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To atl whom it may concern.:
Be it known that I, Frep W. Lyre, a citi-

-zen of the United States, residing at Lynn,

county of Kssex, State of Massachusetts,
have invented certain new and useful Im-
provements in Electric Bignaling, of which
the following is a specification.

My invention is useful in eleétric signal-
ing and for other purposes, and comprises
in particular an arrangement for operating
selectively a given signal device, or a given
number of devices.of & group. o

The element boron and, to a lesser extent,
the. element silicon, possess the characteris-
tic of opposing a high resistance to an elec-
tric current up to a certain voltage, this
value' depending on the purity, shape, size,
ete., of the resistor. When. the voltage ex-
ceeds this value, the resistance breaks down,
or falls suddenly in value allowing & com-
paratively large current to pass. This prop-
erty is probably due to the heat generated at
a given voltage exceeding the heat radiated,
whereby the accumulation of heat rapidiy
lowers the resistance. In accordance with
my invention this property of electrical
hreak-down resistance is ptilized in a sys-
tem of signaling in such & manner that an
electrical signaling current or impulse may

be transmitfed simultaneously to a number

of ' receiving points each of which, or any
selected group of which, act selectively to

.. respond to cuirents of a predetermined
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voltage only. In other words any one sta-
tion on & Jine common to a number of selec-

" iive stations may transmit a signal fo any
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other given station without affecting the
other stations.

In the accompanying drawings, Figure 1
illustrates my 1nvention as applied to the
operation of a 1umber of signaling stations
connected across one pairv of conductors, and
Figs. 2 and 3 illustrate a modification suit-

able for operating a large number of sta-.
“tions. .
The signaling stations A, B and C, shown"

in Fig. 1 as conneécted across lines 1, 2, are

represented as having relays. suitable for
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closing the contact in another electrical cir-
cuit 8, 4 as indicated, but, of course, any

type of signaling device may be employed, |

the relay devices being illustrative only.

Each device is provided with differential or’

gron resistof or similer break-down de- |

legosing coils 5, 6. In series with a coil 5 is
a

vice T, connected to the line 2; in series with-
coil 6 is a resistor 8 also conmected to the
line 2. The coils 5, 6 are connected in com-
mon by conductor 9 to the line 1. Various
desired voltages may be impressed across
lines 1, 2 by tapping across sections ofithe
resistances 10 connected to a storage battery
11 or other convenient source in a manner
similar to that employed in the poten-
tiometer. - The resistors 7, 8§ of station A
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‘break down at slightly different values of -

voltage, for example, at 4 and 6 volts respec-
tively.

The resistors’ of station B, 7/, 8/,

break down at higher voltages; for example,

8 and 10 volts respectively, and in like man:
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ner the resistors of station C break down at ™

successively higher values. The desired
breal-down voltages may be secured by as-
seciating with boron some other modifying
element as described in Weintraub U, S.
Patents Nos. 1,019,568 and 1,019,569, or by
operatinig the resistor in contact with cool-
ing plates of varying size as disclosed in &
copending application No. 307405, filed
Julv 13, 1909, by E. Thomson. It will be
‘seen that when a signaling current of say
five volts is impressed across the lines 1, 2,
that the resistor 7 will break down without
breaking down the resistance of resistor 8,
or any of the other resistors of stations B
and, O. -The armature of the receiving de-
vice, therefore, will be attracted at station A

.only.” Should it be desired to operate a sig-

nal at station B without affecting the other
stations, a voltage of siy nine volts is im-
pressed across the lines 1, 2 which, of course,
‘will break down the resistance of both the

-deviges 7 and 8 of station A sending a cur~

rent through the opposing windings 5 and.6.
As fhe magnetic effects in these windings
neutralize each other. the receiver at station
A will uot be affected. - At station B the re-
sistance device 77 will break down but not
the resistance device 8. A current will
therefore pass through winding 5” only.
therebv operating the signal. Neither of
the resistance devices at station C will be
broken down as each of them break down at

voltages greater than nine volts, therevore,
: -108

the signal at this station will not be oper-
ated. Tt will thus be seen that a signal can
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be operated at any one station by impressing -

a predetermined voltage actoss the lines 1, 2
and thus passing current through a prede-
termined combination of resistorE - Of
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‘course, if it should be desired to operate a

signal at several stations simultaneously,
these stations should be provided with re-
sistors which bresk down at the same volt-
age. - The same ides can be extended to any

