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The present invention relates to oscillatory cir-
cuits. for very short waves and particularly to
oscillatory circuits for very high frequency elec-
tron discharge tubes which make use of imped-
ances of the tube itself. )

It is an object of the invention to provide an
improved form of electron discharge device for
operation at very high frequencies. .

It is another object to provide an improved
form of electron discharge device having low re-
sistance losses and radiation characteristics.

Another object of the invention is to provide
means for making a given tube operate at the
highest possible frequency as determined by its
structure.

It is another object of the invention to pro-
vide improved oscillatory circuit structures in
which the electron discharge tube or tubes em-
ployed are contained within the circuit structure,
s0 that lead-in connection impedances are mini-
mized.

Other objects and further features of novelty
and invention will hereinafter become apparent
from a reading of the following specification in
conjunction with the drawings included herewith.
In said drawings,

Fig. 1 represents a well known Colpitts oscil-
lator circuit;

Fig. 2 represents a form of the same circuit for
operation at its highest frequency limit;

Fig. 3 represents a symmetrical oscillating cir-
cuit incorporating features of the circuit of Fig, 2;

Fig. 4 represents schematically and in partial
section a preferred form of oscillating circuit in
accordance with certain features of the inven-
tion;

Fig. 5 is a more detailed broken-away perspec-
tive showing of the oscillating circuit of Fig. 4;

Fig. 6 shows schematically another form of
oscillating circuit incorporating features of the
invention;

Fig. 7 represents a symmetrical arrangement
of oscillating circuit similar to that of Fig. 6;

Fig. 8 represents another form of oscillating
circuit incorporating features of the invention;
and—

Fig. 9 represents a more detailed showing of
the circuit of Fig. 8.

In the familiar Colpitts oscillator circuit of
Fig. 1 the grid circuit of an electron discharge
tube 1 includes on the one hand a grid capacity
to earthh C¢ and on the other hand a grid in-
ductance Lg which latter itself may be grounded
through a coil {¢ and a resistance Re. The plate
circuit of tube i includes on one hand a capacity
to earth Ca and on the other an inductance La,
which latter is connected to high voltage supply
HT through a coil fa. The two circuits just de-
scribed are interconnected by the capacitance C
inserted between the ends of inductances Lg and
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La remote from the electrodes, thus assuring a,
coupling between the two circuits. Such a cir-
cuit is well known and operates in accordance
with well-known principles.

Now, in order to obtain higher operating fre-
quencies, any external impedances for compen-
sating for inter-electrodé and lead-in imped-
ances at high frequencies must be .further re-
duced so that the upper operating frequency
limi$ circuit is approached. Theoretically, this
limit may be reached when the grid and plate
inductances consist solely of inter-electrode and
lead-in inductances and when the oscillating cir-
cuit capacitance is merely the inter-electrode
capacity of the tube. )

Fig. 2 shows a full development of such a
theoretical circuit for operating at its upper fre-
quency limit, reference characters for the various
elements being the same as in the case of Fig. 1.
The external circuit includes a simple connection
10 having a capacitance C for blocking continu-
ous current. The internal grid-to-plate capaci-
tance of the tube is indicated diagrammatically
at Cag, and the grid-to-filament capacitance and
plate-to-filament capacitances as Cg and Ca, re-
spectively. The filament may be supplied through
independent coil or other means iz.

Even though the external connection 10 Tep-
resents a minimum of inductance in the form
shown, this inductance may be toco much if the
upper oscillating frequency limit for the tube
structure is to be obtained. In order further to
Teduce this inductance, features of the invention
brovide alternate means for more nearly ap-
proaching this limit by employing a conductive
tubular screen about the axis of the tube element
(or elements of the tubes if more than one are
used) instead of line 10 and condenser C as above
described. Such an embodiment is shown
schematically with dotted lines in Fig. 2, by the
line 10’ and the capacitative coupling C’, which
represents the capacitance extending abott this
tubular screen. The screen 10’ is preferably
symmetrical about the axis of the electrode struc-
ture, extending longitudinally thereof. The im-
bedance of the connection (C, 10) is thereby
materially reduced since, as is well known, the
impedance of a coaxial structure or a substan-
tially coaxial structure is less than the imped-
ance of a structure having substantially parallel
elements, and further, since we may consider the
closed circuit obtained in this manner as a co-
axial structure. :

