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The invention aims to provide a simple and ef-
fective electron relay for breaking or. similarly
controlling electric circuits. The accompanying
drawings illustrate the embodiments of the in-

§ vention.

Fig. 1 is a vertical section of one type of relay,
of which Fig. 2 is a section on the line 2—2;

Fig. 3 is a vertical section of another type, of
which Figs. 4 and 5 are vertical sections on the

10 correspondingly numbered lines;

Figs. 6, 7, 8 and 9 are diagrams showing the
use of the relay in different circuits.

Referring first to Fig. 1, there is a cathode
above which is an anode 12, these being enclosed

15 in a sealed shell 3. These parts may be of any
usual or suitable design of construction, in which,
for example, the hot cathode emits a stream of
electrons to the anode. The space within the
shell or tube may contain gases such as mercury

29 vapor, for example, which are subject to ioniza-
tion.

A mechanical barrier is arranged to be moved
into and out of position to control the passage of
electrons. This has the advantage over the ordi-

o5 nary electrically controlled arrangement that it
can be used to stop the passage of current in a
shell containing mercury vapor or like gases
after the stream of electrons is established, which
cannot be done with the ordinary electrical con-

30 trol.

In Fig. 1, a shell 14 is arranged about the
“cathode or fllament containing openings in the
“line between the two electrodes, but closing the
‘réemainder of the space around the cathode. This

35- cathode shell is probably best made of iron or
other metal, though this is not theoretically es-
sential. A reciprocable shutter 15 is arranged
to slide to the right or left over the apertured
portion of the cathode shell {4 and has openings

40 DPlaced to register with those in the shell 14 or to
be moved wholly or partially out of register, when
the shutter is shifted to the right, so as to par-
tially or to completely cut off the passage of
electrons and the passage of current. The shut-

45 ter 15 may be mounted in various ways. It is
illustrated as mounted on the end of a spring 186,
the opposite end of which is fixed to the cathode

casing 14, A pole-piece 17 is carried by the spring

"' in line with a solenoid 18 arranged outside of

50 the relay shell 13, but in juxtaposition to the

pole-piece 17 so that the latter is within its mag- .

netic fleld. By means of the solenoid, therefore,
the shutter can be moved to the right or to the
left as desired.

55  An alternative arrangement is shown in Figs.

3, 4 and 5. The cathode 19 is located within an
annular anode 20 supported as shown from the
sealed shell 13 of the relay. A casing 21 surrounds
the cathode and has openings in its cylindrical
wall in the line between the two electrodes. It
is surrounded by a shutter 22 pivotally supported
at the top on the shell 21 and with openings cor-
responding to those through the shell. It is thus
adapted to be oscillated or rotated about the shell
and to open or close the passage way between the
two electrodes.

For operating the cylindrical shutter 21, va-
rious means may be used. As illustrated, the
shutter has a series of pole-pieces 23 arranged
around its lower edge and these are within the
magnetic fields of stationary pole-pieces 24 ar-
ranged externally to the relay shell and carrying
coils 25 through which alternating current is
passed. When the actuating current passes, the
shutter will be rotated, alternately opening and
closing a passage for the electrons.

The relay described may be used for controlling
various electric circuits and in various ways.
It is useful chiefly for low-cycle circuits, such
for example as circuits using 25 or 60 cycles; as
compared with radio circuits using from 500 to
10,000 kilocycles. To operate a 60 cycle circuit,
for example, the shutter of Fig. 1 would have to
make 3600 complete reciprocations per minute.
It may be made so light as to be worked at this
speed easily. In the design of Fig. 2, however,
it would only be necessary to operate the rotat-
ing shutter at 450 revolutions per minute.

Fig. 6 shows an arrangement for using the
relay to control the switching on and off of cur-
rent in a direct current circuit. The filament
{1 is connected to the positive terminal of the
load and the plate or anode 12 to the positive
side of the direct current supply. The control
of the circuit is obtained by moving the shutter
I5 to -either open or c¢losed position by means
of the magnetic fleld produced by the external
solenoid 18 which is supplied with current from
an auxiliary source such as a battery 26. The
circuit being opened or closed by a switch 27.

For similarly controlling an alternating cur-
rent circuit, the arrangement of Fig. 7 may be
used. There are two electron relays indicated
as a whole at 28 and 29 in order to permit the
current to flow during hoth the positive and the
negative parts of the cycle. One side of the
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alternating current supply is connected to the

filament of the relays 28 and to the anode side
of thé relay 29. The alternating current load
is connected to the anode of the first x_'ela.y 28
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and to the filament of the second relay 29. The
circuit is controlled by the simultaneous opening
and closing of the shutters in both relays. The
two solenoid coils 30 and 31 for actuating the
shutters are energized from a common battery
32 through a control switch 33.

