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1
ThlS invention. relates to electric: discharge de-
vices and partlchlarly to an oscillator canable of
generating ultra~high frequencies.
Numerous oscillators have heretofore been de-

vised ‘for' generating high" and ultra,—hlgh fre-

quencies. In a well known system the oscillations
generated by a regeneratively ‘coupled amplifier
are stabilized by 2 tuned citcuit.  Instead.of a
feedback amplifier ‘an eléctron discharge tube
having a negative resistance may be'utilized for
generating cscillations. “The tuned cireuits  as-
sociated with a feedback amplifier or a negatwe
resistance - discharge’ device - usually ' comprise
lumped reactance elements such as capacitances
and inductances, the values of ‘which determine
the resonant frequency. A tuned mrcmt of this
typeis quasi-stationary,; that is, at-any given in-
stant the oscillating - current intensity - in “the
tuned circuit is the same at any’ point becatise

the current oscillates back and forth between the -

capacitance element and the inductaince element.
However, in such an' oscillator system the values
of the component parts of the circuit place an
upper limit on'the frequenmes that can' be gen-
erated therein, -

In order to increase the frequency which can

be generated by anoscillator it has been: sug-
gested to employ- resonant transmission. lines as
tuned- circuits. Such ‘a - resonant transmission
line is also known in the art as a Lecher wire sys-
tem. A tuned circuit of this type is non-station-
ary, that is, the current intensity at a certain
instant is ‘different ‘at different’ points of the
tuned circuit. “‘A tuned transmission liné does
not possess- discontinuities ‘such as lumped ca-
pacities and, thereforeé, standing waves-are ‘de-
veloped so that at a certaih point of the line a
voltage node - i formed  while other. portions
of the tuned cireuit have voltage maxima o1 ven-
tral segments. Oscillators associated with'a tuned
transmission line or’ Lecher wire system  have
considerable merit. They may be used for gen-
erating ultra-high frequencieés; such for example
as those of the order of three thousand mega~
cycles. * However, great difficulties have béen ex-
perienced heretofore in’order to devise oscillators
of this type which have 'an appreciable power
output at ulira-high frequencies.

Another drawback of conventional oscxlla,tors
assoclated with a tuned transmission line is that
a discontinuity is. introduced’ into the system at
the junection of the oscillator tube and the trans-
mission line.. This drawback has led to the
development of special ‘tube forms to obV1ate or
minimize such discontinuities.
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Itis an object of the-present invention; there-
fore; to provide an- oscillator capdble of generat-
ing ultra-high frequencxes with a substant1a1
power output.

“Afurther object of this invention is to provide
an oscillator-where the frequency of oscillation
is.determined by the p tysical dimensions-of the
oscillator tube. cu

Another-object of the invention is to provide
an oscillator- circuit which does not -possess any
discontinuities-such as lumped capaditics, -

Still-another objeet of the'invention is to pro-
vide an oscillator tube: structure: which: requires
2 minimum of electricleads that have o be'sealed
through theevacuated envelope.of the tube; -

In accordance with the present invention there
is  provided ‘a-high- vacuum -electron discharge
device..comprising .an outer hollow member .of
conducting material.. At least one pair of -inner

mzmbers of conducting materialis provided. “The

inner members are insulated from each otherand
disposed. within. the: outer member. . The-inner
members have substantially egual length and-one
of each pair.of inner members has a grid-like ex-
tension at each-end fhereof surrounding: a por-
tion of the.other-one of the pair.of inner mem-
bers: .. Means. coextensive with the grid-kike ex-
tensions -are -provided. for -emitting  electrons.
Each of .the grid-like extensions and thes portions
of .the outer "and rinner members coextensi
therewith serve as & three-clement vacuurn
‘while the mtermedlate sections of the men bers
serve as transmission lines. In this manner ene
or.more pairs.of three- elcmcnt vacuum. tabes are
provided.

Preferably, the outer member -is of -toroidal
shape and serves as a cathode.: One of ezch pair
of inner:members serves.as a grid, while the other
one:of -each pair.of inner members serves'as-an
anode. 'Thelength of each of the inner raembers
may be substantially ‘equal to one-half the Wave
length of the waves to'be generated.

