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[5 7] ABSTRACT 
A traveling wave tube having a control grid that backs 
and ?lls across the entire cathode emitting surface to 
form a delay line with the cathode. This delay line 
causes the electron beam to take on the helical pattern 
of a transverse wave. The traveling wave tube has a 
slow wave circuit which interacts with the transverse 
beam wave. Circuit means is provided for coupling sig 
nal energy to both the control grid and to the slow wave 
interaction circuit in a predetermined amplitude and 
phase relationship. The control grid is operated with 
DC cutoff bias. Each peak of the: signal propagated by 
the grid-cathode delay line annuls the cutoff bias lo 
cally and forms a moving window, analogous to a mov~ 
ing window of a focal plane shutter, emitting an elec 
tron beam only from a local area of the cathode, which 
local area cyclically traverses the cathode at the signal 
frequency whereby the emitted beam is properly pre 
bunched in a helical configuration for efficient trans 
verse wave interaction. 

7 Claims, 9 Drawing Figures 
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TRAVELING WAVE ‘DEVICE PROVIDING 
PREBUNCHED TRANSVERSE-WAVE BEAM 

BACKGROUND OF THE INVENTION 

Longitudinal or space-charge waves and transverse 
waves can be propagated on an electron beam. Trans~ 
verse waves include cyclotron waves and synchronous 
waves. Electron-beam propagated transverse waves 
have been interacted with circuit waves for ampli?ca 
tion at microwave frequencies. In any traveling wave 
device where interaction of an electron beam and a cir 
cuit wave produces either density or spatial variations 
(called bunching) in the electron beam, proper pre 
bunching of that beam will enhance the DC to RF con 
version ef?ciency. Prebunching obviates the nonampli 
fying bunching action during the initial portion of 
beam-wave interaction and as a result, increases the 
length of interaction region that contributes amplifying 
action. Better ef?ciency thus realized, i.e. higher power 
output for a given input ‘power, permits reduction in 
size and weight of a radar or communication system. 
The ideal condition for synchronous or cyclotron 

transverse waves is for the longitudinal electron beam 
to take on a helical configuration, and that the helical 
con?guration transit the interaction region longitudi 
nally, i'n synchronism with the circuit ?elds. 
For the transverse synchronous wave, the beam elec 

trons do not rotate about the tube axis. In order that the 
beam electrons not rotate duringlongitudinal transit ‘in 
an axially directed magnetic ?eld, the electrons are in~ 
jected into the magnetic ?eld, parallel to .the magnetic 
?eld. A beam in which the electrons are spatially dis 
tributed for synchronous wave interaction might be 
thought of as a beam obtained from an electron gun po 
sitioned off an axis and rotating about the axis while 
emitting electrons parallel to the axis but with no com 

7 ponent of motion imparted to the electrons normal to 
the axis. 
For the cyclotron wave, the beam electrons rotate 

about the tube axis at cyclotron frequency during their 
' longitudinal transit under the in?uence of the magnetic 
and electric ‘fields. The cyclotron frequency is deter 
mined by the longitudinal magnetic ?eld strength. The 
beam con?guration needed for the cyclotron wave 
might be thought of as a beam from a gun rotating 
about the axis of the tube and either injecting the elec 
trons obliquely into axially directed magnetic and elec 
tric ?elds or injecting the electrons into a divergent 
magnetic ?eld that would impart cyclotron‘motion to 
the electrons. ‘ 

SUMMARY OF THE INVENTION. 