‘number of stations by providing sufficient

- vVoltage range both in the break-down re-
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sistors. employed and in_the potentiometer
or whatever other mesns:is tsed to furnish
the signaling curvent. . = ‘
When 1t-1s destred to operate a greater
number of stations, on 2 circuit of Hmited
voltage than could be conveniently done in
systern sueh-ds has just:been deseribed
without too great refinement of differences
i break-down veltage, s system such .as
illustrated in ¥igs. 2 and 8 will be found
siitable, Three wires 12,
tween the stations. Only: two stations M
and I have been illustrated in Fig. 2 in
detail, but 2 greater number are indicated
in Fig."3. The signaling devices here illus-
trated, comprise a magnetic core 15 having
& leg 16 which has considerably  higher
magnetic reluctance than the legs 17, 18.

~Hpon the leg 17 are wound opposing wind-

ings 19, 20, each of which is connected across
the lines 12, 13 in series with a resistor con-
tairiing boron, or other material having a
shirp break-down voliage characteristic.
Desired voltages may be impressed across
the lines 12, 18 and 13, 14, by the resist-
anee and battery 28, the signal being re-
ceived in any well-known way, as by tele-
phone receiver 24. Let it be assumed that
the resistors 21 and’'22 in sefties with wind-
ings 19 and 20 of station M break down at
20 and 40 volts respectively. In like man-
ner the resistors in series with the coils un
the lower leg of the cores of stations N and
O break down at the same voltage values.

Tet it also be assumed that the resistors 25,

and 26 in series with the opposing coils 27
and 28 on the upper leg of the core of sta-
tion M break down at 20 and 40 volts re-
spectively; the resistors 25" and 26" of sta-
tion N break down at 60 and 80 volts re-
spectively; the resistors 25" and 26’ of sta-
tion OO break down at 100 and 120 volts re-

spectively. In that case, when a current of

30 volts 1s impressed across lines 12, 13, one
of the coils on the lower leg of the core of
each of the receiving devices M, N, and O
is energized. However, because of the high
reluctance of the middle leg of each core,
the magnetic flux will practically all pass
through the outer part of the core and no
signal will be received at any of these sta-
tions. When, however, a currvent of 30 volls
18 impressed across lines 13, 14, the coil in
series -with the resistor 25.which breais
down at 20 volts wili be energized thereby
generating 2 magnetic flux in leg 18 which

opposes the flux from the lower leg 17 of

the core, thereby causing some fux to pass

18, 14 are run be-

100 and 120 volts respectively. W
desired to convey g signal to station X, a
-current of 70 volts is tripressed across lines
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through the middle leg 18, consequently in-

 ducing. & signaling current in the coil
wound thereon. When a current of say 70

volts is impressed across lines 13. 14, both
of the opposing coils on the upper leg of
the core of station M are energized; their
magnetic fluxes neutralize each other and
no opposing flux is therefore generated in
the core at station M. However, only the

"coil in series with resistor 25" breaking down

at 60 volts receives current at station N and
therefore the opposing fluxes in the lower

Fand. upper legs of the core at this station

causes o flux tO pass through the middle
leg 16" and a current to be induced as al-
ready explained. Neither of the resistors
on the upper leg of the core of the receiv-
ing device at station O are broken down and
conditions at this station are therefore un-
changed. It will, therefore, be seen how a

-signal may be conveyed tc any one of a

number of stations in like manner. A sec-
ond group of stations X. Y, and % may be
provided with resistors in series with the

‘coils on the lower leg of the magnetic core

of the signal devices, and designed to break
down at 60 and 80 volts réspectively. The
colls on the upper leg ave-in series with re-

gistors which break down at graded volt-

ages for example, those of station X at 20
and 40 volis respectively; those at station Y
at 60 and 80 volts; those of station 7 at
When it is