For “a’ hetter understanding. of the .1mren-tion,
together with other and further objects théreof,
reference: is made- to' the: following description,
takenin connectlon with the accompanying draw-
ings, and its scope will be pownted out in’ the ap-

pended claxms ‘

In th_e accompanying  drawings: ]

Fig. 1is"a plan view, partly in section; of an
electric dlscharge devme embodymg thie present
1nvent10n

Fig. 2.is & .eross- sect;onal v1ew along hna 2-——2
of Fig. 1;
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Fig. 3 is a cross-sectional view along line 3—3
of Fig. 1;

Pig. 4 is a plan view similar to F1g 1 showing
means for fluid cooling the anode structure of
the discharge device;

Fig. 5 is an electric circuit diagram of the os-
cillator of Fig. 1 and its connections; ‘

Fig. 6 is a diagram of the equivalent electric
circuit of the oscillator of Fig. 1;

Fig. 7 is a plan view, partly in section, of a
modified electric discharge tube in accordance
with the invention containing two pairs of three-
element vacuum tubes;

Fig. 8 is a schematic electric circuit diagram
of the oscillator of Fig. 7; and ‘

PFig. 9 is a diagram of the equivalent electric
circuit of the oscillator of Fig. 7.

Referring more particularly to Figs. 1 to 3 of
the drawings, there is provided a high vacuum
electron discharge device i0 including an outer
member i of toroidal shape which preferably
serves as the cathode of the discharge device.
Two inner members {2 and {3 are provided with-
in cathode il extending substantially through
the entire length of cathode Ii. Inner member
i2 preferably serves as the anode of electric dis-
charge device if, and member 13 serves as the
grid thereof. Anode {2 is holiow and closed at
both ends as clearly shown in Fig, 1. Grid {3
has two perforated or grid-like extensions i4 and
15 which surround a portion of each end of anode
i2 and which may, for instance, consist of a
wire screen. The inner surface of cathode mem-
ber i@ is provided with electron emissive mate-
rial at 16 and 1. Electron emissive surfaces {6
and |7 are coextensive with perforated or grid-
like extensions 14 and 15, respectively. Heater
windings 18 and 28 are arranged outside of cath-
ode member il for heafbing electron emissive
surfaces 16 and {7 in order to provide a copious
electron flow. .

Cathode member fi may be made of glass and
may have an inner surface of electrically con-
ducting material such as a metal film. Alterna-
tively, cathode member 11 may be made of metal.
Anode member {2 and grid member 13 prefer-
ably consist of a metal of good electric conduc-
tivity such as copper or silver. Due to the skin
effect, high frequency current is localized with-~
in a very thin surface layer of the conducting
line. Hence, it is only necessary to plate the
outer surface of inner members {2 and 13 and
the inner surface of cathode member (i with
copper or silver for the purpose of reducing the
electric resistance thereof. Lead 21 connected
t0 the mid-portion of anode member §2 is sealed
through cathode member | by means of insulat-
ing seal 22. Lead 28 is connected to the mid-
portion of grid member 18 and sealed through
cathode member 11 by insulating seal 24.
leads 25, 25, sealed through cathode member {1
by insulating seals 27, 21, are connected to loop
26 inductively coupled to the mid-portion of
anode member 12.

Referring now to Fig. 4, there is illustrated
means for fluid cooling the electric discharge
device shown in Fig. 1. For this purpose anode
member {2 is provided with fluid inlets 38, 31 and
a fluid outlet 32. The cooling fluid may be in-
troduced through inlets 30, 21 and may be re-
moved from outiet 32. Tt will be understood that
anode member {2 is closed and fluidtight. In-
lets 30, 3f and outlet 32 are connected to suit-
able pipes sealed through ocuter cathode mem-

Output -
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ber tI. The pipe connections between ancde 12
and cathode member 13 should be electrically
insulated.

Referring now to Fig. 5 there is shown a sche-
matic electric circuit diagram illustrating the cir-
cuit connections of the oscillator structure shown
in Figs. 1 fo 4.- Electric discharge device {6 of
Figs. 1 to 4 is electrically equivalent to two three-
element vacuum tubes 35 and 36. The plates of
tubes 35 and 36 are connected by lead 37, the
two grids are connected by lead 38 and the cath-
odes are connected by lead 40, grounded as shown.
Lead 37 and the plates of vacuum tubes 35, $6
correspond to anode member 12 shown particu-
larly in Fig. 1. Similarly, lead 38 and the grids
of vacuum tubes 35, 36 correspond to grid mem-
ber I3 and its extensions 14, 15; lead 42 and the
two cathodes of tubes 38, 36 correspond to cath-
ode member ii{. For the purpose of applying
positive operating potential to the plates of tubes
35, 36 lead 21 connects the mid-portion of lead
37 through resistor &1 to battery 82 having its
negative terminal grounded. Bypass condenser
43 connects lead 2! to ground. For applying
negative operating potential to the grids of tubes
28, 86 there is provided lead 23 connecting the
mid-portion of grid lead 38 through resistor 44
to battery 45 having its positive terminal
grounded. Bypass condenser 46 connects lead
23 to ground. Battery 142 supplies a positive
potential to the plates of tubes 35, 36 which may
be of the order of magnitude of 1000 volts, while
batiery 45 supplies a negative potential of the
order of magnitude of 100 volts to the grids of
tubes 35, 36.