A two-tube oscillatory cireuit may also be made
in accordance with these considerations as shown
in Fig. 3 in which two tubes | and I’ are shown
with their plate circuits interconnected and ar-
ranged end-to-end within a tubular screen | 0.
With this multiple arrangement the capacitative
coupling (corresponding to' C or ¢’) is not em-
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ployed since the tubular screen is only connected

to grids. The plate and filament supply circuits
must traverse the screen 18’, and it is accordingly

considered preferable to supply filaments through-

relatively hizh impedances. Such a tube circuit
arrangement will have very slight energy dissi~
pation because of its reduced resistance and its

negligibly small radiation—hence, it is considered

particularly adaptable to use at very high fre-
quencies. ’

The invention thus provides oscillatory cir-
cuits the structure of which comprises a com-
bination of an extended conductor, constituting a

physically closed circuit from an electrical point

of view, and tubes the active portions of which
are arranged within the space thus defined and
enclosed, the electrical connections being made
in such a way that the circuit oscillates at its
high frequency limit.

In the embodiment schematically shown in
Fig. 4, the electron discharge tube comprises an
anode |1, which may or may not be cooled, hav-
ing a reentrant cavity 12 within which the Gther
electrodes are arranged, and ‘an insulating en-
velope 13 sealed to this ahode 1. In a preférred
form, the anocde is genérally cylindrical and sym-
metrical about g longitudinal axis. The connec-
tion to the grid electrode 14 is shown extending
generally radially outwardly and is sealed to the
insulating envelope 13 at 15, In the form shown
the grid connection extends conductively outside
the tube by mieans of a conductive shell 1§ sur-
rounding the tube for a portion of its length.
The ghell 16 may be terminated with a flange 17
which, together with a flange 18 associated with
another and similar shell 19, forms a capacitance
C, the latter shell 18 surrounding the other por-
tion of the tube and beihg directly and conduc-
tively connected to the anode tl. The filament
20 may bé supplied by appropriate means s,
‘énergy ‘so supplied being passed through insulat-
ing envelope 13 at the grid end of the tube. Other
electrodes if desiréd may also be supplied il this
manner, the leads-in being preferably coaxial.

‘In the external circuit comprising the Iwo
Shells 16 and 18 and each sids of the ¢apacitative
‘coupling 1718, one side is connected to ground
through "a coil Iz and résistance Re, and high
voltage i§ supplied to the other side through a
coil la. .

‘It will bs appreciated that operation of the
oscillating eircuit just described is analogous to
that of Colpitts oscillator of Fig. 2. For “that
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which will block contintous current.. A uniorm
spacing is preserved by insulator spacers 24, one
of which is shown in cross section on the draw-
ings. The substantially hemispherical shell 16
may likewise be provided with similar venting
opening 25, and further includes an cpening 2§
to permit the free entrance of connections 27 and

.28 to the filament. The portion of shell 15 en-
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nhecessary.

Fig. 5 is a perspective and partly broken away
view of a preferred embodiment of 4n oscillator
constructed in accordance with considerations
which have been indicated as desirable. Refer-
énce characters designating corresponding ele-
ments are repeated throughout Figs. 4, 5, 6 and 7.

Viewing the electron discharge deévice of Fig. 5
from the outside 2 portion of the anode (1 may be
seen extending outside the glass envelope 13.
This portion of the anode Il may be divided itito
a4 humniber of lorgitudinally extending fints, such
as 21, for natural or other cooling of the anode.
The shell 19, shown securely conhected through
the anode, for example by clamping means 22,
is preferably of substantially hemispherical form
and includes apérfures 23 which, in making ‘for
lighter construétion, permit better cooling of the
tube. The flarige 18 of the shell 19 is spaced from

the flange 11 of shell 16 so that the two flanges ”
75

may coopérate to fori a gapacitative coupling
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“closing the grid connection 29 of the tube is pro-

vided with a tubular extending shielding mem-
ber 30. It will be observed that this member 30
is necessary since the output from the grid of the
tube does not extend coaxially ard circumfer-
entially, but rather parallel to the filament leads.
However, a direct connection from the grid to

“the shell {6 may be made at the end of this tubu-

lar extending member, for example; by means of
a collar or clamp $1 which rigidly secures the
tubular member 30 within a conducting tube 32.
This tube 32, in conjunction with tubes 33 and 34,
which are connected in a similar way for feeding
the filament, serves as & transmission line and
may therefore replace the-coils 1r and Is of Fig. 4
by being made “équal,”say, to a quarter wave
‘length. : o
These tubes, which are substantially a quarter
wave length or a multiple ‘thereof, may be
mounted on plate members 35 separated by an
insulating plate member 35; which may be a por-
tion of a base 31, and from the external shield-
ing means 38 to which the insulation is fixed by
clamping means.. The shield 38 is shown partly
proken away in Fig.'5; it must be ciosed at its
upper end and inctudes ventilation holes 88 in
order to permit cooling of the circuit structure.
An insulated part 40 is provided as shown to eh-
able connection to be made to the anode 41
through the shield. The shield is also pierced
‘at other portions to permit coupling ‘plates 42 and
‘43 respectively to be capacitatively connected to
the grid and plate circuits of the ‘oscillator and
also connection to load line 44. S
Another embodiment is shown schematically i
Fig. 6, in which a conductor ‘tube 50, of copper

