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This invention relates generally to high-fre 
quency radio devices and more particularly to 
Such devices in Which ionization of the medium 
Within a tube of the device is involved in the 
operation of the device. 

In my copending U. S. patent applications, Se 
rial Numbers 49,736 and 66,113, filed on September 
17, 1948, and December 18, 1948, respectively, 
now respectively Patents Nos. 2,548,225 and 
2,540,537, there were disclosed and claimed cer 
tain radio tubes and associated circuits that de 
pended for their operation on the cumulative 
ionization of the medium within the tubes, 
which ionization was produced by the “trapping' 
of the electrons within the tube envelopes. 
In the present invention, a high frequency 

electric field is combined with a magnetic field 
of critical intensity value, proportional to the 
frequency of the electric field, whereby a reso 
nance condition is produced between the orbits 
of the electrons and the applied radio frequency 
electric field. Under these conditions the elec 
trons will absorb energy from the high frequency 
field and this energy is available for ionization. 
With this ionization, the ion density is increased 
rapidly and a short build-up time is had. 
Under these critical Operating conditions, it 

is not necessary either to coat the Cathode or 
heat the cathode as the increased ionization. 
starting from residual free electrons in the med 
ium becomes a new Source of electrons for the 
cumulative ionization. 
My discovery is applicable generally to high 

frequency devices that depend for their operation 
on cumulative ionization. For example: the ef 
ficiency of operation of a transmit-receive (TR) 
tube in a radar System, used to isolate the re 
ceiver from the transmitter during transmission 
periods, depends upon increases in ion densities 
and the rapidity of ionization and deionization 
of the medium within the tube. I have increased 
the rapidity of these functions and increased the 
ion density by applying a magnetic field gen 
erally at right angles to the plane of the paths 
of the electrons in the medium within the tube 
and adjusting the strength of the magnetic field 
to such a value that the frequency of electron 
motion is equal to the operating frequency of the 
system. With such an arrangement it is prac 
tical to operate the tube at lower preSSures. 

It has been discovered that when this reSO 
nance relation of the frequency of electron mo 
tion to the operating frequency is applied to a 
device or system, a much more positive or aug 
mented ionization occurs and an improvement 
in operating efficiency is had, 
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The frequency of electron motion under the 

influence of a magnetic field is in accordance 
with the equation: 

(1) 
where H is the strength of the magnetic field, e 
is the charge of the electron, m is the mass of 
the electron, all in MKS System units. As it 
has been found that the critical optimum op 
erating condition of the device is had When the 
frequency of operation is equal to the frequency 
of electron rotation, the strength of the magnetic 
field for the improved optimum operation will 
be in accordance with the equation: 

2nfm. 
Te (2) 

where f is the operating frequency of the device 
in cycles per second and H, 77 and e are in MKS 
units, as in Equation 1. 
In the remainder of this Specification and the 

appended claims, this equation will be identi 
fied as “Equation 2.’ 
This discovery is applicable with equally bene 

ficial results in operation, to other high-fre 
quency devices, such as demodulators, rectifiers 
and magnetrons, as will be fully described here 
inafter. 
The principal object of the invention is to 

provide an improved method of and means for 
increasing the efficiency of operation of high 
frequency radio tube devices operating with in 
termittant ionization, by applying thereto mag 
netic fields of critical values. 
Another object of the invention is to provide 

an improved method of and means for increasing 
the efficiency of operation of said high frequency 
radio tube device by applying thereto magnetic 
fields of a strength proportional to the frequency 
of electron rotation frequency of the device. 
Another object of the invention is to provide 

an improved methods of and means for increasing 
the efficiency of operation of said high frequency 
radio tube devices by applying thereto a magn 
netic field of a strength represented by Equation 
2 hereof. 
A further object is to provide improved meth 

ods of and means for operating cold cathode 
tubes in a manner wherein the charged par 
ticles due to ionization traverse orbits resonant 
to the Operating frequency. 
Other objects of the invention will be apparent 

from the various embodiments and features of 
the invention as will be described in detail here 
inafter and by reference to the accompanying 
drawings in which: 
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Figure 1 is a line sketch of a TR tube coupled 
to a wave guide and upon which tube is im 
preSSed a magnetic field; 

Figure 2 is a line sketch of a demodulator tube 
and associated circuits, upon which tube is im 
pressed a magnetic field; 

Figure 3 is a line sketch of a coaxial conductor 
On an evacuated portion of which is impressed 
a magnetic field, the coaxial Conductor being 
connected to associated circuits to form a high 
frequency rectifier; 

Figure 4 is a line sketch in perspective of a 
novel ionizable split anode magnetron upon the 
medium of which is impressed a magnetic field; 
and 

Figure 5 is a line sketch in cross section of a 
novel ionizable multicavity magnetron upon which 
is impressed a magnetic field. 

