
1,957,423 H. M. FREEMAN 

WACUUM TUBE FOR HEAVY CURRENTS 

May 1, 1934. 

Original Filed March 29, 1924 

?T 

NVENTOR 

By AZr /a6665 
Y 

AfroRNEY 

  

  

  

  

  

  



O 

20 

25 

30 

35 

40 

45 

50 

55 

Patented May 1, 1934 1957,423 

PATENT OFFICE UNITED STATES 
195,423 

WACUUM TUBE FOR HEAVY CURRENTS 

Hubert M. Freeman, deceased, late of East Pitts 
burgh, Pa, by Max F. Reges, administrator, 
Bloomfield, N. J.; said Freeman assignor to 
Westinghouse Electric & Manufacturing Com 
pany, a corporation of Pennsylvania - 

Original application March 29, 1924, Serial No. 
702,16. 

2 Claims. 

This application is a division of application 
Serial No. 702,716, filed March 29, 1924, and as 
signed to Westinghouse Electric & Manufactur 
ing Company. 
This invention relates to vacuum tube devices 

of the type used for controlling space currents. 
It is an object of the invention to produce a 

device of the class described which can convey a 
greater space current for a given size of device. 
than has been possible with devices of this class 

’heretofore. 
It is a further object of the invention to pro 

vide a device in which the heat developed at the 
2node may be removed by means of a stream of 
COOling fluid. 

It is a further object of the invention to provide 
a device of the class described in which the cath 
Ode may be heated by a coil out of electrical con 
tact thereWith, the heating being accomplished 
by thermal conduction. 

It is a further object of the invention to pro 
Wide a heating device for the cathode which can 
be readily renewed when necessary. 

It is a further object of the invention to pro 
vide means for minimizing the escape of heat, 
from the heating coil, into the Surrounding at 
mosphere. 

It is a further object of the invention to So ar 
range the Several parts of the device that a com 
pact apparatus is produced Without reducing the 
size of the electrode Surfaces. 
Other objects of the invention and details of 

the construction will be better understood from 
the following description and the accompanying 
drawing in which; 

Figure 1 is a central Vertical Sectional view 
Of One form of the device. 

Fig. 2 is a CrOSS-Sectional view on lines II-II 
Of Fig. 1. 
The device includes a glass envelope or con 

tainer 1, which, preferably, is highly evacuated, 
but the device may still be operated with in 
proved results. When there is gaS remaining with 
in the envelope. 
The anode consists of a coil. 2 of metal. Cop 

per, silver, or other good thermal conductor, may 
be used. Each end of this coil passes through 
the glass envelope, as indicated at 3 and 4. A 
Suitable seal between the metal tubing and the 
glass is made at each of these ends, in Order 
that the vacuum within the envelope may be pre 
Served. 
The anode is Surrounded by any convenient 

form of grid. Preferably, the grid is a helix 5, 
which is supported by a standard 6, Welded to 

the inner face of this cylinder. 

Divided and this application May 28, 
1930, serial No. 456,345 

(C. 250-27.5) 
each turn of the helix. The standard extends 
through the envelope at 7 and serves as a con 
ductor by means of which potentials may be ap 
plied to the grid. 
The cathode consists of a cylindrical plate 8, 

of a metal that is adapted to withstand high 
temperatures, such as tungsten or platinum. 
The inner surface of the plate 8 is preferably 
coated with a material that will emit electrons 
abundantly when the plate is hot. A mixture of 
the oxides of barium and strontium serves this 
purpose Well, but other coatings of a high emis 
Sion power may be used. The cylindrical plate 
may be Supported by a standard 10, which also 
SerWeS as a lead or conductor, Or it may be Sup 
ported in other Ways as described below, and the 
lead 10 Will then Serve Only as a conductor. 
Concentric with the cylindrical cathode, is a 

heating coil 11. In the form shown in Figure 1, 
this coil is outside of the container 1. 

Escape of heat from the coil 11 into the Outer 
atmosphere is prevented or minimized by a cover 
ing 14 of heat-insulating material. Preferably, 
this covering and the coil 11 are made to con 
stitute a single unit which can be slipped onto 
the tube from the Small end and Will be stopped 
in the proper position by the enlargement at the 
upper end of the tube. 
When Current; is paSSed thrOLIgh the COil 11 tO 

heat it, heat Will flow through the glass wall 13 
and raise the temperature of the metallic cylinder 
8. The emission of electrons f Dm the coated 
inner Surface of this cylinder will thus be in 
creased. The heat is constrained to pass through 
the glass Wall instead of into the Surrounding 
atmosphere by the heat insulation 14. 
The cathode 8, preferably fits closely against 

Any of the usual 
methods for obtaining a close union between the 
metallic cylinder 8 and the glass cylinder 13 may 
be followed. For example, the inner Surface of 
the glass may be Silvered and a patinum film 
electro-chemically deposited on the silver. A 
tungsten cathode may be sealed directly to the 
inner surface of the glass in the same way that 
tungsten Wire is Sealed into the glass when mak 
ing the usual Connections for Vacuum devices, 
The barium and strontium salts, or other coating 
material, may be applied to the cathode after it is 
in place. 
In the operation of the device, current, which 

may be either direct or alternating, is supplied 
to the coil 11 to heat it. The coil heats the 
Cathode and SO produces electron emission. A 
difference of potential between the cathode and 
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the anode ma;7 be supplied by aeans of the lead 
10 and an external part of the coiled tube, whic 
causes a space current from the anode 2 to the 
cathode 8. The bombardment of the anode by 
the electrons constituting this Space current 
heats the anode, but heat is rapidly erhoved 
therefron by the stream of water or other cool 
ing fluid isowing through the coiled anode. 

