
July 16, 1940. I. WOLFF 2,207,846 
ELECTRONIC DISCHARGE DEVICE 

Filed June 30, 1938 2 Sheets-Sheet l 

AA77E. 

Aaya 

Sniperitor 

Wolff Irzy i Fa 

(ittorney 

  

    

  



July 16, 1940. 1. Wolff 2,207,846 
ELECTRONIC DESCHARGE DEVICE 

Filed June 30, 1938 2. Sheets-Sheet. 2 

2 2 

3. A e 

Sniperitor 

Irvzrug Wolff 

dittorney 

  

  

  

  

  

    

  



s 

50 

SS 

Patented July 16, 1940 

UNITED STATES 
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ECTRONIC DESCHARGE DEVICE 
Irving Wolf, Merchantville, N. g., assignor to 
Radio Corporation of America, a corporation 
of elaware 

Application June 30, 1938, serial No. 216,824 
2 Cairns. 

This invention relates to a device for control 
ling the flow of electrons which operates on the 
electron transit time principle, and more par 
ticularly to an improved device for amplifying 
ultra high frequency Oscillations and for pro 
ducing the same. 
A British Patent No. 431,447, issued to Oskar 

Hell. On July 8, 1935, discloses the electron transit 
time type of ultra high frequency oscillator of 
which this invention is an improvement. 
To provide an understanding of the operation 

of my invention as an oscillator and as an am 
pifer, it is necessary to understand several fun 
damental principles. 

Figure 1 illustrates a basic circuit which is 
ShOWn for the purpose of facilitating explanation 
of these principles. A source of electrons is rep 
resented by a cathode . An anode is located as 
shown at 3. The anode is given a suitable posi 
tive potential by means of a battery 5. The dash 
lines represent a perforated mesh cage or 
enclosed space which is made to have a varying 
potential with respect to the cathode by means 
of a high frequency oscillator 9. The cathode, 
anode, and cage are enclosed within an evacuated 
chamber and the cathode heated to incan 
(descence. Assume that an electron B is liberated 
from the cathode. It will be attracted by the 
positive anode and move along a path B-3' 
through the cage toward the anode. 
The speed of the electron is determined by its 

initial velocity, by the instantaneous potential of 
the cage, and by the potential of the anode. 
The time which is required for an electron to pass 
through the cage is therefore determined by its 
speed through the case and the length of the 
cage, indicated by dimension A. Let us suppose 
the length of the cage is equal to the distance 
traveled by the slowest electron during a half 
period of the applied potential. If the poten 
tial of the cage is rapidly alternating, the speed 
of successive electrons will be different. Elec 
trons approaching the cage will be speeded up 
when the cage potential becomes most positive, 
and will be but little affected, or retarded, when 
the cage potential is least positive, or negative. 
Since it takes longer for the slow electrons to pass 
through the cage during the least positive half 
cycle of the cage, there will be a predominance 
of iconing elections, and during the most posi 
tive half cycle, due to the greatly increased veloc 
ties, outgoing electrons will predominate. The 
accumulation of electrons during the least posi 
tive, or negative, half cycle of the cage tends to 
Enske the cage potential still more negative. The 

(C. 250-36) 
reduction of the number of electrons during the 
positive half cycle tends to make the cage poten 
tial still more positive. Thus the tendency of 
the flow of electrons is to aid the oscillatory 
Woltage. 

Electrons actually contribute energy to the sys 
tem, and the energy so contributed can be made 
sufficient to overcome circuit losses and to main 
tain self-oscillation without the assistance of the 
external alternating potential source 9. In 
practice, the alternator 9 would be replaced by a 
resonant circuit, and self-oscillations would be 
Sustained. 
Suppose that an alternating potential as well 

as a positive direct potential is applied to the 
cage 7, which is constructed so that the electrons 
can pass through it. If the time required for an 
electron which enters the cage when the poten 
tial of the cage is most negative (a slow electron) 
to pass through the cage is exactly equal to the 
time required for the potential of the cage to go 
through a half period, then more energy will be 
given up by the electron during its approach to 
the cage than is taken back during its subse 
quent flight from the cage. The velocity of the 
electron is therefore decreased, 

Electrons which enter the cage when its poten 
tial is most positive pass through in a time which 
is somewhat less than a half period. Conse 
quently, more energy will be gained by the elec 
tron in its approach to the cage than will be lost 
in its Subsequent flight from the cage. The ve 
locity of the electron is therefore increased. 

