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TRAVELING WAVE TUBE 
John W. Tiley, Philadelphia, Pa., assignor to 

Philco Corporation, Philadelphia, Pa., a corpo 
ration of Pennsylvania. 

Application November 28, 1947, Serial No. 788,724 
(C. 315-3) 9 Claims. 

This invention relates in general to the electron 
tube art, and more particularly to a novel elec 
tromagnetic traveling Wave tube having special 
application in high frequency and broad band 
electrical Systems. This application is a con 
tinuation-in-part of my co-periding application 
Serial No. 761,798 filed July 18, 1947, now Patent 
No. 2,541,843. 
In electrical Systems such as television, pulse 

position modulation and radar, it has often been 
extremely difficult to obtain adequate and uni 
form amplification over the frequency spectrum 
encompassed by the signal. Ordinary triodes, 
even when incorporated in special circuits, fail 
to provide a usable gain in such applications. 
Recent designs, such as the lighthouse tube, and 
the velocity modulation tube as exemplified by 
the klystron, can provide reasonable gain solely 
in narrow band Width operation. An attempt 
to use a klystron or like tube in the microwave 
region. With a band width of fifty megacycles 
Or greater Will result generally in a gain of 
less than unity. 
A recent electronic development, known as 

the beam traveling wave tube, overcomes the 
limitations of the more conventional tube types, 
and has been Successfully tested as an efficient 
amplifier of Signals having a mean frequency of 
the order of thousands of megacycles with an 
Over-all band Width of the Order of eight hundred 
megacycles. Theoretically, even much wider 
bands may be amplified by the device without 
Sacrifice of gain. 

For a description and illustration of this de 
velopment, reference is made to the publication : 
"Bell Laboratories Record' of December, 1946, 
and to the article therein entitled “The Beam 
Traveling Wave Tube' by J. R. Pierce. In this 
reference the traveling Wave tube is described as 
constituted of an electron gun Similar to those 
employed in Cathode ray tubes. An electron 
beam generated by the gun is directed in a 
narrow beam along the axis of a long evacuated 
tube and impinged upon a collector anode. 
Within the tube, and Surrounding the beam axis, 
is a closely wound wire helix which is excited 
at the electron gun end thereof by the Weak 
signal to be amplified and which provides at the 
collector end thereof the amplified output Signal. 
The tube contains no signal grids in the conven 
tional Sense. 

Broadly speaking, the applied signal travels 
along the wire helix as an electromagnetic wave 
at a speed approaching the Speed of light. As 
is determined by the pitch of the helix, the wave 
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traves axially of the tube at a fraction. Of the 
speed of light; and the electron gun and col 
lector anode potentials are arranged. So that the 
average axial velocity of the electron beam 
through the helix is somewhat greater than the 
axial Wave Velocity. 

Interaction of the electron beam and electro 
magnetic field components extending from the 
helix produces the Signal amplification. The 
greater the electron current and the longer the 
helix, the greater is the gain. In transit 
through the helix, the average electron Velocity 
is reduced, and the energy drop represented by 
this decreased velocity is imparted to the signal. 
The tube does not require a tuned circuit in the 
Signal path, the wire helix being in effect an 
a paSS transmission line. Hence the tube is 
capable of Operation Over an exceedingly Wide 
frequency range. In practice this range is 
limited Somewhat by the impedance match of 
the helix to the external circuits. 

in operation the Signal appearing on the helix 
acts on the electron stream and gradually pro 
duces fuctuations in Velocity and density. The 
density modulated electron beam delivers energy 
to the Wave and over the helix Section nearest 
the collector there is a Substantially uniform gain 
per unit length of travel. 
Th present invention contemplates and has as 

a primary object the provision of electromag 
netic traveling Wave tubes of novel and improved 
design having Wide application as broad band 
microWave amplifiers, OSciliators, frequency con 
vertors, or the like. AS in the electron tubes 
disclosed in my above-identified patent applica 
tion, the electromagnetic traveling Wave tubes 
of the present invention differ from prior art 
traveling Wave tubes in that wave guides are 
utilized for directing Wave Signals around the 
path of an electron beam. These wave guides 
permit direct coupling of the electromagnetic 
fields therein and the tube electron beam, and 
preclude excessive energy radiation and unde 
sirable coupling With external fields. 
In the aforementioned patent application it 