The operation of the oscillator of the inven-
tion will readily be understood with reference to
Fig. 6 showing the equivalent circuit of the oscil-
lator structure. The cathodes of tubes 35, 28 are
grounded and -the grids thereof are connected
in phase opposition. . Hence, tubes 35, 36 are ar-
ranged in push-pull. Tuned circuit 58 is con-
nected by leads 51, 51 to the plates of tubes 35,
36. - Another tuned circuit 52 is connected by
leads B3, 53 to the grids of tubes 35, 38. Tuned
circuit 58 corresponds to the tuned transmission
line represented by anode member 12. 'The dis-
tributed capacitance and inductance of the tuned

transmission line as well as the interelectrode

grid-to-plate capacitances have heen. represented
by the lumped capacitance element and induct-

.ance element of tuned circuit 59 in Fig. 6. Simi-

larly, tuned circuit 52 corresponds to the tuned
transmission line represented by grid member
{3 and grid-like extensions 14, 15. The dis-
tributed capacitance and inductance of the tuned
transmission line as well as the interelectrode
cathode-to-grid capacitances have been shown
in tuned circuit 52 of Fig. 6 as a condenser and
coil. * Lead 21 supplies positive operating poten-
tial from a battery indicated schematically : at
B+ to the mid-portion of the inductance coil of
tuned circuit 83. Lead 23 supplies negative oper-
ating potential from a battery B— to the mid-
portion of the inductance coil of tuned cireuit 52.
The ultra-high frequency output energy is de-
rived from leads 25, 25 connected to loop 26 cou-
pled, in turn, to the inductance coil of tuned
circuit 50.

It will be seen that the oscillator circuit of Fig.
6 is a push-pull connected tuned-grid tuned-plate
oscillator. In order to tune the transmission lines
represented by tuned circuits 58 and 52, anode
member 12 and grid member 13 each have ap-
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prex1mately the same ‘length -corresponding ‘to
one-Half the wave length of the oscillations to be
generated. Accordmgly, parallel resonant circuits
58 and 52 are ‘tuned to ‘approximately the same
frequency.

The -operation of ‘a -tuned-grid tuned-plate
oscillator is ‘well understood in the art, and will
be explained ‘here. for an oscillator having one
tube- only The coupling between the plate cir-
cuit and the gnd circuit of the oscillator is ef-
fected through the tube. - This electronic type
of couphng can he explamed in the following
manner. -If the “frequency of the plate circuit
is below its resonant frequency, the plate load
is inductive. Hence, the grid-to-plate interelec-
trode capacitance results in a negative value of
the effective conductance between the grid and
the cathode. If can be shown that for an in-
ductive ‘load the grid conductance is negative,
in other words, the circuit operates similar to a
negative resistance device. 'Therefore, instead of
dissipating power through‘the oscillator tube,
power is supplied from. the tube into ‘the grid
circuit as well as into the plate circuit.

It follows from the above explanation that the
parallel resonant plate circuit. of a tuned-grid
tuned-plate oscillator should have ‘a resonant
frequency which is slightly higher than the res-
cnant frequency of the parallel resonant grid
circuit. Only when this condition is met, the
efiective conductance between the grid and the
cathode has a negative value which is essential
for the operation of the oscillator. - Hence, the
effective electrical length of anode member 12
should be slightly less than the effective elec-
trical length of grid member 13, The effective
length of grid member 13 should be ecalculated
from the mid-portions of extensions 14 and. I5.
Therefore, it will be seen that, although the phys-
ical length of anode member 2 and grid mem-
ber -8 may be substantially equal,” the effective
electrical length 6f anode member 12 is shghtly
Iess than that of grid member 13 due to the éx-
tensions 14 and 15 -0of anode 12; which is’just
what is required, because a shmter electrical
length ‘of anhode member 12 will slightly ‘increase
the resonant frequency -of the parallel resonant
¢irctit in- series with the anodes.

The operation of a push-pull connected tuned-
grid tuned-plate oscillator will be obvious from
the explanations given hereinabove. ‘As clearly
shown in ¥ig. 6 the grids of ‘tubes 35 and 35 are
connected in phase cpposition, ‘Therefore, when
either tube 38 or ‘tube 36 is condiicting space cur-
rent the other one is inoperative and vice versa.
Therefore, voltage maxima or antinodes are de-
veloped ‘gt ‘the end of portions of anode memper
£2 and grid member 13. "The thus produced oscil-
lations will develop standing waves along anode
membet {2 and grid member 13, and it is obvious
that voltage nodes are formed at the mid-por-
tions of anode member {2 and grid member 13.
The standing voltage waves'in turn c¢reat stand-

ing oscillating current waves which have a-90 de~"

grees ‘phase shift in space.with respect to the
standing voltage waves. ~Accordingly, current
maxima atre developed at the mid-portions of
anode member {2 and grid member 13.. The direct
current potentials are connected to those points
of anode member (2 and grid member 13 where
the alternating current waves have their maxima.,
Cuiput loops 26 is arranged where the alternat-
ing current of anode member 12 has its maximum.