If the container i is highly exhalisted, the S2806 
current, is made up wholly of the electron Stre2ZY, 
but if gas be present, ions also will take part in the 
space gurrent. A much larger current may be 
carried in the latter case and a much greater 
quantity of heat will be liberated at the anode, 
but, because of the provision for cooling the anode 
with a stream of fluid, the device will transmit 
large amounts of power without the necessity of 
building it in prohibitive sizes. : - 

It will ae evident to those skilled in the art 
that many variations of structure may be made 
Without departing from the spirit of this invenir 
tion. No imitations except those necessitated 
by the prior art or expressed by the claims is 
intended. • 

What is claimed is: 
2. An electrical discharge device including an 

envelope having a, cylindrical Wall having closed 
ends, an anode, and a cathode, Said Cathode con 
prising a coating of electron emitting material 
on the interior of said Wall, heat producing neans 
and means for minimizirig heat dissipation from 
the external surface of said cylindrical wall. 

2. An electrical discharge device including an 
envelope in the form of a cylindrical Wall hav 
ing closed ends, an anode, a cathode, said cathode 
comprising a coating of the electron emitting nar 
terial on the interior of said wall, a heater coil 
on the exterior of said wall, and means for mini 
mizing heat dissipation from the external Surface 
of Said envelope. - 

3. An electrical discharge device including an 
envelope in the form of a cylindrical-Wall having 
closed ends, an anode, a cathode, Said cathode 
comprising a coating of electron emitting ma 
terial on the interior of said wall, a heater coil 
on the exterior of said wall, and means for mini 
mizing heat dissipation from the external Surface 
of said envelope, said means comprising heat 
insulating material surrounding Said heater coil. 

4. An electrical discharge device including an 
envelope having a curved outer Wall, an anode 
positioned inside said wall, and a cathode, Said 
cathode comprising an electron emitting material 
coated on the concave interior of Said outer Wall. 

5. An electrical discharge device Comprising an 
anode and a cathode consisting of a chamber 
coated on its interior walls with material which 
emits electrons freely when heated and means 
on the exterior wall of said chamber for main 
taining it at an elevated temperature, at least a 
portion of said anode being surrounded by Said 
cathode. 

??@@@@@@ 
6. An electrical discharge device including aya 

envelope in the form of a cylindrical wall having 
closed ends, an anode and a cathode within said 
cylindrical wall Said cathode comprising elec 
tron emitting material adjacent an inner por 
tion of Said cylindrical wall and heat produc 
iing means Of the exterior of said wall in thermal 
condiLictig relatio Witin said caithode. 

7. An electrical discharge device including a 
envelope in the form of a cylindrical wall hav 
ing closed ends, an anode and a cathode within 
Said cylindrical Wall Said cathode comprising 
electron emitting material adjacent an inner por 
tion of Said cylindrical wall, heat producing 
means on the exterior of said wall in thermal 

- conducting relation with said cathode and means 
for minimizing heat dissipation from the ex 
ternal Surface of Said envelope. 

8. An electrical discharge device including an 
envelope, an anode within said envelope, cooling 
means for Said anode, a, cathode within said 
envelope, heating means exterior to and sus. 
rounding Said envelope in thermal conducting 
relationship with Said cathode, and means cov 
ering a large portion of the exterior of said en 
velope and greatly minimizing the heat dissi 
pation from the exterior of the device into the 
outer atmosphere. 

9. An electrical discharge device-having an 
anode and a cathode comprising an electrical 
discharge chamber coated on its concave interior 
walls with material which emits electrons freely 
When heated, means for heating said cathode 
and means for substantially minimizing heat dis 
Sipation from the external Surface of said elec 
trical discharge chamber. 

10. An electrical discharge device having an 
anode and a Cathode comprising a wall enclos 
ing an electron-emis3ive surface, said wall hav 
ing a convex external surface, electron emitting 
material on an inner wall of Said convex external 
Wall, means for heating said cathode, and means 
Surrounding the convex external surface of said 
Wall for Substantially minimizing heat dissipation 
from Said external convex surface. 

11. An electrical discharge device having an 
anode and a Cathode comprising an electrical 
discharge chamber Coated om its concave interior 
Walls With material which emits electrons freely 
When heated, means for heating said cathode and 
means for Substantially minimizing heat dissi 
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pation from the external convex surface of said. 
electrical discharge chamber. 

12. An electrical discharge device having an 
anode and a cathode having a curved convex 
Surface, means Surrounding said cathode to heat 
Said Cathode and heat-flow impedance means 
interpOSed in the path of heat outflow from the 
convex Surface of Said cathode. 

MAXK IF. REGES, 
Administrator of the Estate of Hubert M. Free 
???, Deceased. 
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