It is to be noted that the electrons leaving the 
cage will be formed into groups of fast and slow 
electrons. The fast electrons catch up to the 
Slow ones, and thus the electrons will pass some 
point along the line of flight in groups contain 
ing a mixture of slow and fast electrons. At this 
point there are alternations of electron density. 
It is this characteristic which is employed in the 
process of amplification. The anode is placed at 
the point at which this grouping effect occurs. 
The arrival of successive groups of electrons at 
the anode produces a current in the anode which 
varies in accordance with the electron distribu 
tion. When the device is used as an amplifier 
the condition of self-oscillation is not required. 
The voltage which is to be amplified is applied to 
the cage electrode. 
One of the objects of this invention is to pro 

vide means for generating oscillations according 
to the principle outlined above. 
Another object is to provide means for apply. 
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Another object of this invention is to provide 

means for generating high power ultra high fre-e 
quency osciliations. 
A further object of this invention is to provide 

an efficient ultra high frequency oscillator which 
is characterized by its low inter-electrode capac 
ity and uniform resonant circuit characteristics. 
A still further object of my invention is to pro 

vide an electron beam of large area in a device of 
the type described. 

This invention will be better understood. When 
considered in connection with the acompanying 
drawings. Its scope is indicated by the appended 
claims. Similar reference numerals refer to 
similar parts throughout the several drawings. 

Referring to the drawings, 
Figure i is a schematic diagran illustrative of 

the principle on Which this invention is based, 
Figures 2 and 3 are, respectively, a side elevation 

and plan view of circuit diagrams schematically 
illustrating a practical circuit and tube electrode 
arrangement, and 

Figures 4 and 5 are an elevation and plan view, 
respectively, partly in Section, of the preferred 
structural arrangement of circuit elements and 
-tube electrodes in an oscillator of the type de 
scribed. 

Referring to Figs. 2 and 3, a centrally located 
cathode is indirectly heated by an internal fla 
ment 2 connected to a suitable source of power, 
which is not shown. This cathode is specially 
prepared so as to have its emitting area confined 
to a plurality of longitudinal areas 8 with inter 
vering nonemitting areas. The purpose of this 
is to provide an electron source which can readily 
be formed into a plurality of divergent beams of 

4. 

6 

rectangular cross section. Cathodes of this na 
ture are described in an article by H. C. Thompson 
On page 1276 of the October 1936 Proceedings of 
the Institute of Radio Engineers. 
A plurality of inner accelerating electrodes 

are concentrically spaced about the cathode in 
register with the nonemissive areas of the cath 
Ode. The accelerating electrodes, and all other 
electrodes in the tube except the cathode and 
anode, may conveniently take the form of small 
wires or rods positioned in parallel relation to the 
cathode. The inner accelerating electrodes 5 
are conductively connected together at their ad 
jacent ends and are given a positive potential 
with respect to the cathode by means of a battery 
6 or the like. 
The cage structure, which was referred to in the 

discussion above, is composed of an inner T and 
an Outer 9 ring of electrodes, arranged concen 
trically with the cathode and positioned in regis 
ter with the inner.accelerating electrodes; that is, 
the inner cage electrodes are radially in line with 
the cathode and the respective adjacent inner ac 
celerating electrodes. The outer cage electrodes 
9 are similarly in register with the inner elec 

trodes. The inner and outer electrodes are spaced 
apart a radial distance which is determined by the 
frequency and is substantially equal to the dis 
tance traveled by a slow electron during one half . 
the period of oscillation at the desired frequency. 
The inner and outer cage electrodes and is 

are connected in two groups, each enclosing a 
Space which is defined by the rotation about the 
cathode of an inner and an adjacent outer cage 
electrode through an angle less than 180°, as 
shown in Fig. 3. A push-pull arrangement is thus 

s 
obtained. A two-wire transmission line oscilla 
tory circuit 24, 23, terminates at , a convenient 
point on each group of cage electrodes. 