was demonstrated that Signal amplification 
could be obtained in an electromagnetic traveling 
wave tube by causing an electron beam to trav 
erse the axis of first and Second Or input and 
output helical Wave guide Sections of predeter 
mined pitch and number of turns. The input 
wave guide was energized by the Weak incoming 
signal, whereby the electron beam Was bunched 
or density modulated. The modulated beam was 
then caused to traverse a Second or output helical 
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Wave guide Section and to deliver energy thereto 
to provide the amplified output signal. 
In a tube of this construction, input and out 

put wave guides are spaced axially of the election 
bean. When certain conditions of beam velocity 
and helix structure are properly satisfied, con 
siderable gain is obtained and the electron tubes 
are capable of either amplifier or oscillator oper 
ation; the latter being accomplished by coupling 
a predetermined portion of the output signal in 
the correct phase to the input wave guide. In 
Connection with traveling wave tubes utilizing 
independent input and output wave guide sec 
tions, it has been determined that the optimum 
average beam velocity through the guides is equal 
to the axial component of velocity of the electro 
magnetic traveling wave. 
In accordance with the principles of the pres 

ent invention a single helical wave guide is uti 
lized for both modulating and extracting energy 
from an electron beam. The single wave guide 
employed is constructed essentially the same as 
the input wave guide of the systems disclosed in 
the above named patent application. 
A particular advantage of the present construc 

tion to be described in detail below is that the 
Single Wave guide utilized for electron beam mod 
ulation and Signal output comprises a conductive 
helix of uniform pitch. The incoming signal is 
Coupled into the wave guide at the input or elec 
tron gun end of the helical wave guide and the 
Output signal is derived from the opposite end 
thereof. 

Successful operation as amplifier or oscillator 
is accomplished by the utilization of an electron 
bean velocity somewhat above the axial velocity 
of the traveling wave. In transit through the 
tube each group of electrons delivers energy to 
the traveling Wave and as a consequence thereof, 
the output signal is at a level considerably higher 
than that introduced at the input end of the 
guide. 

It is therefore an object of the present inven 
tion to provide a bean-traveling wave electron 
tube characterized by inherent stability and high 
gain, and Which utilizes a single helical wave 
guide structure for directing the wave energy 
about the path of the electronbeam. 
A further object of the present invention is to 

provide a velocity modulation type electron tube 
utilizing a Single helica Wave guide of uniforn 
pitch for raising the intensity level of an input 
electromagnetic signal. 
A still further object of the present invention 

is to provide a traveling Wave electron tube of 
comparatively simple mechanical design and 
rugged overall construction. 

It has been observed that frequency variations 
of the signal being amplified tend to affect the 
strength of the electric fields established by the 
Wave guide and coupling with the electron bean. 
The present invention further contemplates the 
provision of novel helical wave guide structures 
which imaterially increase the frequency range 
over which Wave guide electronagnetic traveling 
wave tubes may operate. Generally speaking, 
this is accomplished by capacitively loading the 
wave guide structure to maintain the strength 
of electric fields more nearly constant over Wide 
band frequency variations of the input electro 
magnetic energy. 

It is thus another object of the present inven 
tion to provide a helial Wave guide structure 
adaptable to many types of traveling wave tubes, 
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4 
which structure permits broad band operation 
thereof. 

Still another object of the present invention is 
to provide means for capacitively loading a Wave 
guide having an Open side wall While permitting 
the fields extending from the wave guide to couple 
With an electron beam. 

ihese and other objects of the present inven 
tion will now become apparent from the following 
detailed specification when taken in connection 
with the accompanying drawings in which 

Figure i is a general side view partially in Sec 
tion of a helical wave guide traveling Wave elec 
trol tube. 
Figure 2 is a general side view partially in sec 

tion of another embodiment of a traveling Wave 
tube of the general type illustrated in Figure 1. 

Figure 3 is a fragmentary side view partially 
in section of a helical Wave guide the Structure 
illustrating a novel means of obtaining broad 
band wave guide operation; and 

Figure 4 is a general side view partially in Sec 
tion of a wave guide structure similar in features 
and characteristics to that illustrated in Figure 3. 

ith reference now to the drawings and more 
particularly to Figure 1, there is illustrated an 
electron tube incorporating the features of the 
present invention and comprising, generally, a 
centrally disposed sealed and evacuated glass or 
similar dielectric cylinder 2. 

