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To all whom it may concern.:

Be it known that I, Wirriam G. Hous-
KEEPER, 8 citizen of the United States, re-
siding at New York, county of New York,
State of New York, have invented certain
new and useful Improvements in Electric
Discharge Devices, of which the following
is a full, clear, concise, and exact descrip-
tion.

This invention relates to electric discharge
devices and more particularly it relates to
a circuit controlling device for vacuum tubes,

As is well known in the art, a thermionie
device usually comprises an anode, a cathode
and sometimes a control electrode or grid.
In order to increase the amount of power
such a device can handle, it has been hither-
to proposed to cool the anode so as to pre-
vent the anode from becoming excessively
heated due to the electron-bombardment
from the cathode. One way this may be ac-
complished is to make the anode cylin-
drical and to provide for the insertion of a
cooling fluid, such as water, within the
anode. With such an arrangement the pos-
sibility is always present that due to the
evaporation of the cooling fluid or the tem-
porary interruption of the fluid supply, the
anode may become excessively heated to such
a degree as to impair the operation of the
tube, if not actuaily destroying it.

In accordance with this invention, means
are actuated when the cooling system fails
to operate whereby the temperature of the
anode may be prevented from increasing be-
yond the permissible range. In the pre-
ferred form of this invention this is ac-
complished by providinf automatic means
for disconnecting the voltage supply of the
tube when the temvgerature of the anode be-
comes excessive. This automatic means in

the specific form hereinafter described, com-.

prises a relay which is responsive to the
thermal expansion of the anode for control-
ling the connections of the output circuit
battery of the tube, -

This invention will be. better underSfood'

by reference to the following detailed. de-
scription_taken in connection with the ac.

companying drawings, in which Fig. 1 rep- .

resents a thermionic device constructed ac-
cording to this invention and Figure 2 rep-
resents the possible circuit conmections for
such a device, ) :

Referring to Figure 1,4 is a vacuum tube

“tact 24 and spring

having an anode 5, a control electrode 6 and
a cathode 7. Anode 5 ig shown. cylindrical
in form and the stopper 9 for the end of
the anode is provided with openings 10 and
11 to permit the entrance and exit of a
cooling fluid for the anode. Mounted with.
in the cylindrical anode 5 is a rod 12 pref-
erably of insulating material. Within rod
12 is a metallic rod 13 or other electrical
conductor for connecting the metallie tip 14
to spring member 15. The action of spring
member 15 is to keep tip 14 normally in con-
tact with the lower end of anode 5. When,
however, anode 5 tends to expand beyond
its normal length, spring memger 15 would
still tend to maintain tip 14 in contact with
anode 5 until spring member 15
stopper 9. Further expansion of anode 5
thereafter would disconnect the electrical
connection between spring member 15 and
the anode. _ ' ‘
Figure 2 shows how electro-magmetic
means may be made responsive to the break-
ing of the connection between tip 14 and
anode 5 in order t¢ render the tube inopera-
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tive until the anode has contracted to its -

normal length. In Figure 2 the vacuum
tube 4 is shown connecfed. for repester ac-
tion between lines 17, 17 and 13, 18 The
input circuit of tube 4 is connected to line
17, 17 through a transformer 19. The out-

put circuit of tube 4 is associated with Iine

18, 18 through a transformer.20. 91 ig a _

source of voltage for supplying heating cur-
rent to cathode 7. Battery 22 is a source
of voltage for the output circuit of tube 4
and supplies potential between anode 5 and
cathode 7 by the following circuit:

From cathode 7, battery 22, contact 24 of
a circuit breaker, through conductor 25,
spring member 15, and conductor 14 to anode
5 and through conductor 25 and solenoid
26 to anode 5. o

980

The current may thus pass to the anode -

5 from battery 22 either directly from con-

member 15 to the anode,

100

or through the trip coil 26 of the eircuit ,

breaker. Coil 26 should be so adjusted that
when current is being supplied to anode 5
through both of the two circuit branches
reviousl traced, the amount of current
owing through coil 26 is not sufficient to
exﬁfrgize coil 26 so0 as to pull up its mov-
able
therefore, be supplied through these two

