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The present invention embodies in one tube 
or envelope the elements and parts necessary 
to provide for the generation or by-passing of 
considerable amounts of electric current, of an 
alternating or pulsating nature, when properly 
excited by direct and/or alternating current 
thru suitable connections to a wide variety of 
external circuits. ‘ 

The present device is of the type known as an 
10 electron discharge or vapor electric tube. It 

employs a single or common cathode with a 
plurality of associated grids or anodes, or both, 
not more than two of either being shown in the 
appended drawing, but all being so arranged that 

15 they may work independently of each‘othe'r and 
without interference but operating by virtue of 
the electrons given off by a common cathode. 
The use of a single or common cathode as a 
source of electrons effects a very great saving 

20 in the amount of cathode excitation required for 
satisfactory operation, and due also to the com 
pact construction thus made possible the tem- , 
perature rise within the tube, which’ helps to 
vaporize certain alkali metals such as caesium, 

25 rubidium, sodium, potassium, or the like, which 
are introduced into the tube in various amounts 
and combinations in order‘ to obtain a very low 
voltage drop between anode and cathode with 
in the tube, will be enhanced due to the compact 

30 structure. " 
One of the objects of the present invention is 

- to provide a novel construction of vapor electric 
tube employing a readily ionizable atmosphere, 
in combination with a common electron-emitting 

35 means, a plurality of associated grids and an 
odes and means permitting a free and controlled 
flow of electrons from substantially the entire 
surface of the emitting means. ' 
Another object of the invention is to provide 

40 a novel vapor electric tube having a common 
cathode or electron emitting means in combina 
tion with multiple grid andanode elements, and 
an apertured spacer encompassing the cathode 
or electron emitting means and so constructed 

45 and arranged as to permit a free and complete 
?ow of electrons-from the entire extent of, or 
surface area of, the electron emitting means. 
A still furtherobject of the present invention 

is to provide a novel tube construction having a 
50 ‘common cathode or electron emitting means, 

multiple grids and anodes and a spacer encom 
passing the cathode or electron emitting means, 
all so shielded, constructed, arranged and corre 
lated as to provide a novel combination of tube 

55 of the vapor electric, multiple type. So far as 

‘hundred times a' second. 

I am aware I am the ?rst to conceive and dis 
close a tube which accomplishes the foregoing 
object. ‘ 

To completely understand the novel functions 
and constructions of the present device, it will 
be necessary to consider in detail all of the fac- , 
tors which affect the operation of tubes of this 
general type, both favorably and unfavorably, 
and these factors are outlined in what follows. 
In an electronic tube of the ionized vapor type 

such as shown and described here, and especially 
vso in the types considered using alkali vapors to 
obtain anode to cathode voltage drops as low 
at 11/2 volts or less, there is very great danger of. 
glow interference between electrodes and arcing 
back from anode to anode. There is also a 
chance that arcing or current flow may take 
place from anode to grid between tube sections 
‘desired to be kept separate in their electrical re 
lations to each other, but wlr'ah must be of 
necessity closely spaced y from each other 
mechanically. ’ ' I 

v The tendency for electrical leakage between 
parts within the tube is largely due to the fact 
that there is a considerable attraction or ?eld set 
up by the glass walls of the tube and‘ certain 
other parts, which. ordinarily causes consider 
able spread of ionization within the tube. This 
often leads to the forming of arcs between un 

' wanted electrodes. 

_The grid or grids of the present device may 
carry alternating or pulsating current as well 
as the anodes, and said grids may often reach 
materially higher potential values than the 
anodes, although the reverse is more apt to be 
the case. In the event suf?cient potential dif 
ference in the right polarity exists between a 
grid in one tube section and an anode in a 
totally different section, there would exist a con 
dition tending to form, an are between the two 
unless they were properly shielded from each 
other. This is especially true if the grid is op 
erating at high temperature and the tendency 
would be very pronounced if caesium or the like 
is used within the tube. ' ' 
The problem of proper shielding within the 

tube becomes still more difficult when it is de 
sired to vutilize, up to the total emission of the 
cathode,'or nearly so, peak ?ows of current from 
one anode ‘and then another as often as many 

Such operation is de 
sired and is obtained in_ practice in the inven 
tion now being outlined; This calls for complete 
ionization of the space around the entire active 
surface of the cathode or electron emitting 

10 

15 

30 

45 

50 

55. 



