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5 Claims. (C. 250-27.5) 
his invention relates to vacuum tube struc 

tures and more particularly to vacuum tubes 
wherein losses due to electrons reaching the con 
trol grid are minimized. 

In known vacuum tube structures the electrons 
emitted from a cathode are attracted to a posi 
tively biased plate or anode electrode and are 
controlled during this passage by a control po 
tential applied to the grid electrode. In opera 
tion the grid may be subjected to positive poten 
tals during certain portions of a cycle. This 
tends to direct the electrons to the grid, giving 
rise to grid current and consequent lowering of 
eficiency. For this reason the grid swing of an 
oscillator, for example, may be limited below a 
fixed positive value. 
According to my invention provide a mag 
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netic field which tends to cause electrons to be 
confined to a narrow spiral path and to thus be 
prevented from contacting the control grid. 
Thus, the tube if used as an oscillator may oper 
ate with high maximum positive grid swing. 
According to another feature of my invention 

electrons passing longitudinally between a pair 
of electrodes under control of a further electrode 
may be prevented from spreading by providing a 
magnetic field along the path of travel of the 
electron. 

It is a principal object of my invention to pro 
vide a vacuum tube in which the operating eff 
ciency is improved by use of an added magnetic 
fled. 

It is a further object of my invention to provide 
a vacuum tube having a control electrode outside 
the normal path of travel of the electron stream 
and means for producing a magnetic field with 
the line of force in the direction of travel of elec 
trons between cathode and anode. 
A better understanding of my invention, as 

Well as other features and objects thereof will 
be apparent to those skilled in the art from a 
review of the particular description of my in 
vention made in connection with the accompany 
ing drawing, in which 

Figs. 1 and 2 illustrate transverse and longi 
tudinal cross sections, respectively, of a tube em 
bodying the principles of my invention. 

Fig. 3 illustrates a transverse section of a mod 
ifled form of a tube embodying features of my 
invention, and 

Fig. 4 is a longitudinal cross-section of a fur 
ther modified vacuum tube embodying further 
features of my invention. 
Turning to Figs. 1 and 2, O represents an an 
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portion of the envelope of the tube, the envelope 
being completed by a glass member sealed to 
the anode, and glass sealing ring 2 forming a 
sea between anode f and the central control 
electrode support 8. Support member 8 is also 
made of magnetic material and is maintained 
centrally of said anode by a projecting portion 

of magnetic material insulated from said con 
trol electrode support by an insulating disc . . 

Radially mounted on member 8 are a plural 
ity of control electrode members . These men 
bers may be in the form of sheets or plates or 
may be of wire mesh. A flamentary cathode 
comprising wires connected at one end to a 
ring element 8 and at the other end to terminals 

completes the tube element assembly. A con 
trol electrode lead 2 serves for supplying bias 
and control potential to control electrode assen 
bly 3, . On projecting member 4 is provided 
a magnetizing winding 2, which serves to mag 
netize electrode members O and 3 to produce a 
magnetic field between these members. The lines 
of magnetic force then extend radially from 
member 3 to anode 0, as indicated by dotted 
lines in Fig. 1. 

In Operation flaments are brought to elec 
tron emissivity and the electrons emitted are at 
tracted toward anode 0 as an average velocity 
dependent upon the positive bias of the anode. 
A control potential is supplied to grids to vary 
the electron flow in accordance therewith. This 
control potential may render grid positive 
during certain portions of cycles of operation 
tending to divert the electrons from their nor 
mal path to said anode toward the grid elements. 
This diversion is prevented, or at least substan 
tially controlled by the effect of the magnetic 
field existing between members 0 and 3. When 
an electron attempts to move across a magnetic 
field, it finds a force acting upon it which tends 
to cause it to follow a curved path. 
The radius R of curvature for the motion of 

the electron is expressed in the following equa 
tion 

|Eg R=3.37 

in which E is the measure of the electron's ki 
netic energy in electron volts in the plane of cur 
Vature, and H is the magnetic field strength at 
the point in question. The electrons are accel 
erated in the same direction as the magnetic 
field, so the initial component in a direction per 
pendicular to the field is quite small. For this 

ode made of magnetic material and forming a reason the comparatively weak magnetic field is 
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able to keep them within the confines of a very 
small radius circle. As the electrons travel away 
from the cathode they tend to disperse due to 
their mutual repulsion, causing a larger con 
ponent of movement perpendicular to the mag 
netic field. The electrons then travel in the path 
of a helical spiral, which may be controlled in 
diameter by the magnetic field strength so that 
the electrons do not reach the grid. 
This general principle of control by the mag 