In a traveling wave tube having a slow-wave interac 
tion circuit, the electron gun has an emitter cathode 
and a control grid that backs and ?lls across the cath 
ode emitting surface, together functioning as a grid 
cathode ‘signal-propagating delay line. The electron 
gun simulates a moving electron gun that cyclically tra 
verses the same path. A DC cutoff bias is established 
between grid and cathode. Signal (e.g. CW) is coupled 
‘to the grid-cathode delay line in a predetermined phase 
and amplitude relationship with respect to the signal 
coupled to‘ the interaction circuit. vSignal energy cou 
pled to the grid-cathode delay line is propagated 
through the delay line. The signal amplitude‘on the 

' delay line is selected so that each positive signal peak 
of the traveling‘ wave on the delay line annuls the DC 
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2 
‘grid bias voltage only in the local area influenced by the 
positive peak. This establishes a moving window for 
emitting electrons. Theelectron beam emitting window 
moving along the delay line may be compared to the 
light transmitting moving window of an activated focal 
plane shutter. ‘Preferably, the signal propagation time 
through the delay line is equal to the period of the sig 
nal; if not equal, operation would be less than optimal. 
The grid-cathode delay line either is circular- to simu 
late a rotating gun or is linear and parallel to the tube 
axis to simulate a gun cyclically traversing a linear path 
parallel to the .tube axis while emitting electrons 
oblique to the axis. The novel electron gun and its ar 
rangement in‘the traveling wave tube provides a helical 
electron beam. The electron gun and the electric and 
magnetic ?elds are designed so that for both transverse 
synchronous waves and transverse cyclotron waves, the 
apparent frequency of rotation of the intersection of 
the moving helical electron beam pattern with a plane 
.of observationperpendicular to the tube axis equals the 
signal frequency in the circuit for proper interaction 
with the‘circuit wave. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. “1 is a schematic showing of an embodiment of 
the invention including a traveling wave tube for trans_ 
verse waves and associated circuitry; 
FIG. 2 is a simpli?ed axial sectional view of an elec 

tron gun construction for the traveling wave tube of 
FIG. 1'; ' 

‘FIG. 3 is a plan view of the grid arrangement seen in 
direction 3-3 of FIG. 2; 
FIGS. 4 and 5 are voltage and current characteristics 

of the electron gun of FIGS. 2 and 3; 
FIG. 6 is an alternative electron gun construction for 

the traveling wave tube of FIG. 1, shown in perspective 
and on a larger scale; . 

FIG. 7 is a schematic showing of a traveling wave 
tube for transverse cyclotron wave interaction, not in 
cluding circuitry nor slow wave means shown in FIG. 
1; ' 

FIG. 8 is a simpli?ed perspective view of another em 
bodiment for transverse cyclotron wave interaction; 
and 
FIG. 9 illustrates schematically the operation of the 

embodiment in FIG. 8 looking in direction 9-9 of FIG. 
8. . 

In FIG. 1 there is shown a traveling wave tube 8 hav 
ing an electron gun 10, for producing a helical electron 
beam for transverse wave interaction, that includes an 
emitter cathode 12, a control grid 14 with input and 
output terminals 14a and 14b and an anode 15, a col 
lector 16, a slow-wave circuit means 18 providing the 
electron-beam circuit-wave interaction region and an 
evacuated envelope 20 containing the recited ele 
ments. A steady magnetic ?eld II is provided in the 
tube parallel to the axis of the slow-wave means 18. DC 
voltage connections between cathode 12 and anode l5, 
collector l6, and the slow wave means, 18, are omitted. 
The electron gun 10 for producing a helical electron 

beam for transverse wave interaction is shown in FIGS. 
2 and 3. Cathode 12 is hollow and cylindrical with an 
annular emitter surface at one end and is supported co 
axially with slow wave means 18. Grid 14 is a single 
continuous conductor having the con?guration of a 
meander line located in front of and proximate to the 
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annular emitter face, backing and ?lling across the 
emitter face around the entire cathode. The ends of the 
grid are contiguous and provide terminals 140 and 14b. 
The combination of grid 14 and the cathode 12 are 
made in accordance with teachings well known in the 
microwave art to function as a delay line in the fre 
quency band for which the tube is designed. The cath 
ode 12 forms one side of the circularly con?gured 
delay line, and the grid 14 forms the other side of the 
delay line. The delay line is able to serve the dual pur 
pose of propagating a signal wave and blocking elec 
tron beam emission when under the in?uence of nega 
tive cutoff DC bias between grid and cathode except in 
a moving local area where the DC bias is annuled by a 
positive peak of the propagated signal wave. The delay 
line has a propagation constantB such that at any in 
stant one full wavelength of a propagated signal wave 
exists around the circumference of the circular delay 
line provided the input signal is CW within the fre 
quency band of the delay line. CW as used herein in 
cludes pulsed operation. Each positive peak forms a 
moving window for beam emission, provided the signal 
amplitude is adequate to annul the cutoff bias. 
Grid-cathode cutoff bias potential is established by 