The physical length of ‘anode memper 12 and
grid ‘mémber. I8, therefore, deteriines the fre-
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quency of the osc1llator circuit. Hence, it is
feasible to generate micro-waves down to a wave
length of :one decimeter corresponding to a fre-
quency of up £0 3000 megacycles The lower limit
of the frequency to be génerated or, in other
words, the upper limit of the wave length depends
upon the physical dimensions of ‘the discharge
device’'and may be of the order of magnitude -of
one meter corresponding to 300 megacycles.

The ‘power outpit obtainable with the oscil-
lator of ‘the invention is high even af a low wave
length of about 10 to 15 centimeters. Anode
member 12 and grid member 13 are in the form
of a transmission line and, therefore, they .can
be made with a high Q, that is, with a high ratic
of ‘reactance to resistance and, hence, the losses
in the circuit atre very low. ' Furthermore, the
oscillator of the invention has a high symmetry
and the transimission linés are arranged in such 2,
mmanner-that no. discontinuities are introduced.
These factors coupled with .the combparatively
great heat dissipating power of anode member 12
and cathode member. {8 a1l contribute to a high
power output of the oscillator.

When “the frequency to be generated by the
oscillator of the invention becomes very high: or
the wave length very short, the dimensions of the
tube become very small. In this case it'may be
aﬂvanta‘geous to employ more than the equivalent
of one pair of three-element vacuum tubes.

Such a'structure has been illustrated in Fig: 7.
As shown in Fig. 7, there is provided a high vac-
uum electron dischiarge tube 5% having an outer
member- §§.6f toroidal shape which preferably
serves as-a cathode. “Within cathode member 56
there ‘are disposed two anode members 571 and
58 and two grid members 58 and §1.. Grid mem-
bér &6 is provided:with two grid-like extensions
62 and 63 of wire mesh which surround adjacent
end portions of -anode members 57 and 58, respec-
tively. - Grid member 61 also -has two grld like
exensions 64 and 65 surrounding the other end
portions ‘of ancde members 58 and 57, respec-
tively.  Electron emissive materials. 66, 67, 68
and 79, arranged on the inner. surface of cath-
ode member 56, are provided coextensive with
each grid-like extension 62, §3, 64 .and 65 For
the purpose of heating electron emissive surfaces
66, 67, 68:and 70, heater windings 11, 12, 13 and
74 are arranged about .cathode members 56.

Leads I8 and 18 .are .connected to: the mid-
portions of anode membérs 57 and 58, while leads
7¥ and 78 are connected to the mid-portions of
grid members 88 and 61, respectively. Leads 15,
, 1T end 78 are sealed through cathode member
5% by insulating seals §9. . Cathode member 56
may either be of glass with an inner metal film
such..as copper or silver or it. may consist of
metal. Ancde members 57, £8 and grid members
88, 61 preferably consist of metal which may be
copper or silver plated: as explained in connection
with Fig. 1. If desired, anode members §7: and
88 may be fluid cooled in the manner shown in
Fig. 4.

The electrical connections of electron discharge
device B8 of Fig. T are illustrated in Pig. 8.
Anode members 81, 82, shown schematically in
Fig. 8, have their mid-portions connected to an-
ode.transmission line ‘83, while grid members. 84
and 85 have their mid-portions connected to grid
Positive operating potential
is- supplied through lead 87 to: the mid-portion
of anode transmission line . 83, and negative
potential is supplied through lead 88 to the mid-
portion.of grid transmission line 86. - Anodes 81,
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82 and grids 84, 85 have approximately the same

length corresponding to one-half the wave length

of the waves to be generated.. As explained here-
inabove in connectioh with Figs. 1to 6, the equlv-
alent ‘electrical length of anode members 57 and
58 as shown in Fig. 7 should be slightly shorter
than that of grid members 80 and 61.. Actually,
the physical length of anode members 57 and %8
could be made equal to the physical length of
grid members 80 and 6i because the equivalent
electrical length of grid members 69 and 61 will
be higher in view of their extensions 62, 83, 64
and 65. .

The effective length of anode transmission line
83 from eitlier anode &1 of anode §2 to lead 81
is equal to one-half the wave length of the waves
to be generatéd or a multiple thereof. Grid
tran$mission .line 85 preferably has the same
length as anode transmission line 83 so that its
effective length from either grid 84 or grid 8%
to lead 83 is equal to one-haif the wave length
of the oscillations or a multiple thereof.