netic field applies to other forms of tubes as well 
as that illustrated in Figs. 1 and 2. 
In Fig. 3 is illustrated another form of tube 

using a magnetic field to control the path of 
travel of the electrons to the anode. In this 
tube the magnetic members are entirely outside 
the tube envelope. The anodes 0, grid or con 
trol electrode member 3 and cathode flaments 
37 are arranged within an envelope , which 
may be of any desired material, glass, for exam 
ple. About the tube envelope is provided a nag 
netic system comprising a ring of magnetic ma 
terial 32 on which are formed inwardly project 
ing pole pieces 33, 34. Magnetic windings 5, 
are provided on pole pieces 33, 3 to produce a 
magnetic field across the tube envelope in line 
with the initial electron path between flaments 
3 and anodes 30. 

Fig. 4 is a fragmentary view showing still 
another form of vacuum tube using a magnetic 
field to control the path of an electron. In this 
embodiment, electrons emitted from a cathode 40, 
which may be an indirectly heated cathode, pass 
longitudinally through a cylindrical control elec 
trode 4, to an anode electrode 42. Although the 
electrons are initially moving at a high velocity 
toward anode 42 they must traverse a relatively 
long distance through the control electrode 4 
before reaching the anode. Accordingly, they 
tend to disperse and unless Some provisions are 
made to prevent it many will be attracted to 
control electrode 4 during its positive swings and 
will never reach the anode 42. 
To prevent the electrons from reaching control 

electrode 4, magnetic coil winding 43 is pro 
vided about the tube envelopes 44. The mag 
netic field within this coil will be longitudinal 
thereof and consequently parallel with the normal 
desired path of electron flow. Because of this 
the electrons may be caused to follow a spiral 
path under control of the magnetic field and 
be diverted away from contact with control elec 
trode 4f. If desired a shell of magnetic mate 
rial 45 may be provided about coil 43 to strengthen 
the magnetic field through the coil. 
Although I have described a few particular 

embodiments of my invention it should be dis 
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9,248,718 
tinctly understood that these examples serve 
merely as illustrations of my invention and not 
as limitations thereof. Many modifications 
within the scope of my invention will be readily 
apparent to those axilled in the art. What I 
consider to be my invention is embodied in the 
accompanying claims. 
What can is: 
1. A radial-type vacuum tube comprising an 

envelope, hollow cylindrical anode means, an 
electron emissive cathode within said cylindrical 
anode means, said anode receiving the electrons 
from said cathode, a control electrode disposed 
outside the normal path of electron flow from 
said cathode to said anode for controlling the 
flow of electrons to said anode, and means for 
producing a magnetic field radially with respect 
to said anode, said field being in the direction of 
said electron flow and preventing diversion of 
said electrons from said normal path. 

2. A radial-type vacuum tube comprising a 
tubular anode of magnetic material, means for 
sealing one end of said anode, a member of mag 
netic material having an external diameter 
smaller than the internal diameter of said tubu 
lar anode and positioned within said anode, 
means for sealing said member to said anode, 
both of said sealing means and at least a por 
tion of said anode fortning a chamber and at 
least a portion of said member being within said 
chamber, electron emissive means encircling 
said member, control electrode means disposed 
Outside the normal path of electron flow from 
said electron emissive means and said anode for 
controlling the flow of electrons from said emis 
sive means to said anode, and means for produc 
ing a magnetic field between said member and 
said anode, said field being in the direction of 
said electron flow and preventing diversion of 
said electrons from said normal path. 

3. A vacuum tube according to claim 1 wherein 
said anode comprises magnetic material. 

4. A vacuum tube according to claim 1, where 
in said anode is of magnetic material and forms 
a portion of the envelope of said vacuum tube, 
said control electrode comprising a centrally dis 
posed portion of magnetic material, carrying a plu 
rality of radial fins, said cathode being arranged 
between said centrally disposed portion and said 
anode, and further comprising means for apply 
ing a magnetizing force to said anode and said 
centrally disposed member. 

5. A vacuum tube according to claim 1, where 
in Said control electrode comprises a plurality of 
radially positioned vanes. 

CHARLES. W. LTTON. 