Like reference characters refer to like elements 
throughout the drawingS. 
With reference to Figure 1, numeral repre 

sents the cavity resonator of a TR tube or box 
in which are positioned the electrodes 2 and 
3. This tube f is connected physically to wave 
guide 4 and is coupled thereto through window 
5. Around the two electrodes 2 and 3 are po 
sitioned the magnet coil 6. The strength of the 
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magnetic field is adjusted in accordance with . 
Equation 2 hereof. 
The magnetic field is indicated by the arrow i 

as being generally at right angles to the paths 
of electrons from electrode 2 to electrode 3. Due 

30 

to the general shape of electrode 3 in relation to 
that of electrode 2, the magnetic field could be 
impressed upon the medium at right angles to 
that shown by the arrow H. 

In operation: When a voltage difference first 
appears between electrodes. 2 and 3 due to the 
voltage rise at the beginning of a transmitter 
pulse, a few free electrons start to flow there 
between. 
In all TR tubes, the density of the electrons 

flowing between the electrodes must rise to a con 
siderable value before the medium becomes suffi 
ciently conductive. In accordance With the in 
stant invention, by applying a magnetic field of 
the critical Value to the mediurn as hereinbefore 
defined, the free electrons are trapped Within the 
medium, their paths become much longer and 
ionization of the medium occurs at a greater rate. 

It has been found in operation, that when a 
critical magnetic field is impressed on the tube, 
the pressure Within the tube can be lower than 
that usually required for these tubes. The mean 
free path for molecular collision is longer for the 
lower pressures and provides faster deionization. 
Gas pressures of 10-2 and 108 mm. of Hg have 
been found to give eXcellent results. 
My discovery has been applied to a Section of a 

coaxial line conductor to provide, With outside 
circuits, a more efficient demodulator, which pro 
vides better high frequency response and elimi 
nates the necessity for a hot cathode. In Figure 
2, a section of the coaxial conductor 7 is blocked 
off by glass beads 8 and the outer section of the 
conductor is expanded to form the anode-en 
velope 9. Cold cathode it is positioned axially 
the envelope 9 and is connected to the axis con 
ductor . A magnetic field is impressed upon 
the medium within envelope 9 by the electro 
magnetic coil 6. 
Connected to envelope 9 and cathode 0 is an 

adjustable section shown generally at 2, which 
is tuned for optimum operation by moving the 
piston f3 by handle 4. 
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4. 
In operation: The outer conductor 5 of the 

resonant Section 2 is maintained positive by the 
electric source 6, which is connected also through 
the primary of transformer 8 to the axial con 
ductor f . Capacitor 9 parallels electric source 
26 to by-pass the demodulated frequencies. The 
Output energy is Withdrawn from the circuit from 
the Secondary of transformer 8. The ionization 
of the medium and the trapping of the electrons 
Within envelope 9 are as previously disclosed, With 
the efficiency of the arrangement augmented at 
the frequency: 

f=fe. 22 (1) 

My discovery has been applied to a high-fre 
quency rectifier, as shown in Figure 3, which op 
erates under the same general principles includ 
ing a magnetic field, as the demodulator shown 
in Figure 2, except that the arrangement Op 
erates over other portions of the characteristic 
curves of the tube, as is Well knoWin in the art. 
However, the eficiency of the arrangements, as 
in the case of the denodulator is increased When 
a magnetic field of critical value is applied to 
the medium between glass beads 8 in which is 
located the cathode 0 which includes contiguous 
end plates (d. The anode 9 is a section of the 
outer conductor 5, separated physically from 
the conductor 7 by capacitor connection. 20. The 
resonant cavity 2 is tuned by sliding piston 3 
which is moved by handle 4. Outer anode con 
ductor 5 is maintained at a positive potential 
from source 6, which is by-passed by capacitor 
48. The output of the rectifier is through a 
filter comprising inductor 2 and capacitor 22. 
One side of capacitor 22 is connected to ground 
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23, to cathode lead , and to one of the outlet 
terminals. 24. The other side of capacitor 22 is 
connected to one end of inductor 2 and the other 
outlet terminal 24. The other end of the in 
ductor 2 is connected to the anode 5through 
the electric source 6 and capacitor 9. 
In Figures 4 and 5 are shown magnetrons of 