When oscillations are generated by the oscilla-
tor shown in Figs. 7 and 8, standing waves are
generated along anodes 8!, 82 and grids 84, 8E.
Due to the fact that anodes 21, 82 and grids 84,
&5 have an effective length approximately equal
to one-half of the wave length to be generated,
voltage nodes are developed at the mid-portions
of anodes 81, 82 and grids 84, §5. Similarly, the
free ends of anodes 8{, 82 and grids 84, 85 have
voltage maxima or "antinedes. The standing
waves of the current developed by the standing
voltage waves have a phase displacement of 90
degrees in space. with respect fto the standing
voltage waves, and, therefore, current maximsa
are developed at the mid-portions of anodes 8i,
82 and grids 84, 85.- The mid-portions of trans-
mission lines €3 and 88 correspond electrically 1o
the mid-portions of anodes 8f; 82 and grids 84,

85, respectively. Hence, the direct current is -

supplied to those points of transmission lines 83
and §6 where the alternating current has a maxi-
mum. -The oscillating output energy is derived
from output terminals 9%, 90 connected to loop
81 which is coupled to the mid- portmn of anode
transmlssmn iine 83.

‘The equivalent electric circuit of the oscillator
of Figs. 7 and 8 is iltustrated in Fig. 8. The cir-
cuit includes four three-element vacuum tubes
42, 93, 94-and 95. Vacuum-tubes 82 and §3 ar-
ranged in push-pull with their cathodes grounded
‘have a tuned-grid circuit 9% and tuned-plate
circuit 8%. Vacuum tubes 94, 95 also arranged
in push-pull with their cathodes grounded have
a tuned-grid circuit 98 and a tuned-plate circuit
{88. As explained in connection with Figs. 1 to
6, tuned circuits 96, 87, 98 and 108 represent the
distributed capacitances and inductances of
anode members 57, 5§ and grid members 80, 54
as well as the interelectrode capacitances of the
four vacuum tubes. Tuned grid circuits 96 and
88 have the mid-portions of their inductances
coupled by tuned- circuit {#{ corresponding to
grid transmission line §6. The negative potential
from a battery indicated at B-— is supplied to
the grids of the four tubes by lead 88. Since
tuned circuit {8i corresponds to fransmission
line &5 there is actually a conductive connection
between the hattery B— and the grids of the four
tubes, although in Pig. 9 series condensers have
been-shown in tuned circuit i814.

Similarly, tuned circuit $82 correspending to
anode transmission line 83 interconnects the
mid-portions of the inductances of tuned circuits
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97 and . 100. Lead- 87 supplies positive voltage
from’ battery B+ to the mid-portion of ‘the in-
ductance . of . tuned pircult 102. As explained
helemabove, there is a - conductwe connection
from battery B+ to the anodes of the four tubes,
although series condensers are- shown in- tuned
cireuif 182. The oscillating output energy is ob-
tained thmugh leads 99, 98 connected to lcop 91,
which in turn is coupled to the 1nducta.nce of
tuned circuit 192. This circuit operates similarly
t0. the circuit shown in F1g 6 and, therefore,
no. further explanation is needed here.

Thé discharge device shown in Fig. 1 com-
prisés only four wires which have to be sealed
through cathode mermiber {{. Also, in the dis-
charge device shown in Fig, 7 only four wires
have to be sealed 1n which greatly simplifies the
glass work. - 4

Outer toroidal member |1 of the oscillator of
Figs. 110 4 and outer member 56 of the discharge
device of Fig. 7, preferably, are used as the cath-
ode. of the discharge device. This has the ad-
vantage that since the cathode is grounded the
discharge device is at ground potential. Another
advantage is that the heater windings or the
equivalent of the filament heater system may be
arfanged outside of toroidal member 1l or 5§
and, hetice, need hot be sealed through the outer
meémber of the discharge device. Furthermore,
by using the outer toroidal member it or 56 as
the cathode the cathode emlssmn is increased.
However, for the operation of the oscillator of
the ‘invention it is entirely immaterial whether
the outer member is the cathede or the anode
If outter member 11 of Figs. 1 to 3 is used as the

- anode, mr_;er member 12 should be used as the
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cathode.
It 1s also feasible to utlhze ‘the electlovl dls-

amplifier in the ultra-high frequency field. For

' this purpose it is necessary to neutralize the inter-

electrode capacitances of the two discharge paths
of the device shown in Figs. 1 to 4 or of the four
discharge paths of the discharge device of Figs.
7 and 8 so that self-oscillation is prevented This
can be done, for instance, by cross-connecting
the grid of each tube structure to the plate of
the other tube structure through a- condenser
which will neutralize the interelectrode capac-
itances of the discharge paths. The operation
of a push-pull neutralizing circuit of this type
is well understood in the art and, hence, no fur-
ther explanation is requlred here.