Sealed into the left end of the glass cylinder 2 
as viewed in Figure 1 are the electrodes of an 
electron gun. 23, silhilar to those utilized in con 
wentional cathode lay tube Stiructures. AS shown 
the electron gun 22 comprises a heater 22 and its 
associated cathode 23, a centrally perforated con 
trol grid 25 and focusing and accelerating hollow 
cylindrical electrodes 25 and 26, respectively. 
When the electrodes comprising the electron gun 
29 are energized from a suitable power Source 
(not shown) an axial bean of electrons of prede 
termined high velocity is generated and directed 
along the axis 23 of cylinder 2 toward a disc 
shaped collector electrode 2 sealed into the right 
hand end of the tube as viewed in Figure 1. 
Structural means required for Supporting the 

electron gun electrodes have been Omitted for 
clarity. 
As electron beam tubes of the type included 

within the structure of the tube in figure are 
Sufficiently well known in the electronic art, a 
further description thereof and of the energizing 
means therefor are considered unnecessary at 
this point. 

In accordance with the broad principles of the 
present invention, the axial path of travel of 
the electron bean through tube 2 is Sibstani 
tially enclosed within a single helical wave guide 
structure 33, preferably of uniform pitch. AS is 
clearly illustrated in Figure 1, the wave guide 
structure 38 is comprised of a thin highly con 
ductive netallic strip 3 wound edgewise about 
and in contacting relationship with cylinder 2f 
at the aforementioned uniform pitch. 
The outer edge of the conductive strip 3 

defines a helix lying in electrical contacting rela 
tion. With the inner cylindrical Surface of an el 
closing hollow metallic or otherwise conductive 
cylinder 33, coaxial with an extending Sibstan 
tially the length of tube 2 . The helical strip 3 
and enclosing metallic cylinder 33 thereby define 
a helical passage 32 of uniform rectangular 
cross-section which progresses axially of tube 2. 
in effect, there "ore, helical passage 32 cornprises 
a helical wave guide enclosed at any point by 
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two adjacent turns of strip 3, and by the me 
tallic surface of the enclosing cylinder 33. The 
innermost wall of the helical passage 32 lies in 
the outer surface of dielectric cylinder 2, and is 
accordingly open insofar as radiation of electro 
magnetic fields is concerned. 
Coupling means are provided for the inter 

change of electromagnetic wave energy with the 
helical wave guide passage 32. As illustrated, the 
Outer cylindrical conductor 40 of a coaxial line 
39 extends through a perforation 4 in metal 
cylinder 33 and enters helical passage 32. The 
end of inner conductor 2 of coaxial line 39 is 
Curved as shown and electrically connected to 
the outer conductor 40 to form a small coupling 
loop 43. A similar coaxial line 44, comprising an 
Outer conductor 45 and an inner conductor 46, 
extends through a perforation 4 in cylinder 33 
and is terminated by coupling loop 48 within 
Wave guide 32. It will be noted that coaxial lines 
39 and 44 enter wave guide passage 32 at axially 
Opposed ends thereof. 
In order to maintain electrons traversing cyl 

inder 2 within a sharply defined axial beam, 
means are provided for establishing a Substan. 
tially uniform and unvarying axial magnetic 
field. As illustrated, this is accomplished by 
means of a multi-layer solenoid type coil 5 co 
axial with tube 2 and wound upon an insulating 
cylindrical coil form 52 Suitably secured over the 
metallic cylinder 33 between coaxial connectors 
39 and 44. Coil 5 is preferably energized from a 
direct current Source (not shown in the draw. 
ings). 

In accordance With well understood principles, 
an electron which tends to travel a path diver. 
gent from the axis 28 of tube 2, and hence angu 
larly of the field established by coil 5 , Will be 
urged back to axis 28 as a consequence of its 
interaction with the axial magnetic field. 