. meansin’onierto overcome the space charge 
Y _ effect. . During suchv ionisation, current can be 
vjmade to-?ow through certain dedred paths 
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- heater excitation being supplied through the wire » 
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which'gcould not’normaily be followed by elec 
trons alone, and yet the ions which make possiblev 
such diverse current paths must be kept'within 
control in order that the entire cathode‘ emission 
may be employed to carry full current between ' 
it and oneanode. _ > ._ I . _ 

_In the present novel construction the effects 
Just outlined are accomplished ‘as is~provenby 
thefactthatwhenthetube isusedas-asingle‘ 
wave recti?er alone the average anode current, 
remains nearly the same when either one anode 
alone, ormany anodes in parallel are connected 
to the sourceof current to be rectified. 
In the drawing, Figs. 1, 2 and 3 are diagram 

matic views in side elevation of alternate forms 
of the novel tube construction. 
The manner in which various currents are kept 

separate within the tube and ionization is kept 
within control is best understood by a considera 
tion of the tube structure shown in Fig. 1. [In 
this ?gure, a. common cathode or electron emit 
ting means is shown at 26, within the tube I, 

leads l6, and I1. vThis cathode 26, may be heated 
, either as a ?lament or indirectly as shown, the 
latter method being preferred. Such indirect 
heating is standard practice today and is there 
fore not described in detail. 

The midportion oi’ the cathode or common 
electron emitting means 26 is encircled by one 
or more mica, ceramic or other types of non-_ 
conducting washers l6, having a diameter great 
er than the outside diameter of the anodes. This 
washer I 6, acts as a screen or ba?ie to prevent 
stray arcs between adjacent‘ tube sections. This 
insulating washer or spacer also acts to center 
the grids 6 and ‘I ‘and may also anchor the 
plates in position as in Fig. 2. 
The hole at the center of the above mentioned 

- spacers or'baiiies allows Just su?lcient clearance 
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around the cathode or electron emitting means 
to permit a free ?ow of electrons and ions from 
one end of the cathode to the other. However, 
the various grids abut the mica bailies in such 
a way that no undesired leakage of glow or ion 
ized vapor may take place between undesired 
‘sections; This is made possible bykeeping the 
width of the grid mesh correct throughout the 
tube, and where extreme shielding is needed a 
further precaution is taken by narrowing the 
openings between grid turns as the center of the 
cathode is approached. 
Where the grid spacing is varied as Just men 

tioned the current ?ow tends to take place 
I through .a longer path than might ordinarily be 
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the case with an evenly spaced grid. It is well 
known that the grid in the present type of tube 
has control up until the time that the arc is 
struck within the tube. ' In the present inven 
tion, the path and density of the are, especially 
in tubes having a very low anode to cathode ‘ 
drop, can'be kept under control by properly de 
signing the grids and correctly shielding the 
plates of the tube, or anodes as they are gen 
erally known. For medium and high voltage 
operation, complete shielding as with shields 
28 and 26 atthe end of. the electrodes or ele 
ments, is desired. In, tubes operating at rela 
tively-high voltages a variation in grid spacing 
might tend to cause arcing entirely through the, 
largest mesh of the grid. This would cause what 
isknownasahotspotandwouldquickiyruin 

spasms » v 

the cathode. rm 

. drop from anode to cathode is'of the 

tubes having an to cathode drop of' 6 
volts or below, especially where the-variation v 
ofthe grid spacing. is suiiiciently - ' 

'Inall present tubes of the ionized vapor 
where's single cathode or common electron emit 
ting .means is used in coniunction with more. 1 
than one anode, the. spacing between the vari 

- ,ous groups 'of grids and anodes, ,or anodes, if 
grids-are not My“ made asgreat as'pos» 

swam-southeastern" 

sible, as is also their spacing. fromthe cathode ' 
to prevent undesired interaction. ~ In the present 
invention however all parts are bunched as close ' 

to cathode drop as low as possible, which vcan 
, not be done where wide spacing is employed. 