the split anode type and the resonant multi 
cavity type, respectively. These differ from the 
conventional types in that, among other things, 
they have gaseous media of a predetermined very 
low pressure range. In applying my discovery 
to magnetrons, the magnetic field is made to 
serve two purposes. First, it is used to provide 
the operating field of the tube and secondly, it 
is used to provide the trapping magnetic field of 
the critical value whereby ionization of the gase 
ous medium of the tube is accomplished. 
In Figure 4, the magnetic field is applied by 

magnet poles 25 upon the medium of the tube 
between cathode and split anode section 26. 
The magnetic field may also be produced and ad 
justed to the critical value for the frequencies 
involved, by Substituting an electromagnetic coil 
and a source of variable electric power. . . . . . 
In Figure 5, there is shown the application of 

my discovery to a multicavity magnetron. The 
magnetic field is applied by permanent magnet 
poles 25 to the magnetron through the nonmag 
netic material forning the envelope and body 27 
of the magnetron. Cathode 0 is mounted in the 
axis of the central resonance chamber Which is 
in communication with cavities 28 through slits 
in the main body. Slits 29 connect the central 
chamber with other cavities, not shown. AS 
hereinbefore pointed out the cathode 0 need not 
be coated or heated. The pole pieces 25 may be 
shaped, such as is shown at 30, to apply a non 



S 
iiniform magnetic field to the magnetroin. High 
er efficiencies may be obtained, especially with 
magnetrons operating with gases at relatively low 
preSSure values, when the magnetic field is not 
uniform and is concentrated along the axis of the 
magnetroll. ...' . . . . . . 

The relation between the variables as defined in 
Equation 1, does not apply strictly to the multi 
cavity type of magnetron as the interaction be 
tWeen cavities in annulticavity magnetron is Well 
known to be different from the interaction be 
tween circuits connected to a multisector or split 
anode type of magnetron. However, there does. 
exist for the multicavity imagnetrons a relation 
between the operating frequency, the anode 
Woltage and the in pressed ragnetic field as ex 
pressed by the equation: 

10463 
X, (3) 

Where Wp is the anode Voltage, rip is the anode 
radius, ra is the cathode radius, in is the ratio 
of the angular frequency of the electron to the 
angular velocity of the electron, Ae is the operat 
ing wave length and B2 is the magnetic field (see 
“Vacuum Tubes' by Spangenberg, equation 
i8.98t, page 662). 

In the claims appended hereto, this equation 
Will be identified as “Equaticia 3.’ 
There is thus provided methods of and means 

for Operating high-frequency radio tubes at 
greater efficiencies and using gaseous mediums 
at relatively low pressures, by applying critical 
values of magnetic fields to the medium of the 
tubes, defined by the Equations 2 and 3 here 
Of, to effect prompt trapping of the electrons in 
resonant OrbitS Within the mediure of the tube 
and thereby cause cumulative ionization. 

I claim as my invention: 
... A transmit-receive SWitch for a high-fre 

quency Wave guide Systern comprising: means 
forning a cavity resonator tuned by dimensions 
to said frequency, means coupling said cavity 
resonator to said guide, two electrodes mounted 
respectively on opposite electric-field sides of said 
cavity resonator and in Spaced relation to each 
other, and means adjacent said electrodes for 
applying a magnetic field upon the medium with 
in the cavity resonator. 

2. A transmit-receive SWitch for a high-fre 
quency Wave guide System comprising: means 
forming a cavity resonator tuned by dimensions 
to Said frequency, means coupling said cavity 
resonator to Said guide, two electrodes mounted 
respectively on opposite electric-field sides of said 
cavity reSOnator and in Spaced relation to each 
other, and means adjacent Said electrodes for 
applying a magnetic field upon the medium. 
Within the cavity resonator, and generally at right 
angles to the electro-static field between said 
electrodes. 

