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7 Claims.

This invention relates to space discharge de-
vices such as oscillators and modulators and more

particularly to electron injection devices, that is,

devices in which electrons are injected into a
cavity resonator from a cathode located outside
the resonator. .

A feature of the invention is a central rod or
control electrode contained within the cavity res-
onator in the position ordinarily occupied by a
cathode and physically and conductively sepa-
rated from the cathode.

A further feature of the invention is that the
resulting device is useful either as an amplitude
modulator or as a frequency modulator in addi-
tion to acting as a generator of oseillations.

The invention is more particularly described
hereinafter in conjunction with the drawings in
which:

Fig. 1 is a perspective view showing the ex-

ternal appearance of the magnetron as viewed

from the side;

Fig. 2 is an end view of the magnetron of
Fig. 1; .

Fig. 3 is & side elevational view of the device
of Fig. 1 partially in section; -

Fig. 4 is a longitudinal sectional view of the
device of Fig. 1 sectioned as indicated by the
arrow 4—4 in Fig. 2 and combined with a sche-
matic diagram of electrical connection;.

Fig. 5 is a sectional view as indicated by the
arrow § in Fig. 3; o

Fig. 6 is a sectional view as indicated by the
arrow 6 in Fig. 3; and

Figs. 7 and 8 are plots of the operational char-
acteristics of the device shown in Figs. 1 and 6
inclusive, o ) o

Referring to Figs. 1 and 6 inclusive, a cathode

| is mounted coaxially within a hollow control

electrode or control anode 2 as shown in Figs.
4 and 6. 'A plurality of conductive fins 3 are ar-
ranged about a center rod or central control elec-
trode 4 as shown in'Fig. 5. The center rod 4 and

the cathode are mounted on a common axis,

spaced longitudinally and physically separated
from each other. 'Mode locking straps 30 and
31 are provided and may be set in notches in

the fins 3 as shown in Figs. 4 and 5. Straps 38~

and 31 may be placed at either or both ends of the
array of fins 3 forming with the fins 3 and shell
25 an assembly comprising a hollow main anode
50, which in the device illustrated is a magnetron
anode. A probe § is conductively connected to
one of the fins 3 as shown in Fig. 3. One or more
viewing tubés 8 may be provided if desired, so
that internal conditions within the device may
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be observed visually during actual operation.
The use of the viewing tube is recommended par-
ticularly in the case of experimental devices and
may well be dispensed with particularly if the
magnetrons are to be produced by mass produc-
tion methods.

Magnetic pole-pieces T are provided at each
end of the magnetron assembly for the introduc-
tion of the required magnetic field for magne-
tron operation in well-known manner. The pole-
pleces T are preferably hollow, the cathode { be-
ing supported within and by means of one such )
pole-piece and the center rod 4 being supported
within and by means of the pole-piece at the
opposite end of the device.

A tubulation 8 is provided and sealed off after
evacuation of the device in well-known manner.,
The cathode 1, control anode 2, fins 3 and cen-
ter rod 4 are all contained within externa] con-
ductive shell 25 which is shown as cylindrical and
having end plates 32 and 33 to which are at-
tached the magnetic pole-pieces 7. '

The cathode | contains a heating element 34
and is attached to a hollow conductive tube 38
which is supported within another hollow tube
36 attached to the magnetic pole-pieces 1. The
members 35 and 36 are insulatingly joined by a
vitreous seal 31 which supports the member 35
and the cathode assembly. One side of the heat-
ing element 34 is connected to the cathode I and
the other side is brought out and connected to a
conductive rod 38 enclosed within the tubular
element 35 and supported by insulating plugs 39
and 40 which also serve as part of the vacuum -
envelope of the device. 'The ‘control anode 2 is
conductively attached to a supporting rod 41 and
a conductive tube 42 which latter is held within
a hollow conductive tube 43 and spaced there-
from by means of a vitreous seal 44. The center
rod 4 is conductively attached to a conductive
tube 45 surrounded by ‘another conductive tube
48, the tubes 45 and 46 being joined by a vitreous
seal 41, ‘ _

The probe § extends into a wave guide fitting
21. The probe 5 and connection thereto are sur-
rounded by a hollow conductive tube 48 which is
conductively c¢onnected to the shell 25, :

A source 10 of alternating poténtial connected
through a transformer 9 is provided for heating
the heater 34 to a sufficient temperature for co-
plous “electron ‘emission. A battery {1 is pro-
vided to produce a potential difference between
the cathode 1 and the magnetron anode assembly
80, the latter comprising the fins 8, straps 30, 81
and shell 25. A potential difference of 1250 volts
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therebetween has been found satisfactory. A
battery {3 is provided for making the potential of
the control anode 2 positive with respect to the
cathode I, a potential difference between these
elements of 500 volts having been found to be
satisfactory. The center rod 4 may be operated
at the cathode potential by closing & switch 28
which is provided as shown in Fig. 4. ‘When
desired, the center rod 4 may be operated at a po-
tential difference with respect to the cathode i