Considering now in detail the'strueture of the 
tube shown‘ in Fig. 1, I provide a properly evacu 
ated andv sealed glass bulb I, with a number of 
lead wires passing through the glass stem of the 
tube, or, press as it is ‘known, said press being 
numbered 21. Within this tube is‘ a cathode 
which may be of- the oxide coated‘ type, of cae-' 
slated metal, or of any type known to ‘the art 
‘which is suitable for use with caesium and mer 
cury vapor or the like. 
Surrounding the cathode 26 are, the grids ‘I 

-_ together as ‘possible in order‘to keep, the anode ‘ 
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and 6, the former being connected by the lead - 
wire 6, to the metal terminal cap 2 at the point 
22 where the lead wire passes through the glass 
bulb. The grid 6 is terminated by the lead wire 
Ii. Both of these grids abut against the mica. 
or other insulating spacer orwasher It, the grid 
support rods being impressed somewhat into the 
mica to which they act as ‘a support and cen 
tering member, while the washer in turn helps to 
stay the grids; The grids should be poor emitters. 

Surrounding the grids just mentioned are the 
plates or anodes 4 and 6. These should be of 
material best suited for vapor electric devices. 
Molybdenum and variolm ‘high melting point al 
loys containing a percentage of chromium have 
been-found fairly satisiactory. The carbonized 
type ‘of plate or anode is also desirable. Chro 
mium titanium alloys and the like are satisfac 
tory as grid material. A low rate of emission in 
the presence of alkali vapors is desired as in 
many cases the grids runvat very high tempera‘ 
tures. The general structure of the grids and 
plates may be very similar to that used for the 
inner screen of the present screen grid tube and 
the present day plate or anode, except for the 
use of a variable grid mesh in some cases. Such 
structures are quite satisfactory for tubes up to 
several watts capacity’where internal voltages be 
tween anode and cathode do not exceed eight or 
nine volts. 

In’ Fig. 1 an anode lead 9, and a heater lead II, 
are shown as insulated through the greater or 
entire portion of their length by the coverings 26 
and II, respectively.‘ This insulation may be inv 
the form of glass tubing or some type of ceramic, 
either moulded or sprayed on the leads and prop 
erly treated to be gas free, and is especially 
needed or desirable in tubes where the voltage 

order of 
two or three volts or less. - 
The remaining anode lead i6 from-the anode , 

'6, passes through the base 6,, as does the cathode 
lead l6, and these and the‘ various other leads 
previously mentioned are soldered to the terminal ' 
pins it. The base I, is‘ of the usual moulded 
insulating material such as is in common use to 
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day but instead of the tube being cemented di- . 
rectlytothebaseintheusualmannerarlngof 76, t 
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heat insulating material H, such as asbestos or 
the like is placed between the tube and the base 
and can be cemented to both. This insulating 
ring l2, prevents the‘ heat from the tube from 
spreading to the base too rapidly during the 
warming up of the device, when same is ?rst put 
into operation, and thereby allows the bottom 
part of the tube to heat up rapidly causing the 
alkali vapor [9, which condenses to form a metal 
when cool, to increase the vapor pressure ‘within 
the tube, which makes it possible to obtain the 
low voltage drop desired between anode and 
cathode. The leads mentioned above except for 
22, are taken out of the bulb through the glass 
press or seal 21. 
The type of tube shown in Fig. 2 is intended for 

use as a recti?er of alternating current or a by 
pass for alternating or pulsating current. The 
general structure of the tube shown in Fig. 1 
is maintained except that the grids are omitted 
and the anodes are stayed to the insulating 
spacer ill, by the feet 2|. A large number of 
plates or anodes may be used around a single‘ or 
common cathode in a tube of this nature when 
the same is intended to be used as a by-pass de 
vice, and in some such cases the shield spacers 
or washers l0, may be cut down materially in 
size. One particular use intended for this type 
of tube is as a multiple by-pass unit for radio 
receivers where it has been used by the present 
inventor to by-pass all points sufficiently above 
ground potential to conform with the internal 
tube drop. Points of unconforming potential 
are by-passed thru anode bleeders which add 
little resistance between anodes and by-pass 
points, ' 

