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UNITED STATES PATENT office 
2,528,54. 

ELECTRON DESCHARGE DEVICE 

Wolf S. Pajes, New York, N. Y., and Richard E. 
Downing, Cambridge, Mass., assignors to Fed 
eral Telephone and adio Corporation, New 
York, N. Y., a corporation of Delaware 

Application November 1, 1945, Serial No. 626,126 
s 4. Claims. 

This invention relates to electron discharge 
devices, particularly to devices operable at ultra 
high frequencies. 
Generators or amplifiers of electric Waves in 

the centimeter range generally must avoid 
lumped inductances and capacitances in the 
resonant circuits and use instead resonant lines 
or cavities. The higher the frequency, the 
Smaller becomes the physical dimensions of the 
tube parts and, accordingly, the lower becomes 
the power dissipating capacity of the tube. 
Parallel connected resonant lines or cavities, 
have required, heretofore, complicated straps 
and connections which usually introduce unde 
sired impedances. '-- 
An object of this invention is an improved 

electron discharge device for ultra high frequen 
CeS. 
A more Specific object of this invention is a 

generator, Or amplifier, for ultra high frequen 
cies capable of high power. 
The invention is defined with particularity in 

the appended claims and one embodiment there 
of is described in the following specification and 
shown in the accompanying drawing in which: 

Fig. 1 is a plan View, with the upper portion of 
the envelope removed, of the novel electron dis 
charge device of this invention, and 

Fig. 2 is an elevational view, Sectioned along 
line 2-2 of Fig. 1. 
The envelope of the discharge device of this 

invention comprises generally, a fiattened cylin 
der With a tangentially extending neck 2. In 
the particular structural embodiment chosen for 
illustration, the cylindrical portion of the en 
velope is of metal and the neckportion is of glass, 
the two parts being hermetically sealed near the 
periphery of the cylinder. An all-glass envelope 
could, of course, be employed if desired. A flat 
tened circular anode 3 is insulatedly mounted in 
the envelope Substantially Coaxial With the cylin 
drical portion of the envelope S.O. that the circu 
lar center line of the annular Space about the 
anode is substantially tangential to the straight 
center line of the neck. For projecting a bean 
of electrons along the center of the neck, an 
electron gun 4 of conventional construction is 
placed at the outer end of the neck. The gun 
comprises a cathode 5, a control grid 6 and one 
or more accelerating and focusing electrodes . 
The unitary cylindrical anode structure is pro 

vided with a plurality, preferably an even num 
ber, of resonant cavities 8 having openings 9 uni 
formly spaced along the periphery of the anode. 
To the electrons which travel in the annular 
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Space between the anode and envelope, the anode 
presents a Smooth curved Surface, impervious 
except for cavity openings. Structurally, the 
anode should be light in Weight for easy de 
gaSSing and according to One example may com 
prise a single flat sheet metal stamping O fitted 
and attached along its edge to a metal ribbon . 
The ribbon extends transversely of the stamping 
and is shaped to the contour of the anode sur 
face and cavities. The ends of the cavities may 
be individually covered in Spaced relation with 
Small metal discS, or With single large discs 2, 
of anode diameter Spaced from a major portion 
of the Walls as indicated at ta. The anode 
Structure is Supported as a unit on a heavy stud 
and lead-in conductor 3 and is centered be 
tween the Sides of the envelope. To defect the 
electron beam in a circular path, past the cavity 
openings, a deflecting electrode may be provided 
outside and concentric with the anode. The 
focusing electrode comprises an electrode en 
closed Within the envelope or formed by the en 
velope wall itself. The Wall of the envelope or, 
in the case of a separate deflecting electrode, the 
Surface of the deflecting electrode should extend 
parallel to the face of the anode and radially in 
ward at the top and bottom of the device as 
shown in Fig. 2 So that the electrostatic field, 
represented by dotted lines in Fig. 2, will crowd 
the beam toward the center of the annular 
Space, midway between the ends of the cavity 
openings. 

In operation the anode is maintained at a high 
positive direct current potential, the outer de 
flecting electrode is grounded, and the electron 
gun electrodes are supplied with the usual pro 
gressive potentials for accelerating and focusing 
a small high Velocity beam toward, but tangen 
tially to, the anode. As the beam enters the 
annular anode Space, the electrons encounter 
the radial electrostatic field of the anode and 
defecting electrode and are deflected accord 
ingly. The radius of the curved electron path is 
a function of the potential gradient of the radial 
field and of the velocity of the electrons entering 
that field. Hence, the bean Inay be drawn into 
a circular path or spiral substantially coaxial 
with the anode by adjustment of the anode po 
tential for a given electron velocity at the gun. 
Conversely, the desired circular path may be 
given the electron beam by adjusting the acce 
erating potentials at the gun for a given radial 
gradient at the anode by means of connections 
to potentiometer 5 connected across a source of 
direct potential. Further, the angular velocity 
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of the electrons, or speed of rotation of the beam, 
may be adjusted to control electron transit time 
between cavity openings, by proportionately 
changing in the same direction both the initial 
electron velocity and the anode gradient. This 
latter adjustment is important in establishing 
the electron transit time between cavity operi 
ings. The usual space charge clouds of the elec 
tron source are confined to the neck portion of 
the envelope and are well removed from the 
curved orbit of the beam. -- 
As the electrons traverse the openings of the 