contact 28. - Current to the anode will,

108

110



10

18

20

26

30

35

- 40

* spring member 15

46

- b0

65

60

86

paths as long as the

§ maintains the anode 5 within the desired
temperature range. As soon, however, as
the cooling fluid fails to maintain this de-
sired temperature for anode 5 due, for ex-
ample, to the evaporation of the flaid or the
interruption of the fluid supply, anode 5
will become heated due to the electron-bom-
bardment from cathode 7. As a result of
this beating, anode 5 will expand and break
the connection between the conductor 14 and
the anode so that all of the output current
will now flow through solenoid 26. This in-
crease in the circuit through solenoid 26
will energize it to pull up its inovable con-
tact 28, t%ereby preaking the connection be-
tween battery 22 and contact 24. The break-
ing of this connection disconnects battery
29 entirely from anode 5 and thereby renders
the tube inoperative until the anode 5 has
reached its normal temperature again. In
the preferred form of this invention the
movable contacts for solenoid 26 should be
such as to prevent the automatic corinection
of battery 22 to anode 5 as soon as anode 5
has reached its normal temperature, that 1is,
the circuit breaker for anode 5 should - be
so designed as to require some manual ad-
justment before the battery 22 is reconnected
to the anode, since in most instances, the in-
dividual attention of the operator is required
to determine and correct the failure of the
cooling fluid to mnaintain the anode 5 with-
in the desired temperature range. It fol-
lows, therefore; that the circuit arrangement
above described will prevent ‘the anode 5
from becoming heated to such a high tem-
perature as to seriously impair the opera-
tion of the tube or actually destroy it.

In the preferred arrangement of this in-
vention the adjustment of conductor 14 and
should be such that spring
member 15 comes in contact with stopper 9
when the maximum permissible temperature
for anode 5 has been reached.

It is obvious that various modifications
may be made in the form of the Jnvention
described above without departing in any
wise from the spirit of this invention as
defined in the appended claims.

‘What is claimed is: ‘

1. In combination, a space cwrrent dis-
charge device comprising an evacuated en-
velope containing a plurality of electrodes,
said device being normally operative, and

automatic means responsive to a condition
of said device for rendering said device in-
operative.

9. In combination, a space current dis-
charge device comprising an evacuated en-
velope containing 2 plurality of electrodes,
said device being normally operative, and
automatic means responsive to the physical
condition of said device for rendermng said

device inoperative.

coofing fluid fc;f anode

“device having a plurality of
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3. In combination, an electric discharge
device, an evacuated envelope containing a
plurality of electrodes, and automatic
means responsive to the thermal condition
of one of said electrodes for changing the
efliciency of said device. _

4. In combination, a space current dis-
charge device comprising an evacuated en-
velope containing a plurz‘\lit}lf1 of electrodes,
and 2 solenoid responsive to the thermal con-
dition of one of said electrodes for render-
ing suid device Moperative.

2 Tn combination, a space current dis-
charge device, comprising an evacuated en-
velope containing an electrode, means for
supplying energizing current to said device,
and means operative when the thermal con-
dition of said device is abnormally changed
for reducing said energizing: current sub-
stantially to zero. '

6. In combination, an electric discharge
electrodes means
for supplying space current to said device

and electromagnetic means responsive to a.

condition of said device for reducing said
space current to zero.

7. In combination
device having a piurality of electrodes
means for supplying voltage between two of
said electrodes and electromagnetic means
responsive to a condition of said device for
reducing the efficiency of said supply means.

8. In combination, a space current dis-
charge device comprising a plurality of elec-
trodes, said device being normally operative,
and means operating when the thermal con-
dition of said device is abnormally changed
for rendering said device inoperative.

9. In combination, a vacuum tube, a cool-
ing system for said tube employing a cir-
culating {luid, and means actuated when the
circulation of the fluid is interrupted for
vendering said tube inoperative.

10. In combination, two lines, a vacuum
tube vepeater between: said ~ lines for
normally repeating currents between said
lines and electromagnetic means responsive
to said repeater for preventing currents
from one of said lines from being impressed
on the other of said lines. e
"11. In combination, & vacuum tube cow-
prising. a plurality of electrodes, an_ elec-
troniagnetic means responsive to a change
in a position of ome of said electrodes for
rendering said device inoperative.

19. In combination, a vacuum tube hav-
ing a plurality of electrodes, an outgoing
line associated therewith, and automatic
means responsive to the temperature of one
of said electrodes for changing the character
of the currents impressed on said outgoing
line by said tube. _
. 18. In combination, a vacuum tube hav-
an anode, 8 cathode, and a control electrode,

‘and @ solenoid responsive to the tempera-

an electric discharge
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ture of said anode for rendering said tube
inoperative,

14. In combination, a vacuum tube hav-
ing a cathode, a control electrode, and a
cyTindrical anode, a contact normally in
electrical connection with a portion of said
anode and electromagnetic means respon-
sive to the breaking of said connection for
reducing the efficiency of said tube.