While there has been described what are at
présent considered the preferred embodlments of
the’ invention, it will be obvious to those skilled
in the art that various changes and modlﬁcatlons
may be made therein without depal tmg from the
invention, and it is, therefore, aimed in the ap-
pended ‘claims to cover all such changes and
modifications as fall Wlthln the true spirit and
scope ‘of the invention.

_“What is claimed is:

1.'A high vacuum electron discharge device
comprising an outer hollow member of conduct-
ing material, at least one pair of inner members
of conducting material insulated from each other
and disposed within. said outer member, said
inner members. having substantially . equal
length, one of said inner members having an elec-
tron. controlling extension at each end thereof
surrounding a portion of the other one of said pair
of inner members, and electron emitting means
coextensive with said extensions, each of said ex-
tensmns and the portlons of said members coex—
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tensive.with said extensions constituting a three-
elemert vacuum tube with the intermediate sec-
tions of ‘said. members constltutmg transmission
lmes

2. A high vzeuum electron discharge device
comptising an outer hollow and closed  member
¢f conducting: matberial serving as a cathode, two
inner mempers of conducting material insulated
from each other and disposed within said cuter
member, said inner members having substantially
equal length, one of said:inner -members serving

s & grid and the other one as an ancde, each.one
of said grid members having a. grid- hl;e exten-
sion at each end thereof surrounding a portion
the adjacent anocde member, and electron. ewnu-
ting means along the inner. surrace of.said cath-
ode and -coextensive with said, grld—hke exten-
sions, each of sald extensions'and the portions of
the adjacent anode member and. said cathodzs
member ccextensive with said extensions con-
stituting a three-element vacuum tube with the
intermediate sections of. said members - consti~
tuting transmission lines:

3. A high vacuum electron discharge device
comprising an outer member of conducting mate-
rial having a toroidal shape and serving as 2 cath-
ode, at least one pair of inner members of con-
ducting material insulated from each other. and
disposed. within said outer member, said inner
members having substantially equal length, one
of said inner members serving as a grid.and.the
other one as an anode, each one of said grid mem-
bers. having - grid-like extension at each end
thereof surrounding a portion of the adjacent
anode member, each of said anode members being
closed at its ends to form a fluid tight structure,
means extending through said cathode member
for circulating 2 cooling fluid through said anode
member, and electron emitting means extending
along -said. grid-like extensions, each .of said ‘ex-
tensions and the portions.of the: adjacent anode
member and said- cathode member coextensive
with said extensions censtituting a three-element

vacuum - tube with the intermediate’ sections of

said members constituting. transmission lines.

4. A high vacuum electron discharge ‘device
comprising an outer mermber of conducting mate-
rial having a toroidal shape and.serving as a
cathode, at-least one pair of inner. members of
conducting maferial ‘inst ulated from each other

and disposed within said. outer member, said
inner members having substantially equal length
and forming together substantially a torus, one
of said inner members. serving as.a grid and the
other one as. an anode, each one of said grid
members having a: grid-liks extension st each
end. thereof surrourvdmor a portion: of the: adJa-
cent: anode member, lectron emissive surfaces
extending on the mner surface. of said: cathode
member along. said. grid-like e*{tensmns and
means outside of said cathodé member for heat-
ing said electron.emissive surfaces, each of said
extensions and.the portions of the adjacent.anode
member and said. cathode member coextensive
with said extensions constituting a three-element
vacuum tube with.the intermediate sections. of
said members constituting transmission lines.

5. A high vacuum. electron. discharge device
comprising: an. outer member- of conductmg ma-
terial having a toroidal shape and serving as a
cathode, at least: one pair.-of inner members. of
conducting material insulated from-each other

and disposed. within said outer member,-said in-:
ner members having substantrally equal: length’

and e:)zztendmcr .substantially through the entire

10

15

20

25

30

35

40

50

80

65

75.

10

Inner length of said.outer. -member, one.of said
inner members servmg as a grid: and the other
one:as-an. anode, each. one -of said grld members
havmg a gnd like extensmn at each end thereof
surroundmg & portion: of - the adJacent anode
member, electron emlsswe surfaces extendmg on
the.inner surface of said. cathode member along
521d. grid-like: extensions, and heater Wmdmgs
outsuie of said cathode members for heating said
electron emissive surfaces, each of said- exten- -
sions. and the portions of. the. adaacent anode
member. and said cathode member. coextensive
with said. extensions constituting a three- element
vacuum. tube with the intermediate sectmns of
said. members constrtutmg transmlssron lines.