The relay may be used also for converting a
direct current supply to an alternating current
supply, as shown in Fig. 8. Here the negative
side of the direct current supply is connected to
the filaments of both relays 34 and 35, and the
positive side of the direct current supply to the
center point of one winding of a transformer 36,
which has the respective ends of this winding
connected to the anodes of the two relays. The
current through the two relays is controlled by
opening and closing the shutters which are actu-
ated by the respective solenoids 37 and 38. The
solenoids are excited by impulses so timed that
when the shutter of relay 34 is in the open posi-
tion, the shutter of relay 3% is in the closed posi-
tion,

This allows an impulse of direct current to
flow through one half of the winding of the trans-
former 36 in one direction and, when the posi-
tions of the shutters, of the two relays are re-
versed, to flow through the other half of the
transformer winding in essentially the opposite
direction. The impulses in the primary winding
of the transformer 36 induce a voltage in the
secondary winding and appear on the latter as an
alternating current supply. The frequency and
the wave shape of the alternating current ap-
pearing at the secondary winding of the trans-
former are governed by the impulses of control
current supplied to excite the solenoids for the
respective relays.

The relays shown in Fig. 8 may be replaced by
relays of the rotary shutter type as shown in
Fig. 9 at 39 and 40. In this case, the rotating
shutters would run synchronously at speeds de-
pending upon the number of poles and the fre-
quency of the supply control voltage used fo en-
ergize the stationary pole-pieces 4 and 42. Both
shutters would rotate at the same speed. But,
they would be so positioned that when the shutter
of relay 39 is in the open position the shutter
of relay 40 would be in the closed position, and
vice versa. The alternate impulses of current
thus obtained through the two halves of the
primary winding of the transformer 36 would
induce an alternating current supply in the
secondary winding.

Various other modifications and applications
of the invention may be made by those skilled in
the art without departing from the invention
as defined in the following claims.

What I claim is:—

1. A gaseous conduction discharge device com-
prising a sealed envelope enclosing a thermion-
ically active cathode, an anode, an ionizable gas
and a barrier element enclosing said cathode
and isolating the same from the said anode,
the said barrier element being provided with g
plurality of openings adapted to permit the free
flow of electrons therethrough, a reciprocable
shutter element superposed over said openings
and means to mechanically operate said shutter
to periodically open and close the said openings
to thereby periodically interrupt the flow of elec-
trons from the cathode to the anode.

2. A gaseous conduction discharge device
comprising a sealed envelope enclosing a ther-
mionically active cathode, an anode, an ionizable

1,097,086

gas and means to periodically interrupt the flow
of electrons from said cathode to the anode,
said means comprising a shell surrounding and
isolating the cathode from the said anode, a plu-
rality of openings in said shell through which
electrons from the cathode may freely pass, a
superposed shutter element over said openings
and electromagnetic means to periodically op-
erate said shutter to close and open said shell
openings to thereby periodically interrupt the
flow of electrons from the cathode to the anode.

3. A gaseous conduction discharge device com-
prising a sealed envelope enclosing a thermioni-
cally active cathode, an anode, an ionizable gas
and means to periodically interrupt the flow of
electrons from said cathode to the anode, said
means comprising a shell surrounding and isolat-
ing the cathode from the said anode, a plurality
of openings in said shell through which electrons
from the cathode may freely pass, a superposed
shutter element over said openings and electro-
magnetic means disposed externally of said en-
velope to periodically operate said shutter to close
and open said shell openings to thereby periodi-
cally interrupt the flow of electrons from the
cathode to the anode.

4. A gaseous conduction device including a
sealed envelope having an ionizable gas, a ther-
mionically active cathode and an anode contained
therein, means to periodically interrupt the flow
of electrons from the cathode to the anode, said
means comprising a barrier disposed within said
container to completely isolate the cathode from
the anode, said barrier having a plurality of open-
ings therein to permit the free passage of elec-
trons therethrough and a superposed mechani-
cally operative shutter element for said openings
and means to periodically actuate said shutter to
open and close said openings thereby periodically
interrupting the flow of electrons therethrough
to the anode. ’

5. A gaseous conduction device including a
sealed envelope having an ionizable gas, a ther-
mionically active cathode and an anode contained
therein, means to periodically interrupt the flow
of electrons from the cathode to the anode, said
means comprising a barrier disposed within said
container to completely isolate the cathode from
the anode, said barrier having a plurality of
openings therein to permit the free passage of elec-
trons therethrough and a superposed mechanically
operative shutter element for said openings, and
electromagnetic means operable externally of said
envelope to periodically actuate said shutter to
open and close said openings thereby periodically
interrupting the flow of electrons therethrough to
the anode.

6. A gaseous conduction device including a
sealed envelope having an ionizable gas, a ther-
miocnically active cathode and an anode contained
therein, means to periodically interrupt the flow
of electrons from the cathode to the anode, said
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means comprising a barrier disposed within said .

container to completely isolate the cathode from
the anode, said barrier having a plurality of
openings therein to permit the free passage of
electrons therethrough and a superposed shutter
element for said openings adapted to be me-
chanically operated to open and to entirely close
said openings and electromagnetic means to pe-
riodically actuate said shutter thereby periodi-
cally interrupting the flow of electrons from the
cathode to the anode.
EARL R. THOMAS.
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