10

by opening the switch 28 and closing a reversing ¢

switch 18 thereby connecting a battery 19 In
either polarity according to whether the switch
{8 is thrown upward or downward. ‘
The battery (i may be shunted by a condenser
12. The battery i3 may have connected in series
therewith a choke coil 14 which, together with
a condenser 15 which may be connected by means
of a switch 16, forms an alternating current in-
put circutt for a source 17 of modulating potential
which has one side connected to ground at 24.
Another source of modulating potential 23 may
be connected between ground 24 and through a
switch 22 and a condenser 21, the center rod 4.

A choke coil 20 is provided as part of the input

circult of the source 23, the coil being.in series
connection with the battery 19 when the switch
{8 is closed.

In the operation of the arrangement of Figs. 1
to 6 inclusive, when a suitable magnetic fleld is
supplied by way of the pole-pieces 1, the device
will oscillate to produce electromagnetic waves
over a wide range of operating condition. A

magnetic fleld of 1360 gauss has been found satis-

factory when established between the pole-pleces
1. The operating values given are illustrative
only and are not intended to limit the invention.
Under the condifions given, the device will de-
liver approximately 10 watts into the wave guide
21 by means of the probe antenna 5, provided the
wave guide 27 is terminated in & matched im-
pedance. Approximately 60 milliamperes will flow
to the oseillatory circuit 50 and approximately 3
milliamperes will flow to the control anode 2.

The mode of operation is believed to be as fol-
{ows: Electrons emerge from the hot cathode {
under the influence of the voltage on the control
anode 2 and move in orbits about the cathode be-
cause of the combined effects of the magnet fleld
existing between the pole-pieces T and the elec-
tric field between the cathode { and anode 2.
These electrons build up a dense space charge
that causes some of the electrons to drift lon-
gitudinally along the axis of the tube into the in-
teraction space between the center rod 4 and
the oscillatory circuit 50. In this region the elec-
trons are subjected to a strong radial electric field
because of the negative potential on the center
rod 4. Interacting with this electric fleld and
with the magnetic field, the electrons move in
orbits around the center rod in such a way as to
be in angular resonance with any radio frequency
field existing in the oscillator circuit. This ac-
tion in this region is in every way similar to that
occurring in a conventional magnetron and re-
sults in the same oscillation.

It will be noted that the device illustrated dif-
fers from g conventional magnetron in that the
electrons do not originate in the immediate re-
gion of the oscillatory circuit but are injected
into this region from a cathode displaced axially
a short distance from the oscillatory circuit. Be-
cause of this physical separation of the cathode
and oscillatory circuit, control of the electron

flow is not limited to the effect of the plate voit-
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age from the battery 1| as is usually the case
but is also susceptible to control by the magnitude
of the control anode voltage from the battery 13.
The effect of this voltage upon the operation of
the magnetron is shown in Fig. 7. -

Referring to Fig. 7, it is to be observed that a
change in the control anode voltage Vo varies the
output power Po and the current Ia flowing to the
oscillatory circuit. It is clear that if an oscilla-
tory voltage is superimposed on the direct current
voltage supplied to the control anode 2, the mag-
netron can be amplitude-modulated to a high
degree. Because very little current flows through
the control anode 2, as indicated by the plot of Io
in Mg. 7, the modulation can be effected with
the use of a very small amount of modulating
power. In a conventional magnetron, a similar
modulation produced by varying the plate volt-
age as from the battery Hf, is very expensive in
terms of modulating power. In Fig. 4, the source
{1 of modulating power is shown in position to be
connected to the control anode 2 by closing the
switch 6. The choke {4 insures that a high im-
pedance will be offered to the source {1. In order
to provide against a change in the potential of
the cathode | due to any change in the current
in the interna] resistance of the battery I, this
battery is by-passed by the condenser 12.

The device shown Is adaptable, by means of
design modifications which will be evident to
those skilled in the art, to make the device suit-
able for higher voltage operation. A further ad-
vantage of the increased separation of the cathode
from the oscillatory circuit, appears in high voit-
age operation due to the non-exposure of the
cathode to high electric field gradients.