5 for example, coaxiglly surrounds a tube having an

electrode arrangement similar to that of Fig. 4,
the anode ! extending a quatrter wave-length of
‘multiple thereof from the sealing ‘cchnection to
the envelope ‘13. “This extension‘when cons:déred
‘with the corresponding portion ‘of a copper titbe
50, which is coaxial with the anode and herce
‘with the general structure of the tube, constitutes
a transmission line equivalent to coil ta.  The
conductor tube 60 at the anode end 51 s provided
‘with an aperture §2 to permit high voltage supply
to the anode. The anode Il is capdgcitatively
coupled t6 the copper tube §9 in the immediate
vicinity of the eénvelope-anode “géal by means. of
a circular conductive ‘plate 53 directly ‘connected
0 the anode, by soldering or brazing for example,
and is provided with an annular flat flange 34
which with the corresponding portion of tube 50
constitutes a capacitance. The grid lead, which
is preferaply’ circular, may be directly and con-
‘duetively connected to the tube 39, as shown at
55. At this grid end, the tube 50 is extended
from the ‘connection 554 length ‘equal to sub-
stantially & quarter wave length of the operative
fréquency or a multiple theéreof. The ‘tube 50
is terminated with a ‘circumferentially . eXtending
flange 56 which may be capacitatively associnted
with ground, as shown. TIf desired, the Aange 96
Tiiay be diréctly connected to earth by means of
o Tesistance Rg shunting the earth=to-flange 5%
‘cdpacitance. - “Within ‘the tube §9 the Aldment
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supply leads 51 may be similarly extended and
coupled to earth as shown by the plates 58.
These connections comprise, together with the
poltion of tube 50 which surrounds them, a high
impedance line which may serve the purpose of
the coil s of the preceding drawings. In this way,
the oscillating circuit of Fig, 6, is so proportioned
that a high impedance line is formed between
the fillament and the grid and high voltage sup-
ply from the anode is made over a high imped-
ance line. Such an arrangement makes for sub-
stantially reduced radiation or resistance losses
and hence substantially improved impedance and
voltage characteristics, while at the same time
making a very simple circuit which will operate
at ultra-high frequencies, .

Another embodiment of an oscillating circuit
which may provide the same advantages is shown
in Fig. 7 in which two electron discharge tubes
are shown having a direct common plate connec-
tion in order to connect them in push-pull. It is
clear that a single tube may be provided having
two electrode systems and a common anode, hol-
lowed out at both ends, instead of the two tube
structures shown. High voltage plate supply may
be intrcduced laterally through a potential con-
nection, while the conductive tube 50 may be
extended on both sides a quarter wave length
or odd multiple thereof. Grid bias may be pro-
vided for in a single resistance Rg.

In the arrangement of Fig. 7, which shows two
tubes according to Fig. 6 arranged back to back,
circuit symmetry is not necessary in order to
obtain the highest frequencies of oscillation or to
assure optimum stability. In this arrangement
power may be doubled and the capacitative cou-
pling C of the structures of Figs. 4, 5 or 54—50
of the structure of Fig. 6 diminished—an effect
which substantially reduces danger of flash over
at high voltage.

In another preferred form, double-tube cir-
cuits such as those shown by way of example
in Pigs. 8 and 9 may be employed. In Fig. 8,
which represents schematically two tubes | and
1’ having grids directly connected symmetrically
with respect to earth and through common re-
sistance Rg, the two anodes are at opposite ends
of the structure and electrically connected to the
extended cylindrical conductor 60 coaxial with
the structures of the two tubes it surrounds.
This cylinder may be provided with orifices 61
appropriately located to permit passage of a
lead-in connection 62 to parallel filaments, these
connections 62 preferably being in the form of
transmission lines adjustably suppliable from a
source 63 from points adjustably intermediate
short circuit members 64. These intermediate
points may be grounded through resistances 63.
Such an arrangement represents a complete elec-
trical circuit, one that is symmetrical, and one
in which the ccnnection impedances are reduced
to a minimum as a result of the conductive en-
velope 60 being like a coaxial line and 2also as a
result of the grid connection.