DC source 24. The DC source 24 is connected in series 
with an RF isolating resistor 26 between the cathode l2 
and the grid terminal 14a. A terminating load 28 for the 
grid-cathode delay line and a DC blocking capacitor 30 
in series, are connected between the terminal 14b of 
the grid and the cathode. Signal energy input to the 
grid-cathode delay line and to the slow wave means is 
supplied by the same signal source 32. The signal 
source 32 is connected between grid‘input terminal 14a 
and the cathode 12 by DC blocking capacitors 34 and 
36. The connection between the cathode and the signal 
source includes means 38 at reference or ground po 
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tential. Isolating resistor 26 essentially blocks signal en- . 
'ergy through the DC source 24. The described electron 
gun emits a beam having helical con?guration but 
wherein each electron of the beam traces a rectilinear 
path. An adjustable amplitude and phase control means 
40 couples RF from the signal source to the input end 
of the slow wave means. The ampli?ed signal is deliv 
ered to an RF load 42 connected between the output 
end of the slow-wave means and reference potential 
means 38. The signal level from the signal source is ad 
justable and is used to set the signal amplitude on the 
grid-cathode delay line. The adjustable amplitude and 
phase control means is used to adjust the signal energy 
to the slow wave means relative to the signal in the grid 
cathode delay line. Conventional traveling-wave-tube 
electric and magnetic ?eld adjustment means are to be 
understood. The embodiment described operates in a 
manner to provide transverse synchronous wave inter 
action: 
FIGS. 4 and 5 show the voltage and current charac 

teristics of the electron gun of FIGS. 2 and 3. In FIG. 
4, grid to cathode voltage for one location along the 
grid-cathode delay line is shown as a function of time. 
The DC cutoff bias is shown by a broken line. Any 
where along the grid-cathode delay line where the local 
grid potential exceeds V0, there is emission. The elec 
trical length of the delay line is such that at any instant, 
only one wavelength of signal-produced transverse E 
?eld exists around the delay line. There is beam emis 
sion only at the instantaneous situs of the waveform 
peak. The waveform shown in FIG. 4 translates cycli 
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cally around the delay line at the signal frequency. FIG. 
5 shows the current characteristic corresponding to the 
voltage characteristic of FIG. 4. Both FIGS. 4 and 5 
show that only that part of the traveling voltage wave 
which annuls the cutoff bias voltage and permits a lon 
gitudinally directed burst of current to flow from a 
local area of the cathode annulus and this current burst 
follows the traveling wave peak around the grid 
cathode delay line. 
FIG. 6 shows an alternative electron gun con?gura 

tion for the traveling wave tube of FIG. I having con 
centric cathode 12B, grid 14B, and anode 15B for pro 
viding a helical beam similar to that provided by the 
electron gun of FIGS. 2 and 3. The broken line repre 
sents a beam con?guration at one instant; it does not 
represent the path of an emitted electron. 
The traveling wavetube 8C shown in FIG. 7 is a mod 

i?cation of the embodiment shown in FIG. 1 and is op 
erable to inject beam electrons obliquely into the axi 
ally directed magnetic and electric ?elds for providing 
a rotating helical electron beam and accompanying cy 
clotron wave. The electrons in the beam rotate about 
the axis. Corresponding elements are identi?ed by ref; 
erence characters corresponding to those in FIG. 1 fol 
lowed by upper case C. The electron gun 10C includes 
cathode 12C, control grid 14C and accelerating anode 
15C that are essentially the same as the corresponding 
elements of FIG. 1 and are operable to function in the 
same manner. Collector 16C, slow-wave circuit means 
18C and envelope 20C are the same as in FIG. 1. In this 
modi?cation however, the electron gun 10C is oriented 
obliquely to the axis of the slow wave means 18C. The 
range of injection angle and accelerating electric ?eld 
parameters are those for directing the emitted electron 
beam into the interaction region within the slow wave 
means and also for rotating the beam around the axis 
of the slow wave means and not around a line parallel 
to but spaced signi?cantly from the axis of the slow 
wave means. 