2,207,848 
It may be desirable to use a further set of accel 

erating electrodes outside of the cage. The eleco 
trodes 25 are shown concentrically arranged 
about the cathode in register with the inner elec 
trodes, and electrically connected to them. 
A cylindrical anode 27 Surrounds the entire 

electrode assembly. The anode is made positive 
with respect to the cathode by means of a battery 
29, or the like. The anode potential may be less 
than the accelerating electrode potential to cone 
Serve power. The Outer end of the transmission 
line 2, 23 is terminated in an antenna 3. The 
mid-point of the antenna is connected through 
a choke coil 33 and a battery 35 to ground. The 
Cathode is also grounded. 
The Operation of this device is in accordance 

with the principles outlined above. The electrons 
from the cathode are formed into a plurality of 
Wedge-shaped beams, which pass between, but do 
not touch, adjacent electrodes, and trave from 
the cathode to the anode. Energy is given up to 
the four electrodes which constitute each cage, in 
the manner described above. Oscillation is main 
tained by this energy at the frequency of the 
turned circuit represented by the transmission line 
2, 23. It is to be noted that this oscillatory cir 
cuit is the equivalent of the alternator 9 illustrated 
in Fig. . 

The number of electrodes of each type is not 
Critical, but should preferably be as large as is 
consistent with mechanical and electrical design 
considerations. If the number is large, the angle 
of divergence of the beam is small, and the regions 
of different potential are sharply defined. Too 
great a number of electrodes will reduce the cur 
rent capacity of the tube by restricting the size 
of the beams. If the number is small, the angle 
of divergence of the electron beam is large and 
the cage electrodes must be more widely separat 
ed, and are therefore only effective with respect; 
to electrons on the edge of the beam. This tends 
to reduce the efficiency. 
A preferred embodiment of my invention is 

illustrated in Figs. 4 and 5. Concentric line oscil 
latory circuits are utilized in the cage circuit and 
in the anode circuit. The arrangement shown in 
Figs. 4 and 5 makes possible a practical construc. 
tion which eliminates earlier difficulties caused 
by the high electrode capacity and long leads re 
quired to connect the elements to the necessary 
Oscillatory circuits. Amplifiers and oscillators of 
the electron transit time class are inherently lim 
ited to ultra high frequencies. Long connections 
between elements must therefore be avoided, for 
the inductance represented by the leads may pre 
vent the tuned circuits from resonating at a fre 
quency comparable to the transit time of the elec 
tron through the cage. 

High power output also demands the full use of 
available electron energy. A small pencil-like 
beam cannot deliver the power that can be ob 
tained from the plurality of beams of the type 
which have been provided in my invention. 

Referring to Figs. 4 and 5 the tube elements 
are contained within an evacuated space which is 
defined by the enlarged section 37 terminating 
the inner conductor 39 of the anode resonant con 
Centric line 4. The outer conductor tern 
nates in an enlarged portion 73 which encloses 
the inner Section 3. A sealing disc 43 is placed 
at the end of the inner conductor 39, and a seal 
ing cup 5 is placed so as to close the extremity 
of the cylindrical section 3. This sealing cup is 
of insulating material, and is sealed to the cylin 
der and to the various leads which extend 

0. 
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through it. Within the evacuated chamber there 75 
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is a centrally located cathode if similar to that 
described in connection with Figs. 2 and 3. The 
remaining electrodes comprise a plurality of for 
cusing 49, inner accelerating 5, inner cage 68, 
outer cage 55, and outer accelerating 5T electrodes 
which are all concentrically located about the 
cathode and arranged in the order named on 
radial lines extending out from the cathode. 
These electrodes are arranged in register with the 
nonemissive spaces of the cathode in the manner 
explained above in connection with Figs. 2 and 3. 
Additional focusing electrodes 49 have been added 
to the device illustrated in the preceding figures, 
however, one of which is located between the 
cathode and each inner accelerating electrode. 
Their purpose is to provide a better focus for the 
beams. They are negatively biased by means of 
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a battery 50, and therefore repel the electrons 
and cause them to segregate into narrow beams. 
The focusing electrodes $9 are connected at 