6. A high. vacuum electron: dlscharge device
comprising an outer hollow member of conduct-
ing material, two inner members. of conductmg
material insulated from -each other and disposed
within. said .outer member, said- two-inner mem-
bers havmg substantially equal leng th;. one. of
said inner. members having a perforated exten-
sion.at.each end: thereof surrounding a portron
of the other.one of said inner members, and elec-
tron emlttmg means extendmg along said: ex-
tensxons eachof said extensions .and the portions
of said members coextensrve with said extensmns
constituting  a three-element: vacuum: tube with
the intermediate sections of said members con-
stituting transmlssmn lines..

7. A high. vacuum electron: discharge deV1ce
comprising an outer. hollow. and-closed member
of conouctxng material serving as a cathode, two
inner.members. of conducting. material insulated
flom each other.and. chsposed withinsaid-outer
member said two inner members havmg sub-
stantially equal length, one.of said inner mem-
bers serving as a.grid and the other one as an
anode, said grid member having a grid-like -ex-
tension- at. each, end. thereof surrounding a por-
tion-of-said anode member, and electron emitting
means along the inner surface of said -cathode
member-and coextensive with said grid-like ex-~
tensions, each of said:extensions and the portions
of -said anode. and cathode members coextensive
with.said extensions constituting a three-element
vacuum. tube: with the intermediate sections: of
said.members constituting: transmission lines. -

8. A high vacuum -electron discharge device
compr1s1ng an.outer member of conducting ma-
terial having a’ toroidal shape and serving asa
cathode, two inner -members of conducting ma-
terial insulated from:each other and disposed
within said .outer member, said two. inner mem-~
bers ‘having-substantially equal ‘length, each of:
said two inner members extending substantially
through a semicircle, one of said inher members
serving: as a grid and the other one as.an anode;
said. grld member having a. grid-like extension
at. each end  thereof surrounding -a portion of
said -anode. member; said anode member being
closed at.its ends to forma fluid tight structure,
means extending through said cathode member
for circulating a cooling fluid through said anode
member, and electron emitting means extending
along said grid-like extensions, each of said ex-
tensions and the portions of said anode and cath-
ode.members. coextensive "with said. extensions
constituting: a. three-element. vacuum tube. with
the intermediate sections of said members con-
stituting transmission lines, :

9. A high  vacuum- electron discharge ' device
comprising an outer, member of conducting ma-=
terial having :a:toroidal shape and serving.as-a
cathode, two inner members: ofconducting: ma-.
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terial insulated from each other and dlsposed
within said outer member, said two inner mem-
bers facing each other and having substantially
equal length, one of said inner members serving
as a grid and the other one as an anode, said
grid member having a grid-like extension at each

end thereof surrounding a portlon of said anode:

member, electron emissive surfaces extending on
the inner surface of said cathode member along
said grid-like extensions, and means outside of
said ‘cathode member for heating said electron
emissive surfaces, each of said extensions and the
portions of said anode and cathede members co-
extensive with said extensions constituting a
three-element vacuum tube with the intermedi-
ate sections of said members constituting trans-
mlssmn ‘lines.

" 10." A high vacuum electron discharge device
comprising an outer member of conducting ma-
terial having a toroidal shape and serving as-a
cathode, two inner members of conducting ma-
terial insulated from each other and disposed
within said outer member, said two inner mem-
bers having substantially equal length and ex-
‘tending substantially through the entire inner
" length of said -outer member, one of said inner
members serving as-a grid and the other one
as-an anode, said grid member having a grid-like
extension- at each end thereof surrounding a
portion of said anode member, electron emissive
surfaces extending on the inner surface of said
cathode member along said grid-like extensions,
and heater windings outside of said cathode
member for heating sald electron emissive sur-
faces, each of said extensions and the portlons
of said anode and cathode members coextensive
with said extensions constituting a three-element
vacuum tube with the intermediate sections of
said members constituting transmission lines.

11, An oscillator for generating ultra-short
waves comprising an outer hollow member of con-
ducting mafterial, at least one pair of inner mem-
bers of conducting material insulated from each
other and disposed within said outer member, said
inner members having substantially equal length
corresponding to substantially one-half the wave
length of the waves to be generated, one of said
inner members having a grid-like extension at
each end thereof surrounding a portion of the
adjacent inner member; and electron emitting
means extending along said grid-like  extensions,
each of said extensions and the portions of said
membeérs coextensive with said extensions con-
stituting a three-element vacuum tube with the
intermediate sections of said members constitut-
ing resonant transmission lines.