cavities, oscillatory electromagnetic energy is ex 
cited in the cavities, and by adjusting the electron 
transit time between cavity openings to approx 
imately one half the natural period of the cavi 
ties, the phase of oscillation of one cavity may 
become 180 degrees displaced from the phase of 
the adjacent cavity. The several cavities are, ac 
cordingly, effectively connected in parallel and 
high frequency energy from the entire anode may 
be withdrawn from one cavity. 
loop 4 is mounted in one cavity and is exter 
nally connected through a conductor sealed in 
the side of the envelope. The loop is shown con 
nected directly into a coaxial cable. 
While energy extracted from or given up to the 

electrons at the cavity openings may, as expected, 
bunch the electrons, it may be desirable to group 
the electrons at their source. According to this 
invention, the control grid potential is modulated 
by oscillations derived from the output loop, and 
by properly phasing the feedback energy the elec 
trons may be bunched to minimize out-of-phase 
excitation of the cavities. 

Signal voltages, too, may be applied to the con 
trol grid to amplitude modulate the beam and the 
Output high frequency. To reduce reactances in 
the feedback circuit, it may be desirable to apply 
the signal voltage to a separate control grid. A 
signal applied to one of the high potential acceler 
atting electrodes would modulate at Signal fre 
quency the velocity of the electrons in the bearin 
and Would phase modulate the output high fre 
quency current. 
The electron discharge device of this invention 

is adapted to generate or amplify ultra high fre 
quencies at power levels heretofore unattained. 
As the electrons give up their energy to the cav 
ities and gradually lose speed, they spiral toward 
the anode and eventually fallinto the anode. The 
rate at which the electrons spiral in Wardly is con 
veniently controlled by the anode potential. It is 
desirable to maintain the anode potential Suf 
ficiently high to remove the electron after but a 
few revolutions about the anode, to minimize lag 
ging out-of-phase excitation of the cavities. The 
rate at which each electron gives up energy and 
loses speed, or lags, depends of course on such 
physical factors as the size of the cavity open 
ings, and closeness of electron-to-cavity coupling. 
Since most of the electron energy may be ex 
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tracted by the cavities, a comparatively small pro 
portion of the energy is dissipated as heat at the 
surface of the anode. Further, the surface of the 
anode is inclined to the path of the oncoming 
electrons and presents a relatively large area, per 
unit of space current, for dissipating heat. 
The electron discharge device of this invention 

f 

4. 
is adapted for generation or amplification of large 
amounts of power at ultra high frequencies, is 
Simple in Construction and easy to operate. 
We claim: 
1. A high frequency generator arrangement 

comprising a cylindrical anode, including a plu 
rality of cavity resonators with openings facing 
to the curved outer surface of said anode, said 
openings being circumferentially Spaced along 
said surface, an electron gun mounted in said 
device tangentially to a circular path substan 
tially coaxial with said anode, first beam control 
ling means adjacent said gun for directing said 
beam tangentially to said circular path, and Sec 
ond beam controlling means comprising a cylin 
drical metal envelope mounted about said anode 
and means connected to said anode and said en 
velope for applying a potential therebetween for 
deflecting said beam into said circular path. 

2. An arrangement, defined in claim 1, having 
a grid electrode in the path of Said beam and 
means connected to said grid electrode for apply 
ing part of the high frequency energy of said out 
put circuit to Said grid. 

3. An electron discharge device comprising a 
cylindrical anode including a plurality of cavity 
resonators with openings facing the curved outer 
surface of said anode, said openings being cir 
cumferentially spaced along said surface, an elec 
tron gun mounted in said device tangentially to 
a circular path substantially coaxial with said 
anode, means adjacent said gun for controlling 
the tangential velocity of the electrons in said 
beam, conductor means mounted about said 
anode, and means for applying to Said anode a po 
tential positive with respect to said conductor 
means for deflecting the electrons in Said beam 
radially inwardly towards said anode. 

4. A high frequency generator arrangement 
comprising a cylindrical anode having a plural 
ity of cavity resonators with openings facing the 
curved outer surface of said anode, Said openings 
being circumferentially spaced along said Sur 
face, an electron gun mounted in said device tan 
gentially to a circular path substantially coaxial 
With said anode, an electrode adjacent said gun 
having means connected thereto for applying a 
potential for controlling the tangential velocity 
of the electrons in said beam, and means mounted 
about said anode for producing a radial electro 
static field for deflecting the electrons in said 
beam radially in Wardly towards Said anode. 

WOLF. S. PAJES. 
RICHARD E. DOWNING. 
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