When used as a recti?er, the tube shown in 
Fig. 2 functions as economically as the oscillator 
tube shown in Fig. 1 the entire cathode furnish 
ing electrons for each half of the recti?ed wave. 
By making use of this arrangement and type of 
construction nearly 50% is saved in cathode 
excitation. Where large amounts of energy or 
peculiar voltage wave forms are encountered and 
must be recti?ed, it may be found desirable to 
heat shield part of the cathode somewhat after 
the manner shown at 25, in Fig. 3. Where such 
a shield ?ts tightly-through the hole in the insu 
lating disk the entire cathode can be used for 
each half wave, and there can be no interference 
between the anodes except through the long 
path around the glass bulb, and this interfer 
ence is prevented by properly shielding the an 
odes as previously stated. The shield slots the 
inventor ?nds may even or equalize cathode 
heating throughout its length. I 

It has been found that by heat shielding 
' the cathode 25 as in Fig. 3, the grid spacing can 
be kept constant under all conditions. Also the - 
cathode operation becomes more efficient and the 
grids heat less. This type of tube has an ad 
vantage over that shown in Fig.1 for high output 
or capacity. The grids in both Fig. 1 and Fig. 3 
and their cathodes are closed in by the insulating 
shields 23 and 24, which may be recessed to help 
center the cathodes and shields. These heat 
shields are welded to the cathode so that the two 
become electrically common. This is designated 
by thickening the heat shield at the point where 
it touches the cathode top in Fig. 3. In Figs. 
1, 2 and 3, the heater coil is shown by dotted lines 
inside the cathode. ' 
The tubes shown in Fig. 1 and Fig. 3 may both 

be used in typical gaseous triode oscillator cir 
cuits to generate alternating current from an ap 

3 
plied direct current. The alternating current so 
generated within the tube may be transformed 
and recti?ed at various desired voltages within 
the same tube by application to the tube grids. 
Having described the outstanding points of 

the present invention what I claim and wish to 
protect is as follows:-- ' 

1. A vapor electric tube of the type employ 
ing two grids, two plates, and a common electron 
emitting cathode, an insulating spacer adapted 
to be mounted intermediate said grids and hav 
ing an aperture for the reception of said cath 
ode, said aperture being of a size and displace 
ment sumcient to bypass the flow of electrons 
and ions from one portion of the cathode to the 

‘ other at such times as the grids prevent simul 
taneous emission to the plates. 

2. In a vapor electric tube of the type employ 
ing a readily ionizable atmosphere, two grids, 
two plates, and a common electron emitting 
cathode, an insulating spacer adapted to be 
mounted intermediate said grids and having an 
aperture for the reception of said cathode, said 
aperture being of a size and displacement su?l 
cient to bypass the flow of electrons and ions 
from one portion of the cathode to the other at 
such times as the grids prevent simultaneous 
emission to the plates. 
3. A vapor electric tube having an ionizable 

atmosphere, two adjacent grids, two plates, and 
a common electron emitting cathode, an insu 
lating spacer abutting the adjacent grids and 
having an aperture surrounding the cathode, said 
aperture having su?icient clearance thereabout 

’ to allow the passage of electrons and ions from 
one end of the cathode to the other whenever 
either grid prevents emission of electrons to its 
respective plate. . 

4. A vapor electric tube having an ionizable 
atmosphere,.two adjacent grids, two plates, and 
a common electron emitting cathode, an insulat 
ing spacer abutting the adjacent grids and having 
an aperture surrounding the cathode, said aper 
ture having su?icient clearance thereabout to 
allow the passage therethrough of the electrons 
and ions from one end of the cathode to the 
other whenever the charge on either grid pre 
vents emission of electrons, from the cathode, to 
its respective plate. _ . 

