal
of such source of electric energy whereby
either of such electro-magnetic devices may

70

be operated as desired, a second source of .

electric_energy, an electro-magnetic device
adapted to be energized from such second
source of electric energy, means for conneet-
ing a subscriber’s line terminating at such
manual exchange with such trunk line and
means whereby the disconnection of such
connecting means from such trunk line en-
ergizes such last mentioned device and sub-
sequently deénergizes the same by closing an
external electrical path between the termi-
nals of an energizing winding of sich de-
vice, such energization and deénergization
serving to -respectively connect the trunk
line conductors to and disconnect the samne
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from the other terminal of such first source

of electric energy and to maintain such con-
nection for a sufficient interval to operate
the electro-magnetic devices at such auto-
matic exchange whereby the mechanism of
such automatic exchange is restored to its
normal condition, .

18. In a telephone system, a manual ex-

change, an automatic exchange, a trunk line

for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devices at such automatic
exchange connected between the conductors
of such trunk line and one terminal of such
source of electric energy, keys at such man-
ual exchange for connecting either of such
trunk line conduetors to the other terminal
of such source of electric energy whereby
either of such electromagnetic devices may
be operated as desired, a second source of
electric energy, . electro-magnetic devices
adapted to be energized from such second
source of electric energy, means for connect-
Ing a subscriber’s line ferminating at such
manual exchange with such trunk line and
means whereby the disconnection of such
connecting means from such trunk line ener-
gizes such last mentioned devices and sub-
sequently detnergizes the same by closing
external electrical paths between the termi-
nals of energizing windings of such devices,
such energization and deénergization sery-
ing to respectively connect the trunk line
conductors to and disconnect the same from
the other terminal of such first mentioned
source of electric energy and to maintain
such connection for a sufficient interval to
operate the electro-magnetic devices at such
automatic exchange whereby the mechanism
of such qutomatic exchange is restored to its
normal condition.

19. In a telephone system, a manual ex-,

change, an automatic exchange, a trunk line
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for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devices at such automatic
exchange connected between the conductors
of such trunk line and one terminal of such
source of electric energy, keys at such man-
ual exchange for connecting either of such
trunk line conductors to the other terminal
of such source of electric energy whereby
either of such electro-magnetic devices may
be operated as ‘desired. a source of electric
energy at such manual exchange; a series
of electro-magnetic devices adapted to be
energized from such-second source of elec-
tric encrgy, means for connecting a sub-
seriber’s line terminating at such manual
exchange with such trunk line and means
whereby the disconnection of such connect-
ing. means from such trunk line succes-
sively energizes such devices at such manual

~exchange and subsequently deénergizes the
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same in the same order by closing external
electrical paths between the terminals of en-
ergizing windings of such devices, the ener-
gization and deénergization of the last de-
vice of such series serving to respectively
connect the trunk line conductors to and dis-
connect the same from the other terminal of
such first mentioned source of electric
energy, the interval of such connection be-
ing determined by the number of devices in
such series. o .

20. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devices at such automatic

" exchange connected between the conductors

40

‘of such trunk line and one terminal of such

source of electric energy, keys at such man-
ual exchange for connecting either of such

“trunk line conductors to the other terminal
- of such source of electric energy whereby
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either of such- electro-magnetic devices may
be operated as desired, a source of electric
energy at such manual exchange, a series of
electro-magnetic devices adapted-to be en-
ergized from such second source of electric
energy, means for connecting a subscriber’s
line terminating at such manual exchange
with ‘such trunk line, means for automati-
cally energizing the first device of such series
when such subscriber’s line is thus con-
nected with such trunk line, means whereby
the disconnection of such connecting means
from such trunk line establishes a second
energizing path for such first device where-
by a second one of such series is energized,
which in turn energizes the next one of such
series and so on each one of such series be-

- ing energized by the operation of the one

65

preceding it and means.whereby the ener-
gization of the last device of such series
deénergizes the first device of such series by
closing an external ‘electrical path between

-1,002,277

the terminals of an energizing winding of
such first device, which in turn similarly de-
energizes the second one of such series and
so on, each one of such series being de-

energized in this manner by the deénergiza-

tion of the one preceding it, the energization
and deénergization of the last device of such
sevies serving to vespectively conneet the
trunk line conductors to and disconnect the
same from the other terminal of such first
mentioned source of electric energy, the in-
terval of such connection being determined
by the number of devices in such series.

21. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line

for connecting such exchanges, a source of

electric energy at such automatic exchange,
electro-magnetic devices at- such automatic
exchange connected between the conductors
of such trunk line and one terminal of such
source of electric energy, keys at such man-
ual -exchange for connecting either of such
trunk line conductors to the other terminal
of such source of electric energy whereby
either of such electro-magnetic devices may
be operated as desired, a second source of
electric energy, an electro-magnetic device
adapted to be energized from -such second
source of electric energy, means for connect-
ing a subscriber’s line terminating at such
manual exchange with such trunk line and
means whereby the disconnection of such
connecting means from such trunk line en-
ergizes such last mentioned device and sub-

-sequently deénergizes the same by short-cir-

cuiting the terminals of an energizing wind-
ing of such device, such energization and
deénergization serving to respectively. con-
nect the trunk line conductors to and discon-
nect the same from the other terminal of
such first source of electric energy and to
maintain such connection for a sufficient in-
terval to operate the electro-magnetic de-
vices at such automatic exchange whereby
the mechanism of such automatic exchange
is restored to its normal condition.

22. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devices at such automatic

exchange connected between the conductors-

of such trunk line and one terminal of such
source of electric energy, keys at such man-

‘ual exchange for.connecting either of such

trunk line conductors to the other terminal
of ‘such source ofv-electric energy whereby
either of such electro-magnetic devices may
be operated as desired, a second source of
electric energy, electro-magnetic devices
adapted to be energized from such second
source of electric energy, means for connect-
ing a subscriber’s line terminating at such
manual exchangs with such tdunk, line and

‘means wheeeby the disconnection of such
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connecting means from such trunk line en-
ergizes such last mentioned devices and sub-
sequently deénergizes the same by short-
circuiting the terminals of energizing wind-

ings of such devices, such energization and

deénergization serving to ‘respectively " con-
nect the trunk line conductors to and dis-
connect the same from the other terminal of

such first mentioned source of electric en-

ergy and to maintain such connection for a
sufficient interval to operate the electro-
magnetic devices at such automatic ex-
change whereby the mechanism of such au-
tomatic exchange is restored to its normal
condition, S

- 23. In a telephone system,.a manual ex-
change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devicesat such automatic ox-
change copnected between the conductors of
such trunk line and one terminal of such
source of electric energy, keys at such manual
exchange for connecting either of such trunk
line conductors to the other terminal of such
source of electric energy whereby either.of

such electro-magnetic devices may he oper-’

ated as desired, a sourte of electric energy
«t such manual exchange, a series of electro-
magnetic devices adapted to be eirergized
from such second source of electrie energ.,
means for connecting a subscriber’s line ter-
minating at such manual exchange with
such trunk line and means whefeby the dis-
connection of such connecting means “from
such trunk line successively energizes stich
devices at such manual exchange and sub-

sequently successively detnergizes the same

in the same order by ishort civcuiting the
terminals of energizing windings of sucly.

devices, the energization and deénergiza-
tion of the last device of such series serving

‘to respectively - connect the trunk line con-

ductors to and disconnect the same from the
other terminal of such first mentioned
source of electric erergy, the interval of

such connection being determined by the

number of devices in such series. -
Z4. In a telephone system, a manual ex-

1L

change, an automatic exchange, a trunk line
for connecting such exchanges, a source of
electric energy at such automatic exchange,
electro-magnetic devices at such automatic
exchange connected between the conductors
of such trunk line and one terminal of such
source of electric energy, keys at such man-
ual exchange for connecting either of such
trunk line conductors to the other terminal
of such source of electric energy whereby
either of such electro-magnetic devices may
be operated as desired, a source of electric
energy at such manual exchange, a. series of
electro-magnetic ‘devices adapted to be en-
ergized from such second source of electric
energy, means for connecting a subscriber’s

line terminating at such manual exchange
with such trunk line, means for automati- )

cally energizing the first device of such se-
ries when such subscriber’s line is thus con-

nected with such trunk line, means whereby

the disconnection of such connecting means
from such trunk line establishes a second
energizing path for such first device where-
by the second one of such series is energized,
which in turn energizes the next one of such
series and so on each one of such series be-

ing energized by the operation of the one

preceding it and means whereby the ener-

gization of the last device of such series de-.

energizes the first device of such series by
short circuiting the terminals of an energiz-
ing winding of such first device, which in
turn similarly deénergizes the second one of
such series and so on, each one of such series
being deénergized in this manner by the de-

energization of the one preceding it, the en- -

ergization and deénergization of the last de-
vice of such series serving to respectively

connect the trunk line conductors to and

disconnect the same from the other terminal
of such first mentioned source of electric
energy, the interval -of such connection be-
ing-determined by the number of devices in

such series. v ,
: ARTHUR R. KAHL.
Witnesses: .
Cuartes E. Hacug,
Oscar M. LEerch.
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