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8 Claimis. 

This invention relates to electron discharge ap 
paratus and more particularly to such apparatus 
intended for the amplification and generation of 
high frequency electrical Waves. 

It is well known that in conventional electron 
discharge tubes the finite electron transit time 
prevents efficient operation at very high frequen 
cies due to abnormal loading of the input cir 
cuit and consequent loss of transconductance of 
the tube, excessive coupling between the input 
and output circuits and increased losses due to 
the presence of large circulatory currents at high 
frequencies. 
The principal object of my invention is to pro 

Wide an improved electron discharge apparatus 
particularly Suitable for use as an amplifier or 
OScillator at high frequencies. 
More particularly, it is an object of my inven 

tion to provide an electron discharge device in 
which electron transit time is not critically relat 
ed to the period of oscillation and in which high 
frequency losses are minimized. . . 
The various objects and features of my in 

vention will be more fully understood from the 
following detailed description of certain embodi 
ments as shown in the accompanying drawings in 
Which 

Fig. 1 is a diagram employed to illustrate the 
principle upon which my invention is based; 

Fig. 2 is a side-sectional view of an electron 
discharge apparatus showing one typical method 
of carrying my invention into effect; 

Figs. 2A, 2B, and 2C illustrate the confines of 
the electron beam produced by the apparatus 
shown in Fig. 2; 

Fig. 3 illustrates alternative electrode struc 
tures which may be used in place of the elec 
trodes shown in Fig. 2; 

FigS. 3A, 3B, and 3C illustrate the confines of 
the electron beam produced in the arrangement 
of Fig. 3; 

Fig. 4 shows a side sectional view of an electron 
discharge apparatus according to the present in 
Vention; ? 

Fig. 5 shows a still further electrode arrange 
ment; and 

FigS. 5A and 5B illustrate the confines of the 
electron beam produced by the arrangement of 
Fig. 5. 
Theoretical investigations made by myself 

(Physical Review, vol. 60, 1941, p. 385) and by J. 
P. Blewett and S. Ramo (Physical Review, vol. 
57, 1940, p. 365) have shown the formation and 
type of motion of an electron beam traveling in 
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tudinal magnetic field. Referring to Fig. 1, a 
metallic cylinder C is maintained at a positive 
potential and a constant magnetic field His gen 
erated parallei to the axis Z of the cylinder C. 
Electrons enter the cylinder C with a certain 
longitudinal velocity 2 and rapidly build up an 
electronic cloud of constant density Po which ro 
tates about the axis Z with a constant angular 
Velocity wh: then 

eH Po = 2. 

Where e represents the charge of the electron, m. 
is the mass of the electron and pio=%X1020 in 
electrostatic units, wHis Larmor's angular velocity. 
Each electron describes a helix around the 

axis Z, due to the superposition of the constant 
velocity U2 and of the rotation wH. The Space 
charge density Pois uniform throughout the beam 
and the whole electronic cloud moves like a solid 
body, gliding along the axis Z with a velocity 2, 
and at the same time spinning about the axis Z. 
of the cylinder C with the angular Welocity wH. 
This represents the stable type of motion of the 
electron beam, 
I have found that by producing periodic 

changes in the cross-sectional form or area of 
such a beam, radial vibrations are impressed 
upon it and result in oscillations which may be 
used for the purpose of amplification or genera 
tion of high frequency Waves. 
A feature of my invention resides, therefore, 

in the provision of an electron discharge appa 
ratus comprising a means for forming the elec 
trons emitted by a Source into a bean comprising 
an electronic cloud of normally constant den 
sity which rotates about a linear axis with a con 
stant angular Velocity and which simultaneously 
advances along this axis, and means for produc 
ing periodic changes in the cross sectional form 
or area of the beam at a predetermined point 
along the axis, means also being provided for ex 
tracting energy from the beam at another pre 
determined point along the axis. 

Reference should now be made to Fig. 2, which 
shows one method of carrying out my invention. 
At one end of an evacuated envelope B there is 
mounted an electron emissive cathode K and a 
beam focusing and concentrating electrode F. A 
metal cylinder C is mounted in the envelope B 
parallel to the major axis of the envelope B, and 
a target or collector electrode it is mounted at 
the end of the cylinder Cremote from the cathode 
K. Surrounding the er velope B and the cylinder side a metallic pipe under the action of a longi- C is a coil M for producing a magnetic field par 
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posed one on either side of the path of said beam 
and mounted in said tube adjacent the end 
nearest the cathode, a second pair of oppositely 
directed arcuate electrodes disposed Ole Oin either 
Side of the path of Said beam and mounted in said 
tube at a point along its 2Xis from said first pair 
of electrodes, a variable voltage source connected 
to said fist, pair of eiecti'odes for controlling a 
tradial digeision of Said bearin, and an output 
circuit connected to said second pair of electrodes 
for extracting energy fron said beam in the for in 
of Said variable voltage. 

2. Electron discharge apparatus according to 
claim 1, in Which said first pair of electrodes are 
turned 90° about said beam with respect to said 
Second pair of electrodes. 

