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This invention relates to electron discharge de 
vices of the type adapted to operate at ultra high 
frequencies. 
The object is to provide a vacuum tube of 

small size and element dimensions adapted to 
handle relatively small amounts of power at ultra, 
high frequencies. 
In order to provide vacuum tubes capable of 

efficiently operating at ultra high frequencies, it 
is important to make the tube electrodes and all 
dimensions of the tube as Small as practical, 
and it is further important to make the metallic 
portions of the tube effectively small so as to re 
duce the capacity between them, which if too 
large, would tend to prevent the device from 
being tuned to the desired ultra high frequencies. 

In accordance with this invention, there is pro 
vided a compact construction of an elongated tube 
having small cross section. A feature is the pro 
vision of several metallic sections separated by 
insulating sections forming part of the elongated 
vessel wall, one of the metallic sections being used 
as the anode, with the grid and cathode elec 
trodes placed concentrically within it. The con 
struction facilitates the assembling, and enables 
the electrodes to be easily guided into place With 
in the relatively small vessel. 
A related feature is the provision of a con 

ducting member sealed through the vitreous Wall 
of the vessel mechanically connecting the sheaths, 
and extending into the vessel to act as an elec 
trode connection. A related feature is an ar 
rangement for connecting tuning cavities between 
the electrodes. 
The invention will be understood from the fol 

lowing detailed description taken in connection 
with the accompanying drawing, of which 

Fig. 1 shows in longitudinal Section, a vacuum 
tube together with resonant tuning capacities in 
accordance with the invention; 

Fig. ia shows a detail used in the construction 
of Fig. 1; 

Fig. 2 illustrates a means for Sealing a metallic 
element through the vitreous Wall of the tube; and 

Fig. 3 illustrates a tube construction according 
to the invention, and a variation of the tuning 
circuit.S. 
The device of Sig. i comprises an elongated 

evacuated vessel 9, comprising insulating vessel 
walls f , 2 and 3, which may be of glass, and 
a pair of metal sections 4 and 5 of a general 
cylindrical form. The metal Sections are tapered 
at their ends which are preferably flared out 
wardly, as shown, so that they may be sealed in 
a well-known manner to the respective insulat 

O 

5 

20 

25 

50 

55 

2 
ing walls by Seals 6. At approximately the cen 
tral Section of the tube, there is placed a metal 
member 7, preferably in the shape of an annular 
disc, extending through the vitreous wall 2, and 
Sealed thereto at 8. This seal 8 may be made 
in a manner illustrated in Fig. 2. The cylinders 
4 and fS are provided with sharpened ends 4d 
and 5d., which may conveniently be flared out 
wardly, as shown. A glass bead, or rim 2a is 
sealed to the tapered end 4a. Of Section 4 in a 
well-known manner, and a similar glass bead, cur 
rim, is sealed to edge 5a of section 5. The 
glass rims are then brought together with the 
annular disc 7 therebetween. A suitable heat 
ing element 65, which may be provided by suit 
able electrical coils 66, is applied to the outer 
rim of member 7, heating it sufficiently to fuse 
the glass at 8 to create a seal with member 7. 
The cylinder 4 is used as an anode. A control 

grid 9, which may be made in any desired man 
ner, such as from a coil of wire, is attached to 
the inner circumference of the disc ... A con 
venient means for making this attachment is by 
prongs 20 (see Fig. 1d) extending from the grid 
Supports, and provided at their Outer edge With a 
hook 2. The portion of the hook, just back of 
the flange, is grooved at 22 and raised slightly at 
23. Prongs 20 are made resilient with a tendency 
to spring outwardly, so that with this arrange 
ment, the grid and its Supporting prongs 20, may 
be inserted within the right end of the elongated 
tube and moved back toward the anode 4 until 
member 23 Snaps over the inner rim of disc 
to which it may be fastened in a suitable manner. 
In this Way the placing of the extremely Small 
grid and its Secure attachment concentrically 
within the anode, can be readily affected. 
The cathode 25 is located concentrically within 