15. In combination, a vacuum. tube hav-
ing a cathode, a control electrode and a
cylindrical anode, said anode being closed
at one end, a source of voltage and an elec-
trical conductor in contact with the closed
end of said anode for supplying voltage to
said anode from said source.

16. In combination, a vacuum tube hav-

ing an anode, a cathode and a control elec-

trode, a contact normally electrically con-
nected to said anode, a source of voltage,
circuit connections for supplying voltage

- from said source between said cathode and
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‘an increase in temperature of sai

. contact with a

anode through said contact, means for
breaking the electrical connection between
said contact and said anode in response to
anode,
and electromagnetic means responsive to
the breaking of said connection for discon-
necting said battery from said tube,

17. In combination, a vacuum tube, cool-
ing means for said tube, and electro-re-
sponsive means actuated when said cooling
means fails to operate. A

18. In combination, a vacuum tube, a cool-
ing system for said tube, .and electro-re-
Sponsive means actuated when said cooling
system becomes defective, :

19. In combination,
for cooling a portion of
means actuated when said
becomes defective to render
operative. ’

said tube, and
cooling means
said tube in-

20. In combination, & vacuum tube com- .

prising a plurality of electrodes, means for
cooling one of said electrodes, and electro-

- responsive means actuated when said cool-

ing means becomes defective to change the
efficiency of said tube. - . '

. 21. In combination, a vacuum tube hay-
ing a hollow electrode, means roviding for
the passage of a cooling ﬂuic{) within said
electrode, and electro-responsive means actu-
ated when the cooling fluid fails to flow,

22. In combination, a vacuum tube having
a plurality of electrocies, a source of voltage,
connections from said source to said tu e,
means for causing a cooling fluid stream to
portion of one of said elec-
trodes, and means actuated when said fluid
fails to flow. for disconnecting said source
from said tube, /

23. In combination, an electric discharge
device having a plurality of- electrodes, a
contact closing device comprising a thermal
expansion element controlled by a condition

a vacuum tube, means

" position.

@

of said device, and electro-responsive means
controlled by said element.

24, In combination, an electric discharge
device having a plurality of electrodes, a
thermal expansion element controlled by a
condition of said device, and electru-respon-
sive’ means controlled by said element to
render said tube inoperative.

25. In_combination, a space current dis-
charge device having a plurality of elec-
trodes, electro-responsive means for render-
ing said device inoperative, and a movable
member, the position of which is changed

‘when a condition of said device is changed

for controlling said means.

70

75"

80

26. In combination, a vacuum tube, means
for cooling said tube, and thermal means -

actuated when said cooling means fails for
rendering said tube inoperative.

27. An electron discharge device compris-
ing an envelope, cathode, anode and control
electrodes therein and a contact operable

85

in response to temperature changes in one -

of said electrodes.

28. An electron discharge device compris-
ing an envelope, cathode, anode and control
electrodes therein, and a contact operable
in response to temperature changes 1n said
anode, .

29. An electron discharge device compris-
ing an anode, a cathode, a control electrode,
and an electric circuit controlled by movable
means responsive to the expansion of one
of said electrodes.’

30. An electron discharge device compris-
ing an anode, a cathode, a control electrode,
and an electrical contact operated by the
expansion of one of said electrodes.

31. An electron discharge device compris-
ing an anode, a cathode, a control electrode,
and a circuit closing member supported by
one of said electrodes. ‘ ‘

82. An electric discharge device compris-
ing an anode, a cathode, a control electrode,
angt'i a movable circuit closing member sup-
ported by said anode, and spring means for
holding said member in a desired position.

83. An electric discharge device compris-
ing an anode, a cathode, and means for

‘closing an electric circuit when said anode

is in one position and for opening an elec-
tric -circuit when said anode is in & second

34. In combination, a vacuum tube hay-
ing a cathode, a control electrode and a
cylindrical anode, said anode being closed
at one end, a source of voltage and an elec-
trical conductor in contact within the closed
end of said anode for supplying voltage to
said anode from said source.

In witness whereof, I hereunto subscribe
xréygname this 23rd day of December, A, D.
1919, o :

WILLIAM G. HOUSKEEPER,
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