5. A vapor electric tube of the type employ 
ing two grids, two plates, and a common elec 
tron emitting cathode, an insulating spacer abut 
ting the adjacent grids and provided with an 
aperture surrounding the cathode, said aperture 
having suillcient clearance thereabout to permit 
passage of the electrons and ions from one end 
of the cathode to the other whenever either grid 
prevents emission of the electrons to its respec 
tive plate and heat insulation between the lead 
in end of said tube and the base of the tube. 

6. A vapor electric tube comprising an evacu 
ated bulb containing an ionizable atmosphere, 
an electron emitting cathode, two grids, two 
plates, and an apertured disk-like non-conduct 
ing separating spacer having a diameter not less 
than the diameter of the plates, said grids en 
closing the cathode and controlling the path of 
emission therefrom‘ and positioned so as- to abut 
the, spacer and thereby shield one portion of the 
cathode from its remaining portion, so as to pre 
vent the simultaneous external ?ow of electrons 
and ions from both ends of the cathode except 
through the aperture in the spacer, said aperture 
being of sufficient size and displacement to allow 

, for the free ?ow of said cathode’s emission there 
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' ,4 
'throijhasrequlredintheoperationoftbede 

vice. 
7. A vapor electric tube comprising an evacu 

ated bulb containing an alkali metal and an ion 
isable gas, an electron emitting cathode, two 
grids, two anodes, and an apertured disk-like 
non-conducting separating spacer having a di 
ameter not less than the diameter of said anodes, 

’ said grids enclosing the cathode and controlling 
10 the path of emission therefrom and positioned 

- to abut the spacer and thereby shield one por 
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tion of the cathode from its remaining portion, 
so as to prevent the simultaneous ?ow externally 
oi’ electrons and ions i'rom both ends oi’ the oath 
ode except through the aperture in the spacer, 
said aperture being of su?icient size and dis 
placement to'allow for the free ?ow of said cath 
ode's emission therethrough as required in the 
operation of the device. . 

'8. A vapor'electric tube oi’ the type employing 
two grids, two plates, a common electron emit 
ting heat shielded cathode, an insulating spacer 
abutting the adjacent grids and having an aper 
ture surrounding the cathode, the aperture hav- 
ing suillcient clearance thereabout to permit the 
passage of the electrons and'ions from one end of 
the cathode to the other through said aperture 
to supply emission from the entire cathode to 
the tube section controlling ionization. 

9. A vapor electric tube of the type, employing 
multiple grids and plates and a common electron 
emitting means, an insulating spacer adapted 
to be mounted intermediate adjacent grids and 
having an aperture for the reception of the 
electron emitting means, said aperture being of 
a sizeand displacement su?icient to bypass the 

8,064,478 . 

?ow o! electrons and ions'irom one portion oi’ the 
electron emitting'means to tho'other at such 
timesasthegrids preventsimultaneous emission ' 
to the plates. ' _ ' 

10. A vapor electric tube having a readily ion-_ 
izable atmosphere comprising‘a plurality of grids 
and cooperating plates, and a common electron 
emitting cathode, an insulatingspacer adapted 
to be mountedintermediate said grids and a 
bypassage-way between sections oi'the cathode 
and within the periphery of the grids of a-sise 
and displacement su?icientto bypass the ?ow 
of electrons andions from vone portion of‘ the 
cathodetov the other. at such times as the grids 
prevent. simultaneous emission to the plates. 

11. In a vapor electric tube having an ion 
izable atmosphere, a plurality of grids and-co 
operating plates, an insulating spacer mounted 
intermediate said grids, a common cathode pro 
vided with a shield forming a part of the cathode 
mounted in said spacer and provided with open 
ings ior bypassing the ?ow of electrons and ions 

15 

from one portion of the cathode to the other and ’ 
for directing and controlling emission from sub, 
stantially the entire surface of the common'cath 
ode to one plate at a time. 

12. A vapor electric tube having a plurality » 
of grids and plates, a common electron emitting 
means, an insulatingspacer adjacent the‘ grids 
provided with an opening and a shield for the 
emitting means mounted in said opening, said 
shield being provided with openings to permit 
the passage of electrons and ions from one end 01' 
the emitting means to the other and to supply 
emission to either plate; ' 
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