one end by an annular ring 59. The accelerating 
electrodes 5 and 5 are all mounted on and 
connected together by an annular ring 6. A 
third annular ring 63 is used to mount and con 
nect the cage electrodes 53 and 55. A perforated 
nica, disc 65 is used to hold the free ends of the 
various electrodes in position. 
A Second Or Cage circuit concentric transmis 

sion line 6 is provided, the outer conductor 69 
of which is connected to the outer conductor 73, 
which is a continuation of the anode circuit con 
centric line 4 and which encloses the entire tube 
structure. The inner conductor 5 of the cage 
concentric line is connected to the inner and 
outer cage electrodes 53 and 55. A fixed cage 
biasing potential is applied by a battery 60 
through a connection made to the inner conduc 
tor 5 at a voltage node 62. 
The length of the concentric lines 6 and if 

is adjusted So that the line resonates at the de 
sired frequency. Anode potential is obtained 
from a battery 52 through a connection 79 which 
is made at a voltage node on the inner conduc 
to 39. 
The filament leads 8 and 83, the cathode , 

the focusing electrodes 49, and the accelerating 
electrodes 5 and 5 are all at radio frequency 
ground potential. The accelerating electrodes 5 
and 57 are connected directly to the outer shell 
3, but the other elements cannot be so easily 
grounded. It is necessary to ground effectively 
the filament, Cathode and focusing elements. 
This is most conveniently accomplished by reso 
nating their connecting leads. The leads from 
these elements are brought out through the con 
centric conductors, through suitable insulators 
85, and into hollow tubes 8, 89, 9 and 93, which 
are used to tune their respective leads to reso 
nance. Connections to the biasing battery 50, 
flament energizing source, or ground, are then 
made at points of voltage node, which are ap 
proximately a quarter wave length from the end 
of the respective resonant circuits, as shown at 
95, 97, 99, G. 
When this device is utilized as an amplifier, 

the electrode potentials are adjusted so that 
osciliation does not take place. The input volt 
age which is to be amplified is introduced into the 
cage resonant circuit 6 by any convenient 
means. For example, a conductor may be coul 
pled to the inner conductor 75 of the resonant 
circuit. The voltage to be amplified is therefore 
impressed on the cage electrodes 53 and 55. 
The device illustrated in Figs. 4 and 5 is not 

push-pull connected because the outer conductor 

3 
of a concentric transmission line is conveniently 
kept at ground radio frequency potential. In 
order to properly bias the accelerating electrodes 
5 and 57, a battery 58 is connected between the 
outer shell 3 and ground. Alternatively, the 
shell 73 may be directly grounded and the cath 
ode operated at a high negative potential. 
The anode is connected to a resonant circuit 

4. Consequently, the current variations in the 
anode, due to the electron grouping which is 
caused by the applied voltage, are resolved by the 
resonant circuit into amplified voltage varia 
tions. The voltage variations so obtained are 
coupled to a utilization circuit by means of a 
coupled output conductor f05. 
One important feature of the present arrange 

ment is that a high control circuit impedance is 
maintained. The arrangement of the tube elec 
trodes is such that the cage electrodes are shielded 
from the electron beam by the accelerating and 
focusing electrodes. Consequently control is ex 
erted on the electron stream without appreciable 
power loss due to absorption of electrons from the 
stream by the cage electrodes. The shielding of 
the cage electrodes also makes possible a high 
impedance input circuit when the device is used 
as an amplifier for ultra high frequencies. 
Another important advantage of the present 

arrangement is the development of more power 
than has heretofore been possible. The large 
area of the electron beam, as well as the large 
number of separate beams which are employed, 
contributes to this result. 