3. A transmit-receive SWitch for a high-fre 
quency Wave guide System comprising: means 
forming a cavity resonator tuned by dimensions 
to said frequency, means coupling Said cavity 
resonator to said guide, tWO electrodes mounted 
respectively on Opposite electric-field sides of 
Said cavity resonator and in Spaced relation to 
each other, means adjacent Said electrodes for 
applying a magnetic field upon the medium with 
in the cavity resonator, and generally at right 
angles to the electroStatic field between Said elec 
trodes, and means connected to Said magnetic 
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6 
field means for adjusting the intensity H of said 
field in accordance with the equation 

Where e is the charge and m is the mass of the 
electron in MKS units, and f is the frequency 
in cycles per second of electron orbital motion, 
Whereby the electrons are trapped between said 
electrodes an cumulative ionization of said medi 
ul. OCCurS. 

4. A demodulator device including a high-fre 
quency Coaxial conductor System, means pressure 
isolating a section of said system, the pressure 
Within the Said isolated section being less than 
atmospheric pressure, a cold emission cathode 
Within Said Section connected to the axial con 
ductor of Said System, an anode coupled to the 
Outer conductor of said system, a tunable reso 
nant coaxial conductor section coaxial with and 
connected to Said pressure isolated section, an 
output circuit connected to said tunable section, 
and means adjacent said section for applying a 
magnetic field upon the medium within the said 
preSSure isolated section. 

5. A demodulator device including a high-fre 
quency coaxial conductor system, means pres 
Sure isolating a section of said system, the pres 
Sure within the said isolated section being less 
than atmospheric pressure, a cold emission cath 
Ode Within Said Section connected to the axial 
conductor of Said System, an anode coupled to 
the Outer conductor of said system, a tunable 
resonant coaxial conductor section coaxial with 
and connected to said pressure isolated section, 
an output circuit connected to said tunable sec 
tion, means adjacent said section for applying 
a magnetic field upon the medium within the 
Said pressure isolated section, and means for 
adjusting the intensity H of said magnetic field 
in accordance With the equation 

H=2fm. 
e 

Where e is the charge and m is the mass of the 
electron in MKS units, and f is the frequency in 
cycles per Second of electron orbital motion, 
Whereby the electrons are trapped in resonant 
Orbits between said electrodes and cumulative 
ionization of said medium occurs. 

6. A rectifier device for a high-frequency co 
axial conductor System comprising: means pres 
Sure isolating a section of said system, the pres 
Sure Within the said isolated section being less 
than atmospheric pressure, a cold emission cath 
Ode Within aid Section connected to the axial 
conductor of Said System, an anode capacitatively 
coupled to the outer conductor of said system, a 
tunable resonant coaxial conductor section co 
axial with and connected to said isolated section, 
an output circuit connected to said tunable sec 
tion, and means adjacent said section for applying 
a magnetic field upon the medium within the 
Said preSSure isolated Section. 

7. A rectifier device for a high-frequency co 
axial conductor System comprising: means pres 
Sure isolating a section of said wave guide, the 
preSSure within the said isolated section being 
less than atmospheric pressure, a cold emission 
cathode within said section connected to the 
axial conductor of said system, an anode capaci 
tatively coupled to the outer conductor of said 
System, a tunable resonant coaxial conductor 
Section coaxial with and connected to said iso 
lated Section, an output circuit connected to 



7 
said tunable section, meanis adjacent said section 
for applying a magnetic field upon the medium 
Within the said preSSure isolated Section, and 
means for adjusting the intensity H of said 
magnetic field in accordance With the equation 

e 

where e is the charge and m is the mass of the 
electron in MKS units, and f is the frequency 
in cycles per second of electron orbital notion, 
whereby the electrons are trapped between said 
-electrodes and cumulative ionization of said 
smedium occurs. 

8. A high-frequency radio circuit including a 
tube having a pair of cold electrodes and which 
depends for its operation upon charged particles 
produced by ionization of the medium contained 
within the tube comprising: means connected 
to said tube for impressing high frequency wave 
energy upon said medium, means including said 
electrode for generating charged particle cold 
emission within said medium, means connected 
to said electrodes for accelerating said emission, 
means adjacent said electrodes for impressing a 
magnetic field on said medium, means connected 
to said magnetic field means for adjusting the in 
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tensity of said field to cause Said emission to for 
16W forbits resonant to the frequency of Said high 
frequency energy whereby said emitted charged 
particles absorb a portion of said high-frequency 
Wave energy and whereby said absorbed eniergy 
provides for cumulative ionization of said medium 
whereby the ion density therein is rapidly...in 
"creased when said high-frequency energy is ap 
plied thereto, :- - - - - - n . . . . . . .w 
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