3. An electron discharge apparatus for ampli 
fying alternating current Waves comprising, an 
envelope, means including a cathode positioned 
within Said envelope for producing and directing 
an electron beain, a netallic tube positioned aX 
ially about the path of said beam within said en 
velope, means adjacent said tube for generating 
a magnetic field parallel to the axis of said tube 
Whereby said bean is rotated about a linear axis 
With a constant velocity, means connected to said 
tube for niaintaining Said tube at a positive poten 
tial With respect to said cathode whereby said 
beam is advanced through said tube at a constant 
velocity, an even number greater than two of first 
electrodes mounted in said tube adjacent the end 
nearest the cathode and disposed substantially in 
a circle ai)out said beam, an even number greater 
than two of second electrodes mounted within said 
tube, longitudinally from said first electrodes and 
also disposed Substantially in a circle about said 
beam, an input circuit having two terminals, one 
of which is connected to alternate first electrodes 
and the other of Which is connected to the re 
maining first electrodes for periodically deform 
ing the path of rotation of Said beam, and an 
output circuit having two terminals, one of which 
is connected to alternate second electrodes and 
the other of which is connected to the remaining 
second electrodes for extracting energy from said 
beam in the form . of said alternating current 
WaWes. 

4. An electron discharge apparatus comprising 
a metallic tube, means adjacent said tube for pro 
ducing a substantially solid, generally cylindrical 
electron beam and directing it axially through 
said tube, means positioned in the vicinity of 
said metallic tube for generating a magnetic field 
parallel to the axis of the said tube whereby said 
beam is rotated, a first electrode mounted in said 
tube along the path of said beam, electrodes 
mounted within said tube and spaced from and 
co-axial with said first electrode and normally 
outside the path of said beam, a connection to 
said first electrode for applying thereto a variable 
Voltage of frequency different from and bearing 
a predetermined relation to the frequency of the 
rotation of said beam for periodically deforming 
the path of rotation of said beam whereby elec 
trons periodically strike Said electrodes, and an 
energy extracting circuit connected to said elec 
trodes adapted to remove energy from said elec 
trOn beam. 

5. Electron discharge apparatus comprising, an 
envelope, a metallic tube within Said envelope, 
means in said envelope for producing an electron 
beam having a predetermined cross-sectional area 
and for directing said beam axially through Said 
tube, means positioned in the vicinity of said me 
tallic tube for generating a magnetic field paral 
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6 
lel to the axis of said tube whereby said beam 
is rotated, radially displaced electrodes mounted 
in said tube in a position about the path of Said 
electron beam, means positioned in Said tube in 
termediate said electrodes and Said beam produc 
ing means for periodically enlarging the cross 
Sectional area of Said beam at a frequency dif 
ferent from and bearing a predetermined relation 
to the frequency of the rotation of said beam 
whereby electrons periodically strike said elec 
trodes, and an energy extracting circuit connect 
ed to Said electrodes. 

6. Electron discharge apparatus comprising an 
envelope, a metallic tube within said envelope, 
means in said envelope for producing an electron 
beam having a predetermined cross-sectional 
shape and for directing said beam axially through 
said tube, means positioned about said tube for 
generating a magnetic field parallel to the axis 
of said tube whereby said beam is rotated, elec 
trodes mounted in said tube in a position normalily 
outside the path of said electron beam, means in 
said tube intermediate said electrodes and said 
beam producing means for periodically deforming 
the cross-sectional shape of said beam at a fre 
quency different from and bearing a predeter 
mined relation to the frequency of the rotation 
of said beam whereby electrons periodically strike 
said electrodes, and an energy extracting circuit 
connected to Said electrodes. 

7. Electron discharge apparatus for generat 
ing high frequancy oscillations comprising, an en 
velope, ineans in said envelope for producing and 
generally directing an electron beam including 
a biasing electrode, a metallic tube positioned 
about the path of said beam, means positioned 
about said tube for generating a magnetic field 
parallel to the axis of said tube for substantially 
the entire length of Said beam whereby said beam 
is rotated, a first electrode mounted within said 
tube and within said envelope, a second electrode 
mounted within said tube intermediate said first 
electrode and said beam producing means, a res 
onant input circuit connected to said Second elec 
tro de for controlling a radial dimension of Said 
beam, Said resonant input circuit being tuned 
to a frequency different, from and bearing a pre 
determined relation to the frequency of the rota 
tion of said beam, a resonant extracting circuit 
connected to said first electrode, and means con 
nected to said input, and extracting circuits cou 
pling Said input and extracting circuits whereby 
said high frequency oscillations are generated 
and extracted. 

8. An electron discharge apparatus comprising 
an envelope, a metallic tube within said envelope, 
means positioned in the vicinity of said tube and 
including a cathode for producing an electron 
beam and directing said beam through said tube, 
means positioned in the vicinity of Said tube for 
rotating said beam about a linear axis. With a 
normally constant velocity, a first pair of oppo 
sitely directed arcuate electrodes disposed One 
on either side of the path of said beam and mount 
ed in Said tube adjacent the end nearest the 
Cathode, a Second pair of oppositely directed ar 
cuate electrodes disposed one on either side of 
the path of said beam and mounted in said tube 
at a point along its axis removed from said first 
pair of electrodes and turned 90° about said axis 
With respect to said first pair of electrodes, a vari 
able voltage Source connected to said first pair 
of electrodes for controlling a radial dimension 
of Said bean whereby electrons periodically strike 
Said Second pair of electrodes, and an output cir 
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cuit connected to said second pair of electrodes 
for extracting energy from said beam in the form 
of Said variable voltage. 
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