12, 18 which will cause one of the coils
on the lower leg of each of the recelving
devices of stations X, Y, and Z to be en-
ergized. At the stations M, N, and O, how-
ever, both of the opposing coils on the lower
leg of each core are energized and iheir
magnetic fluxes neutralize each other
When, therefore, a signaling current of say
30 volts is impressed across lines 13, 14, a
signal is received at station X and at none
of the other stations as this is the only sta-
tion where magnetic fluxes oppose each
other in such manner as to force the flux
through the high reluctance leg of the core.
At station M, one coil on the upper leg of
the core is energized, but at this station the
coils on the lower leg of the core are both
energized and their magnetic fluxes neu-
tralize each other. The flux from the apper

leg will not be met by an opposing flux and,

thervefore, will not pass through the middle
leg. In a like manner, a signaling current
may be sent to any other station of the sec-
ond group by impressing an appropriate

 valiage across the lines 13, 14 and-causing

one coil on the upper leg of the corg of the
receiving device. at one of the stations fo
be energized. The other stations will have
either both their resistors in series with
newtralizing coils broken down, or else

70

8¢

85

90

95

190

105

1l0

1is

128



10

15

20

25

. having opposing coi

30

35

40

45

- having the
resistance when a current having a voltage
‘greater than a predetermined value is im-
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neither will break down. It will be seen
how by the arrangenent shown in Figs, 2
and 3 a great numher of stations may be
handled on a commo:  line without too great
refinements of break down resistance value.

T wish it to be understood that my refer-
ence to boron as a material suitable for a
registor having a sharp break-down charac-
teristic is illustrative only. The resistor
may, contain other elements and may thus
be modified.

What T claim as new and desire to secure

"by Letters Patent of the United States, is:—

1. In a selective electric signaling devi'ce,
the dombination of a Flurality of resistors
roperty of greatly lowering in

pressed thereupon and means responsive to
the passage of current through a predeter-
by a signal may bé indicated, :

2. In a selective electric signaling device,

-mined combination of said resistors, where-

- the combination of a plurality of resistors

having predetermined "differing breakdown
resistances and a magnetic indicating device
§ in series respectively
with said resistances. - '

3. In a system of signaling, the combina-
tion of selective devices each of which com-
prises a plurality of boron resistances of un-
equal resistance break-down characteristic,
means for impressing upon said devices a
current of desired voltage, and means re-
sponsive. to a predetermined combination of

.breakdown condition of the resistors associ-

ated with each sélective device, .
4. The combination of a plurality of sig-
naling stationshaving paired boron-contain-

ing resistors, the members of each pair dif-

fering in vesistance with respect to each
other, means for delivering from any of said
stations to the other stations a current of de-
sired voltage, and means at each station re-

spousive to the breakdown of the resistance

¥

of a predetermined combination of said re-
‘sistors.

5. In a system of signaling, the combina-
tion of paired boron resistors differing in
break-down resistance, means responsive to
the passage of current through a predeter-
mined combination of said resistors only
and means distant from said resistors for
delivering a current of desired voltage to
said paired resistors. - - , '

6. The combination of a plurality of cir-
cuits, means for impressing currents of de-
sired voltage across said circuits, a plurality
of signal-receiving stations on said circuifs
each having a inagnetic core, paired differ-
ential coils connected across said circuits and
-wound on opposite legs of said cores in a
direction to generate opposing fluxes, resis-
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tors having a definite break-down resistance

in series with each coil, the resistors of each

netic path of high reluctance in magnetic
shunt to the legs of the core on which said
coils are wound, and means for detecting a
change in the magnetic flux of said high re-
luctance path,

© 7. The combination of a plurality of sets
of signaling stations, a magnetic indicating
device for each station containing codperat-
ing magnetic members, means for energizing
simultaneously one of said members of each
device in any set by a current of predeter-
mined voltage, and means for energizing at
will'a concting magnetic member of any pre-
determined station of the same set by a cur-
rent of predetermined voltage and thereby
transmitting the desired signal by the com-
bined action of said members at said station,
. In witness whereof, I have hereunto set
my hand this 19th. day of August 1911.
‘FRED W. LYLE.

s

© Witnesses: ,
Fraxnk G, Harrig,

RoserT SHAND,
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pair differing in break-down value, a mag-
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