I claim as my invention: 
1. An ultra high frequency oscillator which 

comprises a cylindrical cathode having a plu 
rality of longitudinal electron emissive areas and 
intervening non-emissive areas; means for ener 
gizing said cathode; a plurality of inner accel 
erating electrodes parallel to and concentrically 
arranged about said cathode, in register with said 
non-emissive areas; a plurality of inner and outer 
cage electrodes, parallel to and concentrically ar 
ranged about said cathode, in register with said 
inner accelerating electrodes, said outer cage 
electrodes being radially spaced from said inner 
cage electrodes; means for connecting adjacent 
ends of said inner and outer cage electrodes to 
form two separate groups each enclosing a region 
defined by the angular rotation about the cathode 
of an inner and an adjacent outer cage electrode, 
Said angle of rotation being less than 180; a 
plurality of Outer accelerating electrodes con 
centrically arranged about said cathode, in regis 
ter with and adjacent to respective outer cage 
electrodes; a cylindrical anode enclosing said 
outer accelerating electrodes; means for applying 
direct current potentials to said accelerating and 
said anode electrodes; a resonant circuit con 
nected between said separate groups of cage elec 
trodes; means for applying a direct current po 
tential to said groups of cage electrodes; means 
for obtaining energy from said electrons whereby 
oscillatory currents are induced in said oscillatory 
circuit; and means for utilizing said Oscillatory 
currents. 

2. An oscillator of the character described in 
claim in which said means for obtaining energy 
from said electrons includes fixing the radial 
spacing between said inner and outer cage elec 
trodes and controlling the electron velocity so 
that the transit time required for an electron to 
pass through the region bounded by said cage 
electrodes is substantially one-half the period of 
oscillation of said OScillatory circuit. 
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4. 
3. An oscillator of the character described in 

claim which is further characterized by a plu 
rality of negatively biased focusing electrodes, 
parallel to and concentrically positioned about 
said cathode, in register' With Said cathode non 
emissive surfaces and between said Cathode and 
said inner accelerating electrodes. 

4. A device of the character described Which 
includes a cathode, a plurality of inner and Outer 
cage electrodies parallel to and concertically p-0- 
sitioned about said cathode; means connecting 
adjacent ends of said cage electrodes; a cylin 
drical anode enclosing said cage electrodes; an 
anode osciliatory circuit connected between said 
arode and said cathode; a cage oscillatory cir 
cuit connected between said cage electrodes and 
said cathode; and means for applying biasing 
potentials to said anode and cage electrodes. 

5. A device of the character described which 
includes in combination a cathode; a piurality 
of inner and outer cage electrodes parallel to and 
concentrically arranged about said cathode; 
means connecting adjacent ends of Said cage 
electrodes; a cylindrical anode enclosing said 
cage electrodes; an anode concentric line oscil 
latory circuit connected between Said anode and 
Said cathode; a cage concentric line Oscillatory 
circuit connected between said cage electrodes 
and Said cathode; means for applying direct cur 
rent potentials to said cage and anode potentials; 
means for obtaining a plurality of electron beans 
of rectangular cross-section between said cathode 
and anode; and means including the adjustinent, 
of said direct, current potentials and the radial 

, spacing between said cage electrodes whereby the 
transit time of an electron through said cage 
electrode region is equal to one-half the period 
of oscillation of said oscillatory circuits. 

6. In an ultra high frequency amplifier, a 
cathode having longitudinal electron emissive re 
gions and alternate non-emissive regions; a plu 
rality of focusing electrodes parallel to and con 
centrically arranged about Said cathode, in 
register with said non-emissive cathode regions; 
means for applying a biasing potential to said 
focusing electrodes; a plurality of inner accel 
erating, inner cage, outer cage, and outer ac 
celerating electrodes parallel to said cathode and 
arranged in the Order named on radial nes 
extending from said cathode, and in register with 
said focusing electrodes; means connecting ad 
jacent ends of said inner and outer cage elec 
trodes; means connecting adjacent ends of said 
inner and Outer accelerating electrodes; 8 cage 
concentric line resonant circuit having an inner 
and an outer tubular conductor, said inner coin 
ductor terminating at and connected to the base 
of said cage electrodes; a cylindrical anode sur 
rounding said outer accelerating electrodes; an 
anode concentric line resonant circuit having an 
inner and &n Outer tubular conductor, said anode 
electrode being an extension of said inner cons 
dictor; a cylindrical member connecting the 
outer conductors of Said concentric lines; means 
for applying biasing potentials to said accelerate 
ing, cage, and anode electrodes; and means for 
effectively grounding said cathode, focusing and 
accelerating electrodes with respect to radio fre 
quency voltages whereby a plurality of electron 
beams of large cross-sectional area are formed 
between said cathode and said anode; means for 
applying an Oscillatory voltage to said cage elec 
trodes whereby said electrons are accelerated or 
retarded so as to form successive groups which 
induce an Oscillatory current in said anode osci 

2,207,846 
latory circuit; and means for deriving an ampli 
fied voltage therefrom. 