Fig. 9 represents an arrangement of two tubes
having external anodes connected in a circuit
similar to that of Fig. 8.  The structure of these
tubes is preferably such that the grid connections
comprise a conductor coaxial with the conductive
envelope 69, the length of which has been pre-
determined for the desired frequency of opera-
tion. It will be seen that the anodes of the tubes
may project externally of the closed circuit and
that they have practically no influence upon
operation of the circuit, in other words, their di-
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mensions are such as to have no effect on the os-
cillating circuit dimensions. This permits the
said anodes to be coocled by any appropriate
means. This arrangement then offers a pre-
ferred form of high power tube. Reference nu-
merals in Fig. 9 are similar to those in Pig. 8.
The grid connection may be ‘made, as shown, by
a conductive sleeve member 66 wired to the output
conductor 61—67’ of the grid. The filament
supply is not shown in full; but may be analogous
to that illustrate in Fig. 8.

Although external anode tubes have been
shown in the embodiments illustrated in the
drawings, it is apparent that the invention may
equally well be applied in cases in which the tube
envelope completely surrounds the tube ele-
ments; and an internal anode such as, for ex-
ample, in tubes having an opposed grid and plate.
Moreover, it is also applicable to multi-electrode
tubes other than triodes.

For illustrative purposes, the invention has
been described particularly in connection with
the familiar Colpitts oscillator of Fig. 1. It is to
be understood, of course, as not being limited
thereto since features of the invention may be
adapted to other known oscillator circuits, for
example, those of the Hartley, tuned grid and
plate, ultra-audion, dynatron, Meissner, etc.,
types. :

‘What is claimed is:

1. An electron discharge device including co-
axial electrode means including cathode means, -
grid means, and anode means, an envelope of in-
sulating material sealingly surrounding said elec.
trode means, electrodes of said electrode means
being formed with coaxial portions extending
externally of said envelope, and generally cylin-
drical resonator means coaxial with said elec-
trode means, said resonator means including
means capacitatively coupling said electrodes of
said grid and anode electrode means together,

2. An electron discharge device comprising -a
cathode, a generally cylindrical control grid sub-
stantially coaxial with said cathode, a generally
cylindrical anode extending coaxially about said
grid and said cathode, said grid being formed
with a flared portion integrally and coaxially
throughout and extending radially outwardly,
said anode also being formed with a flared an-
nular portion integrally and coaxially through-
out and extending radially outwardly, capacita-
tive coupling means between both said flared por-
tions, and means forming an envelope sealing off
said cathode, said grid, and said anode.

3. An electron discharge device comprising con-
centric electrocde means including two coaxial
electrodes, an envelope sealed about said elec-
trodes, one of said electrodes being formed with
a flared generally coaxial annular portion ex-
tending radially outwardly from one end of said
one of said electrodes, the other of said electrodes
being formed with a flared generally coaxial an-
nular portion extending radially outwardly
through said envelope from the end of said other
electrode opposite said first-mentioned flared
portion, and coaxial coupling means between said
flared portions.

4. An electron discharge device comprising
electrode means including a cathode, a grid co-
axial therewith, and an anode surrounding said
cathode and said grid and coaxial therewith, an
envelope sealingly . surrounding said electrode
means, said grid being formed with a coaxial
portion extending externally of one end of said

.envelope, said anode being formed with a co-



axial portion extending externally of the: other.

end of said envelope, a generally cup-shaped ¢o-
axial member conductively connected to said ex-
tended portion of said anode, a generally eup-
shaped coaxial member- conductively - connected
to. said extended portion of said grid, the pe-

ripheral edges of said cup-shaped members: be=.

ing- formed with integral annular flanged: por-
tions-spaced from each other and forming a: ¢a-

pacitative coupling therebetween, and eapamta--

tive output coupling means on each of said -cup-
shaped membets.

5. An electron discharge device having e}ec—'

trades -including coaxial- control grid and anode
means, an envelope of insulating material: seal~
ingly surroundmg said -electrodes, said centrel
grid and said anode means-being formed. thh
coaxial portions extending generally long1tud1-
nally and externally of said -envelope, and. gen=
erally cylindrical resonator means coaxial with
said electrode means, said. resonator means in-
cluding means capacitativély coupling:said con-
trol grid and said anode means together.