In FIGS. 2, 6 and 7, the grid may be an endless con 
ductor and signal energy may be inductively coupled 
into and out of the grid. 
The helical beam produced by the embodiments de 

scribed is a prebunched beam and is ideally suited to 
increasing efficiency of transverse-wave interaction op 
eration and it also permits the use of circuits which can 
further enhance DC to RF conversion ef?ciency, i.e., 
coaxial type circuits, where the beam is injected be 
tween conductors of a coaxial line. In addition, the de 
scribed prebunching in transverse wave tubes reduces 
interaction with unwanted modes. 

It is within the scope of this invention for the circular 
delay line to be constructed for very narrow band. 
However, since transverse wave interaction can occur 
over a broad frequency range and since the utility of 
the equipment is expanded with increased bandwidth, 
the circular delay line is constructed to‘have a reason 
able bandwidth. A condition for reasonable bandwidth 
is that the delay line have the same electrical length, 
over the desired frequency range. If the electrical 
length of the circular delay line is made one full wave 
length, no more than one helical beam is emitted by the 
cathode at any time and if the signal is CW, a continu 
ous helical beam is emitted for the duration of the CW. 
If the delay line length is longer than one wavelength, 
more than one helical beam is emitted. The number of 
helical beams depends on the number of positive half 
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cylces or peaks around the circular delay line at the 
same time. If more than one helical beam is emitted at 
the same time, only one of the helical beams can be in 
optimum phase with the circuit wave. Adjustment of 
the electric ?eld voltage(s) optimizes response. 

If the electrical length is less than one wavelength, 
there is a gap in the beam during every period of the 
signal. While this will introduce harmonics, the effect 
of the harmonics can be minimized with associated cir 
cuitry; the basic operation is the same as where the 
electrical length is equal to one wavelength. 

In the ideal case, the propagation constant, B , for the 
circular delay line is constant and independent of fre 
quency, thus completely satisfying one wavelength 
electrical length requirement. Information for design 
ing for near constantB is available in the art. Slow wave 
circuit designs for the control grid such as the meander 
line shown in the drawings and interdigital line, not 
shown, approach the ideal case and in addition do not 
present a signi?cant physical barrier to electron beam 
propagation from the cathode. 

It is also within the scope of this invention for the 
electron beam emission and delay line means to be con 
structed in substantially different con?gurations from 
those in FIGS. 1, 2, 3, 6 and 7. For example, a linear 
con?guration of this invention is exempli?ed by the 
embodiment shown in FIGS. 8 and 9 wherein cathode 
12D and control grid 14D are straight or linear coun 
terparts of the circular cathode and control ‘grid of FIG. 
1. Their electrical length is one wavelength or less of 
the signal to be ampli?ed by the tube. Beam accelerat~ 
ing means parallel to and coextensive with the cathode 
is to be understood and may take the form of a nonin 
tercepting grid construction but is omitted from FIGS. 
8 and 9 to simplify the drawing. Tube envelope 20D is 
generally cylindrical but has an offset portion near one 
end that houses the cathode, grid, and beam accelerat 
ing means parallel to but offset from the tube axis. The 
envelope 20D has a gap between its cylindrical portion 
and its offset portion which is at least coextensive with 
the cathode for permitting the emitted electron beam 
to project into the cylindrical portion of the envelope. 
The axial magnetic ?eld of the tube urges the beam 
electrons to a circular path around the tube axis; the 
electron gun distance d and the magnetic ?eld strength 
are correlated to assure that the electrons assume a cir 
cular path around the tube axis. A slow wave circuit 
means, not shown, is supported in the cylindrical por 
tion of the envelope starting longitudinally beyond the 
cathode. DC voltage on the slow wave means acts on 
the beam electrons to change the circular path of the 
beam electrons to a helical path. Other electric ?eld 
producing electrodes to accelerate the beam electrons 
longitudinally are added if required. FIG. 9 shows the 
path of one emitted electron, looking in the direction . 
of the arrows 9-9 in FIG. 8. The path is representative 
of that for every electron emitted from any point along 
the length of the cathode. The signal may be coupled 
through the grid 14D in either direction. If the signal 
direction in the grid-cathode delay line is the same as 
the circuit wave direction there is a longitudinal gap in 
the electron beam equal to the length of the cathode 
since beam emission terminates at one end of the oath 
ode and restarts at the other end of the cathode. If the 
signal direction in the grid-cathode delay line is oppo 
site to the circuit wave direction and longitudinal beam 
velocity, and the electrical length of the grid-cathode 
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6 
delay line and the longitudinally directed ?eld are 
properly coordinated the beam can be made substan 
tially continuous. 
We wish it to be understood that we do not desire to 