7. An electron discharge device for operation 
at an ultra high frequency comprising a central 
cathode; a plurality of mutually parallel inner 
and Outer cage electrodes arranged in pairs in 
radial planes which intersect along the axis of 
Said cathode, the radial distance between the 
inner and Outer cage electrodes being substan 
tially equal to the distance traversed by an elec 
tron in one half the period of said tra high 
frequency: an accelerating electrode adjacent 
each inner electrode, parallel thereto, and lying 
between said cathode and said inner cage elec 
trode in the radial plane which includes said 

G 

5 
adjacent inner cage electrode; and a cylindrical 
8.Inode electrode enclosing Said Cathode, accel 
erating and cage electrodes. 

8. An electric discharge device for operation 
at an ultra high frequency comprising 8 central 
cathode electrode; a plurality of mutually par 
allel inner and outer interconnected cage elec 
trodes arranged in pairs in radial planes which 
intersect along the axis of said cathode, the 
radial distance between the inner and outer cage 
electrodes being substantially equal to the dis-, . 
tance traversed by an electron in one half the 
period of Said ultra high frequency; an accel 
erating electrode adjacent each inner electrode, 
parallel thereto, and lying between said cathode 
and said inner cage electrode in the radial plane 
which includes said adjacent inner cage elec 
trode; and a cylindrical anode electrode enclos 
ing said cathode, accelerating and cage elec 
trodes. 

9. An electric discharge device for operation 
at an ultra, high frequency comprising a central 
Cylindrical cathode having electron-emitting re 
gions confined to a plurality of longitudinal areas 
and intervening non-emitting areas; a plurality 
of mutually parallel cage electrodes arranged in 
pairs in radial planes which intersect along the 
axis of Said cathode and pass through said non 
emitting areas; the, radial distance between the 
inner and outer cage electrodes being substan 
tially equal to the distance traversed by an elec 
tron in one half the period of said ultra high 
frequency; an accelerating electrode adjacent 
each inner electrode, parallel thereto, and lying 
between said cathode and said inner cage elec 
trode in the radial plane which includes said 
adjacent inner cage electrode; and a cylindrical 
anode electrode enclosing said cathode, acce 
erating and cage electrodes. 

10. An electric discharge device for operation 
at an ultra high frequency comprising a central 
cylindrical cathode having electron-emitting re 
gions confined to a plurality of longitudinal areas 
and intervening non-emitting areas; a plurality 
of mutually parallel cage electrodes arranged in 
pairs in radial planes which intersect along the 
axis of said cathode and pass through said non 
emitting areas; the radial distance between the 
inner and outer cage electrodes being substan 
tially equal to one half the period of said ultre, 
high frequency; a cylindrical anode electrode en 
closing said cathode and cage electrode; inner 
and outer accelerating electrodes located between 
said inner cage electrodes and said cathode and 
said outer cage electrodes and said anode, respec 
tively, and lying in the same plane. 

1. An electric discharge device for operation 
at an ultra high frequency comprising a cylin 
drical cathode having electron-emitting regions 

s 
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confied to a plurality of longitudinal areas sep 
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arated by intervening nonemitting areas; a plu 
rality of accelerating electrodes concentrically 
disposed about Said Cathode and in register with 
said:nonemitting areas; a plurality of inner cage 
electrodes concentrically disposed about Said 
cathode, in register with respective accelerating 
electrodes, and radially spaced from said accel 
erating electrodes; a plurality of Outer cage elec 
trodes concentrically disposed about said cathode, 
in register with respective inner cage electrodes 
and radially spaced therefrom a distance Sub 
stantially equal to One half the period of said 

S 
ultra high frequency; a plurality of outer accel 
erating electrodes concentrically disposed about 
said Cathode, in register with said outer cage 

- electrodes, and radially spaced therefron; and 
a cylindrical anode electrode enclosing all of said 
electrodes. 

12. In a device of the character described in 
claim 11, means connecting all of said accelerat 
ing electrodes, and means connecting said inner 
and Outer cage electrodes in two symmetrical 0 
grOpS. 

IRWING WOLF, 
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