the grid 9. The cathode may be of any desired 
form, the One shown in the figure being of the 
uni-potential type in the form of a Small diameter 
cylinder provided on its outer surface with an 
active Substance for inducing electron emission. 
The cathode is Supported by a plurality of rela 
tively long Small diameter prongs 26 of a resilient 
character which makes them tend to spring out 
Wardly. This facilitates the setting of the cath 
ode within the grid in assembling, as the cathode 
can be inserted into the Wessel from the right end 
and moved to the left to its proper position con 
centrically within the grid and the anode. The 
resilient prongs 26 have cylindrical end portions 
27, which contact and slide along the inner cir 
cumference of cylinder f3. When the cathode 
reaches its proper position, the portions 27 may 
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be brazed to cylinder 5. This can be accom 
plished by first applying brazing Substance to 
the portions 27, and then heating the annular 
collar 28 of cylinder 5 to the desired brazing tem 
perature. 
The cathode heater element 29, ordinarily re 

quired for this type of cathode, nay be formed 
in an appropriate manner as by a coiled filament, 
the electrical terminal leads 30 and 3 of which 
are carried through the glass stem 32 through 
Which they are Sealed, Stem 32, together with 
its associated dish-shaped rim 33 may be formed 
of pressed glass in a mold. 
The tube as thus constructed can be inade of 

Very Small dimensions and is especially useful 
for Snail announts of power, as in stations for 
receiving radio signals. 
Suitable tuned circuits may be connected to 

provide tuning to the desired high frequency. 
These circuits may be of the cavity type pro 
vided by the metallic convolutions 34 and 35, 
forming toroidal cavities 36 and 3, respectively, 
around the vessel. One edge of wall 34 is coin 
nected with the flange 33 on cylinder 4, to which 
it may be blazed; and the corresponding edge 
of the other cavity Wall 35 may likewise be at 
tached to fiange 28 of the other cylinder 5. 
The remaining two edges of these cavity walls 
are carried to the central disc ... To permit, 
different D. C. voltages to be appliad to the 
tube electrodes, the cavity walls should be in 
sulated from disc 2, but should be coupled by 
an impedance which is relatively low at the ultra 
high frequencies. A suitable coupling arrange 
rinent is provided by inserting annuiar insulating 
discs 33 and it between the disc surface and the 
cavity Wall Surfaces, as shown. These annular 
discS inay be of mica, which has a good dielectric 
value and provides capacity coupling between the 
central disc i and the respective cavity walls. 
The dimensions of the cavities determine the 

frequency at Which the system is tuned, the 
cavity 36 serving to tune the anode-grid circuit 
and the cavity 3i tunes the grid-cathode circuit. 
The device may be used in a well-known manner, 
as an amplifiel', or if desired, as an oscillator. 
To make the tube oscillate, it is only necessary 
to provide stificient feed-back of energy from the 
Output to tha input, circuit to sustain the oscilla 
tions in a Well-known manner. As the struc 
tul'al relations of the two tubes provide a suf 
ficient feedijack path, the two cavities lay be 
connected together by passageway in a well 
known manner to provide the feedback. Out 
put energy may be taken from the tube in a 
Well-known manner, the arrangement shown be 
ing the conceitric output line composed of the 
looped condiction i: connected inside the cavity 
Wail 3, and exteriding outside through the coin 
centric tube 42, forming a concentric line. 

Fig. 3 shows a modification of the tube of 
Fig. I, the like-numbered parts being correspond. 
ing parts in the two figures. Instead of toroidal 
shaped cavitics there are provided a pair of con 
centric resonatol's 50 and 51. The resonator 58 
is formed by an inner cylindrical wall 52 co 
nected to fange 38, and an outer concentric cylin 
drical waii 53 attached to an annular member 
54 which is separated fron, the disc by the 
dielectric Sineath 55. The other resonator is 
similarly formed by concentric cylindrical Intern 
bel'S 56 and 5, the Wall 5 similarly being cou 
pled to Inember fi by the capacity due to...the 
mica annulus 58 between member 7 and annulus 
59. 
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These resonators may be tuned to different fre 

quencies by manipulation of the metallic plungers 
60 and 6 respectively, which are in the form 
of partial toroids closing the concentric lines. 
These may be moved to different positions by 
manipulation of Suitable handles 62 and 63; and 
the positions of the plungers establish the fre 
quency to which the device is tuned. 
What is claimed is: 
1. An electron discharge tube adapted for ultra 