be limited to the exact details of construction shown 
and described, for obvious modi?cations will occur to 
a person skilled in the art. 
What is claimed is: ' 
1. An improved traveling wave device comprising: 
longitudinal slow wave means, 
means for providing a magnetic ?eld longitudinally of 

said slow ,wave means, 
a collector adjacent one end of said slow wave 
means, 

an electron gun adjacent the other end of said slow 
wave means, said electron gun including a cathode 
having an emitting surface and a grid that together 
form a delay line, said grid being disposed adjacent 
the emitting surface and backing and ?lling across 
the entire emitting surface and operable in re 
sponse to a combination of cutoff bias and super 
posed signal energy propagated by the delay line 
with peaks for annulling the cutoff bias to emit only 
from a moving local area that traverses the cathode 
cyclically, for emitting a prebunched electron 
beam for transverse wave interactions along the 
slow wave means, and 

means for coupling signal energy from a common 
source to the electron gun and to the slow wave 
means. 

2. An improved traveling wave device as de?ned in 
claim 1 wherein said signal energy coupling means in 
cludes phase control means for adjusting the relative 
phase of signal energy coupled to the electron gun and 
to the slow wave means. 

3. In the improved traveling wave device as de?ned 
in claim 1 wherein said slow wave means is a wire con 
ductor in the form of a helix, and the cathode has an 

1 annular emitting surface. 

40 

4. In the improved traveling-wave device de?ned in 
claim 1 wherein the control grid is in the form of a me 
ander line.. > 

5. In the improved traveling wave device de?ned in 
claim 1 wherein the electron gun includes said cathode, 
said grid and an anode that are coaxial cylindrical 
structures and wherein the cathode has a cylindrical 
emitting surface directed toward the anode and the grid 
backs and ?lls across the cylindrical cathode emitting 
surface all around the cathode. 
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6. An improved traveling-wave device as de?ned in 
claim 1 wherein the device has a longitudinal interac 
tion region along said slow wave means and the cath~ 
ode has a linear emitting surface parallel to and also 
oblique to the axis whereby electron emission is di 
rected obliquely to the axis, and the grid backs and ?lls 
across the entire length of the linear emitting surface. 

7. A method of operating a traveling wave tube hav 
ing slow_wave means, electron beam emission means 
and a beam collector comprising the steps of: 
energizing said electron beam emission means while 
applying cutoff bias thereto: 

coupling selected signal energy to be ampli?ed to the 
slow wave means, wave means to the electron 
beam emission means for causing the latter to 

annulling the cuto?‘ bias in a moving local area only, 
of the electron beam emission means, which local 
area retraces its path cyclically with the same pe 
riod as the signal, to emit a prebunched‘electron 
beam for transverse wave interaction prior to entry 
of the beam into the interaction region within said 
slow wave means. 

* * >8 * * 