6. An electron discharge device comprising a
sealed envelope of insulating material, an anode
element consisting of a cylindrical conductmg
member having one end projecting. within said

envelope said end having a hollow -cylindrical .

cavity, cathode and grid elements mounted with-
in said cavity, said grid element having a portien
extending outwardly of said envelope, and means
outside of said envelope forming a capamtatwe
coupling between said grid and anode.elements,

said means including a shell mounted outside of .

and about said envelope, conductively connected
to that portion of one of said elements outside
of the envelope and capacitatively related to.that
poriion of the other of said elements outside
said envelope.

. The combination according: to claim 6,
which said shell is connected to the portion-
the grid element outside of said envelope.

8. The combination according to claim 6, in
which said shell is conneected to that portion. of
the grid element outside said envelope, and in
which said last means includes a second. shell

of

connected to that portion of the anode elementl

outside of said envelope; said shells being co-
axial and spaced from one another in the longi-
tudinal direction forming the capacitative cou-
pling.

9. The combination according to claim- 6, in
which said one shell is formed as a hemispheriecal

shell connected to that portion of the grid ele- -

ment outside of said envelope, and in which said

last means includes a second hemispherical shell-
connected.to that portion of the anode-element. .

outside of said envelope, said shells being co~
axial with one another and having their. euter
peripheries spaced from one another to form-the
capacitative coupling.

10.:The combination according to: claim: 6 in:

whlch said one shell is formed as a hemispherical
shell connected to that portion of the grid ele-
ment outside of said envelope, and in which said
last means includes a second hemispherieal shell

connected to that portion of the anode element

outside of said envelope, said shells being co-
axial with one another and having their outer
peripheries spaced from one another to form the
capaeitative coupling, said hemispherical shells
being provided with venting openings.
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11, The combination according fo claim 6, in-
which said one shell is formed as 4 -hemisphetical .
shell connected: to:that portion of the grid ele-
ment outside of said envelope, and in'which said
last means includes a second hiemispherieal shell
connected -to that pertion of the anode element
outside of said envelope; said shells being.co-axial.
with. eme another and ‘having. their outer pe=
ripheries: spaced from: one anétlier to form: the
capaeitative. coupling, said last means: also in-
cluding-a conducting tube connectéd to said grid
element outside of said: envelope; and a tubtlar
member formed as. an integral extension of said-
seeond-shell rigidly and conductively supported in
said conducting tube.

12. The combination according to-claim 6, in
which said one shell is formed-as a hemispherical
shell connected to that portion of :the grid ele=
ment outside-of said envelope, and in which said
last. means includes a second hemispherical shell .
connected. to- that portion. of -the: anodé element
outside of said- envelope, -said shells being ‘co-
axial with one- another and having their -cuter
peripheries spaced from-one-another to form the-
capacitative coupling, said last means also’ in-
cluding a:conducting: tube: connected to said-grid:
element outside-of said envelope,:and a tubular
member formed as an integral extension of said -
second- shell rigidly and conductively supported .
in said conducting tube, in. combination: with a
pair; of further conducting tubes parallel to the
first conducting; tubes; and means conneetmg the
cathode element. to said pair of conducting tubes,
all. of said tubes having a length equal:to x/4.

13. An. electron discharge -device comprising a
sealed envelope of insulating material, an anode
element consmtmg of a cylindrical conducting
member having one end mounted in-said:envelope,
said -end -having.- a - hollow - cylindrical - cavity,
cathode and grid elements mounted within said
cavity, a. tubular shell' open. at. one end and
closed at its other end posmoned about- said:
envelope - with its. closed end. about. said cylin-
drical anode element,. and. means extending .
through said- envelope. conductxvely connecting
said grid element to-said shell..

14. The - combination: a.ccordmg to claim 13
with a-ground. positioned adjacent. the. open end
of:said shell, and: in.-which-the distance from the

" point. of.connection: of said shell with said grid

element. to.said: ground ‘equals’ 4.

15. The.. combination according - to- claim. 13,
with: a ground. positioned adjacent the open end
of -said shell, and an. annular flange: attached to-
the open end- of said. shell. adjacent said ground,
and-in-which the.distance from.the point-of con~ -
nection. of said shell with said.grid to said.ground:
equals. )\/4 }

16:.The . combination.. accordmg to- claim 13,

.with. a.ground: positioned adjacent. the open end

of said shell, an. annular. flange attached. to thel
open end.of said shell adjacent said ground; and:
an annular flat flange attached to-said cylindrical
anode element outside of said envelope; the dis-:
tance from the point-of connection of said shell
with. said: grid to: said-ground-and the:distance.
from-said flat: flange to the- closed: end.of said
shell:each-being.equal to-x/4,
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