'high frequency Operation, comprising an elon 
gated evacuated vessel, the elongated wall of 
which comprises a pair of metal sheaths Separated 
by a vitreous section sealed to said sheaths, a 
cathode located concentrically within first of said 
'Sheaths and being supported only by, and elec 
trically connected with, the second of said 
Sheaths, a metal member protruding through, and 
Sealed to, Said insulating section, a grid located 
concentrically around the cathode and only with 
in the first sheath, said grid-being supported by, 
and electrically connected to said member. 

2. An electron discharge device adapted for 
ultra high frequency operation comprising an 
elongated evacuated vessel, the elongated wall 
of Which comprises a pair of metal cylinders sepa 
rated by a vitreous cylindrical section sealed to 
Said cylinders, a cathode located concentrically 
Within the first of Said cylinders, and being con 
nected with the Second of said cylinders, a metal 
lic member Sealed through said vitreous cylinder, 
and providing a rim within said vessel, a cylindri 
cal shaped grid located concentrically around the 
Cathode and Within the first cylinder, said grid 
having resilient prong lings Snapped on said rim. 

8. An electron disciharge device adapted for 
ultra high frequency operation, comprising an 
elongated evacuated vessel, the elongated walls 
of which comprise a pair of metal cylinders sepa 
rated by a cylindrical vitreous section sealed to 
Said cylinders, a cathode located concentrically 
Within a first of said cylinders, and being con 
nected With the second of said cylinders, a metal 
lic disc in a plane transverse to said vessel and 
Sealed through said vitreous section and having 
an inner rim Within Said vessel and an outer rim 
Without said vessel, a cylindrical grid located con 
centrically around the cathode and within the 
first cylinder and connected to the inner rim of 
Said disc, and a pair of toroidal cavity walls 
around the circumference of said vessel, one of 
Said walls having an edge connected to the first 
Cylinder and another edge joined to the outer rim 
of Said disc through an insulating medium, and 
the other of Said Walls having an edge joined to 
the Second cylinder and its other edge joined to 
the rim of said disc through an insulating 
medium. 

4. An electron discharge device adapted for 
ultra high frequency operation comprising an 
evacuated vessel, the wall of which includes a 
pair of metallic Sections separated by a vitreous 
Section Sealed to the metallic sections, a cathode 
within a first of said metallic sections, a metallic 
member Sealed through said vitreous section, a 
Control grid between the cathode and the first 
metallic Section, and connected to said metallic 
member, a metallic convolution forming a cavity 
around the Wessel, and extending from the first 
Section to the metallic member, and separated 
from the metallic member by an insulating sheath 
forming a condenser dielectric, and a second 
metallic convolution, extending from the second 
metallic section to said member, and separated 
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from said member by an insulating sheath also 
forming a condenser dielectric. 

5. An electron discharge device adapted for 
ultra high frequency operation comprising an 
elongated evacuated vessel, the circumferential 
Wall Of Which includes a pair of metallic Sections 
Separated by a vitreous Section sealed to said 
metallic sections, a central conducting member 
Sealed through said vitreous Section, a cathode 
Within One of Said metallic Sections and connected 
to the other metallic Section, and a grid electrode 
Surrounding the cathode and connected with said 
Central member, a cylindrical wall connected to 
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each of the metallic sections outside the vessel 
and extending toward the respective ends of the 
Vessel, and a second cylindrical Wall concentrical 
ly Surrounding the first-mentioned cylindrical 
walls and forming concentric lines therewith, the 
Second-mentioned cylindrical wall being coupled 
to said central member. 

6. Apparatus according to claim 5, in which the 
Outer cylindrical walls are each connected with a 
metallic Surface substantially parallel to, and 
insulated from, the surface of said central mem 
ber to form a capacity coupling. 

CHARLES V. LITTON. 