The actual physical separation of the cathode
{ from the center rod & is also advantageous. Be-
eause of this separation, it is possible to vary the
electric gradient in the interaction space be-
tween the center rod 4 and the oscillatory circuit
§0 without changing the potential between the
cathode { and the oscillatory circuit 50. This
operation can be carried out by opening the switch

5 26 and inserting a voltage from the source 19

through the reversing switch 18 into the connec-
tion to the center rod #. The effect of varying
the potential of the battery 19 is shown in Fig. 8.
As the voltage Vg of the center rod with respect
to the cathode | changes from —100 volts to 4-300
volts, the power output Po goes from zero to a
meximum value and back to zero again. Over
this range, the frequency shifts by 20 megacycles
per second. Over a limited range from zero to
4-200 volts, it is observed by reference to Fig. 8
that the current flowing to the center rod changes
very little. This is the most useful range of the
characteristic for best results ih frequency modu-
1ation. Over this range the power changes by
less than 1 decibel while the frequency shifts by
10 megacycles per second. No similar simple
means has been available in conventional magne-
trons for varying the frequency. A frequency
variation can be effected for an ordinary magne-
tron by varying the plate voltage, but this varia-
tion is accompanied by a large change in out-
put power. If an alternating potential of about
100 volts peak value is superimposed upon a di-
rect-current voltage of 4100 volts applied to the
center rod 4, & frequency modulation with a 10-
megacycle per second deviation is effected. This
result can be achieved, as indicated in Fig. 8, by
closing the switch 22 thereby applying the poten-
tial of the modulating source 23 to the center rod
§ through the condenser 2(. Like the choke 14,
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the choke 20 helps to
load for the source 23.

It wil] be evident to those skilled in the art that
the invention may -be embodied in other forms
than that illustrated herein without exceeding
the scope of the invention as defined in the ap-
pended claims.

What is claimed is:

1. A space dischargs device comprising g
cathode and a central control electrode pon-
emissive of secondary electrons coaxially mount-
ed and spaced apart from each other longitu-
dinally, a hollow control anode surrounding said
cathode, and & main anode surrounding said cen-
tra] control electrode.

2. A space discharge device comprising a hol-
low anode, a central control electrode non-emis-
sive of Secondary electrons surrounded by and
mounted within said anode, a cathode external to
said anode and spaced apart from said central
control electrode and from said anode, means ad-
Jacent to said cathode to draw electrons away
from said cathode, gnd means adjacent to said
cathode and said anode to inject electrons so
drawn away from said cathode into the space
between said anode and said central control elec-
trode.

3. A space discharge device comprising g cavity
resonator, a main anode mounted within said
cavity resonator and having a central hollow
space therein, a central control electrode non-
emissive of secondary electrons mounted within
the said central hollow space of said main anode
and insulated from said cavity resonator and said
main anode, a cathode spaced apart from said
central contro} electrode and mounted coaxially
with the same and insulated from said cavity re-
‘sonator and said main anode, and a hollow con-
trol electrode mounted coaxially with said
cathode and surrounding the same and insulated
from said cavity resonator and said main anode,

4. An injection magnetron comprising a cavity
resonator, a cathode centrally mounted within
said cavity resonator, a hollow control electrode
" Swrrounding said cathode, a central contro} elec-
trode non-emissive of secondary electrons mount-
ed within said cavity resonator coaxially with
sald cathode and longitudinally displaced there-
from, and means adjacent to said cathode and
sald central controj electrode to maintain a steady
magnetic field within said cavity resonator in
the direction of the common axis\ of said elec-
trodes.

provide a high impedance
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§. An injection magnetron comprising g ‘eay.
ity resonator, a cathode centrally mounted with-
in said cavity resonator, a hollow control elec-
trode mounteq coaxially with said cathode and
surrounding the same, g central control electrode
non-emissive of secondary electrons mounted
within said cavity resonator coaxially with said
cathode and longitudinally displaced therefrom,
& main anode mounted within said cavity resona-
tor. coaxially with said central controj electrode
and surrounding the same, and means adjacent
to said cathode and said central control electrode
to maintain a steady axia]l magnetic fleld within
said cavity resonator.

6. A self-oscillatory amplitude modulator com-
prising a cavity resonator, a cathode of g space
discharge device mounted within said cavity res-
onator, a centra] control electrode mounted ¢o-
axially with said cathode and spaceg longitu-
dinally therefrom, a hollow control ancde sur-
rounding said cathode, a main anode surround-
ing said central contro] electrode, means main-
taining said cathode and said central control elec-
trode at a common Dotential, a source of supply
current connected to said main anode, and g
Source of medulating potentials connected be.
tween said cathode and said hollow control anode.

7. A self-oscillatory frequency modulator com-
prising a cavity resonator, a cathode of g space
discharge device mounted within said cavity res-
onator, a central contro] electrode mounted co-
axially with said eathode and spaced longitudi-
nally therefrom, a hollow control anode surround--
ing said cathode, a main anode surrounding said
central control electrode, means maintaining saiq
hollow control anode at g positive potential with
respect to said cathode, a source of supply cur-
rent connected to said main anode, and a source
of modulating potentials connected between said
central contro] electrode and sald cathode,
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