12, An oscillator for generating ultra-short
waves comprising an outer member of conducting
material having a toroidal shape and serving as
a.cathode, at least one pair of inner members of
conducting material insulated from each other
and disposed within said outer member, one of
said inner members serving as an’anode and the

otherinner member serving as a grid, said inner

members having substanmally equal length corre-
spondmg to substantlally one-half the wave length
of the waves to be generated, each of said grid
members having a grid-like extension at each end
thereof surrounding a portlon of the adjacent

anode member, electron emitting means along the '

inner surface of said cathode member and: coex-
tensive with said grid-like extensions, said cathode
member being connected to ground, and means
for supplying suitable potentials coupled to the
mid-portions of said grid members and of said
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12
anode members, each of said extensions and the
portions of said anode and cathode members ¢o-
extensive with said extensions constituting a
three-element vacuum tube with the intermediate
sections of said members constituting resonant
transmission lines whereby said mid-connection -
peints become voltage nodes and the end portions
of said anode and grid members voltage maxima.

13. An oscillator for generating ultra-short
waves comprising an outer member of conducting
material having a toroidal shape and serving as a
cathode, at least one pair of innér members of
conducting material insulated. from- each other
and disposed within said outer member, one of
said inner members serving as an anode and the
other inner member serving as a grid, said inner
members facing each other and having substan-
tially equal length corresponding to substantially
one-half the wave length of the waves to be gen-
erated, each of said grid members having a grid-
like extension at each end thereof surrounding a
portion of the adjacent anode member, electron
emissive surfaces along the inner surface of said
cathode member and coextensive with said grid-
like extensions, heater windings outside of said
cathode member for heating said emissive sur-
faces, said cathode member being connected to
ground, means for supplying suitable potentials
coupled to the mid-portions of said grid members
and of said ancde members, and means coupled
to said ancde member for deriving oscillating out-
put energy of a wave length determined by the
length of sald inner members, each of said exten-
sions and the portions of said anode and cathode
memkers coextensive with said extensions con-
stituting a three-element vacuum tube with the
intermediate sections of said members constitut-
ing resonant transmission lines, said mid-connec-
tion points becoming voltage nodes and the end
portions of said grid and anode members voltage
maxima, thereby to provide a push-pull connected
tuned-grid tuned-plate oscillator,

14, An oscillator for genersating ultra-short
waves comprising an outer hollow and closed
member of conducting material, two inner mem-
bers of conducting material insulated from each
other and disposed within said outer member, said
inner members having substantially equal length
corresponding to substantially one-half the wave
length of the waves to he generated, one of said
inner members having a grid-like extension at
each end thereof surrounding a portion of the
other one of said inner members, and electron
emitting means extending along said grid-like
extensions, each of said extensions and the por-
tions of said members coextensive with said exten-
sions constituting a three-element vacuum tube
with the intermediate sections of said members
constituting resonant transmission lines.

15. An oscillator for generating ultra-short
waves comprising an outer member of conducting
material having a toroidal shape and serving as
a cathode, two inner members of conducting ma-
terial -insulated from each other and disposed

"within said outer member, one of said inner mem-

bers serving as an ancde and the other ohe as a
grid, said inner members forming together sub-
stantially a torus and having substantially equal

length corresponding to substantially one-half the
wave length of the waves to be generated, said
grid member having a, gr1d-hke extension at each
end thereof surrounding a portion of said anode’

member, electron ermttmg means along the inner
surface of said cathode member and coextenSWe
with said grid-like extensions, said cathode mem-
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ber being connected to ground, and means. for
supplying suitable potentials coupled to the mid-
portions of said grid member and of said anode
member, each of said extensions and the portions
of said anode and cathode members coextensive
with said extensions constituting a three-element
vacuum tube with the intermediate sections of
said members constituting resonant transmission
lines whereby said mid-connection points become
voltage nodes and the end portions of said grid
and anode members voltage maxima.

16. An oscillator for generating ultra-short
waves comprising an outer member of conducting
material having a toroidal shape and serving as
a cathode, two inner members of conducting ma-
terial insulated from each other and disposed
within said outer member, one of said inner mem-
bers serving as an anode and the other one as a
grid, said inner members extending substantially
through the entire inner length of said outer
member and having substantially equal length
corresponding to substantially one-half the wave
length of the waves to be generated, said grid
member having a grid-like extension at each end
thereof surrounding a portion of said anode mem-
ber, electron emitting means along the inner sur-
face of said cathode member and coextensive with

10

15

20

25

14

said grid-like extensions, said cathode member
being connected to ground, means for supplying
suitable potentials coupled to the mid-portions of
said grid member and of said anode member, each
of said extensions and the portions of said anode
and cathode members coextensive with said ex-
tensions constituting - a three-element vacuum
tube with the intermediate sections of said mem-
bers constituting resonant transmission. lines,
whereby said mid-connection points become volt-
age:nodes and the end portions of said anode and
grid member voltage maxima, and a loop at the
node of said anode for deriving oscillating output
energy of a wave length determined by the length
of said inner member, thereby to provide a push-
pull connected tuned-grid tuned-plate oscillator.
CLYDE E. HALLMARK.
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