For Successful operation of the electron toe 
structure of Figure 1, it is desirable to preclude 
pOSSible interference from Stray electromagnetic 
fields and, further, to preclude internal wave re 
flections. Insofar as external electric fields are 
concerned, the conductive cylinder 33 and the 
helical strip 3 provide substantially complete 
shielding. A magnetic shield may be employed if 
found necessary. 
To minimize internal signal reflections, helical 

Wave guide structure 30 has been Suitably electri 
Cally terminated and matched at the ends there 
of. Thus, in the embodiment of Figure , in 
pedance matching is effected at ends of the wave 
guide by means of two uniformly tapered, molded 
helical blocks 54. Blocks 54 are preferably con 
stituted of a ceramic containing powdered 
graphite as the dissipating element; however, 
various other absorptive Substances may be en 
ployed. By thus tapering the lossy material, a 
proper impedance match is readily obtained. 
This corresponds in effect with the utilization of 
tapered or wedge-shaped dissipative blocks as 
reflectionless terminations for conventional rec 
tangular and other wave guides. 
To insure reflectionless termination, each of 

the blocks 54 illustrated in Figure 1 is preferably 
made equal to at least One wave length at the 
lowest frequency of operation, as measured along 
the helix. Suitable termination may also be ef. 
fected by uniformly tapering the spacing of the 
end turns of Wave guide structure 30 to zero, and 
COvering the tapering sections thereof With a 
pOWer absorbing, Semi-conductive substance. 
The operation of the traveling wave electron 
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6 
tube illustrated in Figure 1 will now be de 
Scribed when effective as a signal amplifier. The 
incoming weak signal to be amplified is applied 
to the tube through coaxial line 39 and the am 
plified output is extracted through coaxial line 
44. The input signal travels in a helical path 
through passage 32 at a velocity somewhat less 
than that of light. Standing waves are pre 
cluded by the impedance matching dissipative 
blocks 54. 
In accordance with the general principles of 

traveling Wave electron tube operation, the veloc 
ity Component of electromagnetic Wave energy 
Within Wave guide 32 parallel to the axis 28 of 
tube 2, is a fraction of the velocity of light, as 
determined by the pitch of the wave guide 32. 
As an example, if the length of the helical path 
through wave guide passage 32 is ten times as 
great as the axial distance encompassed thereby, 
then the velocity of wave propagation considered 
relative to the axis of tube 2 will be equal to 
One-tenth the Velocity of light. It is therefore 
apparent that if an electron in the beam gen 
erated by the tube electron gun. 20 has an average 
axial velocity equal to one-tenth the velocity of 
light, then the relative phase. of the electromag 
netic wave in helical passage 32 and this electron 
Will remain unchanged. 

If the electron Velocities in the beam travers 
ing the tube are of the order of one-tenth the 
velocity of light or less, then the following non 
relativistic equation may be utilized as a guide 
for determining the electron velocity: 

v=5.93X10'vE centimeters per second 
Wherein: 

E is equal to the voltage through which the beam 
electrons are accelerated, 

The interaction of an electromagnetic wave 
traveling Within helical wave guide 32 and an 
electron beam traversing the axis 28 of glass 
cylinder 2 is somewhat similar to the bunching 
action obtained in velocity modulation electron 
tubes. As will hereinbelow be demonstrated, the 
Wave energy traveling within the wave guide 32 
from the input coaxial line 39 to the output co 
axial line 44 continuously density modulates the 
axial electron beam in accordance with the input 
Signal variation so that the electron beam as it 
traverses the axis of tube 2 is progressively 
bunched to greater and greater bunch densities. 

Simultaneously with the bunching effect of the 
electron beam, the beam delivers energy into wave 
guide 32 so that the wave energy therein progres 
Sively increases in intensity in its travel toward 
Collector electrode 2. 
The electromagnetic fields established by Wave 

energy flowing Within the helical wave guide pas 
Sage 32 may best be visualized if the region be 
tWeen the inner Surface of conductive cylinder 
33 and the axis of tube 2 is considered as half 
a rectangular wave guide, the broad walls of 
which are the metallic surfaces of adjacent turns 
of helical strip 3. If the coupling loop 43, ap 
plying the input signal to be amplified to the heli 
cal wave guide 32, excites this wave guide in the 
TEol mode, then maximum electric field is pro 
duced between adjacent inner edges of the turns 
Of helical Strip 3. The electric field is normal 
to the Strip 3 and diminishes sinusoidally to zero 
at the inner surface of metallic cylinder 33. 

Points A, B, C and D may be considered as de 
fining the cross-section of half a rectangular 
Wave guide operating in the aforementioned mode, 
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As points "C and ED are metalically connected, 
there is no potential gradient therebetween. 
However, an electric field is established between 
points. A and B by the exciting Wave, which field 
cyclically varies.in intensity, as a function of time 
from a predetermined maximum in one direction 
through Zero to a corresponding maximum in the 
opposite direction. The electric field between 
pointS.A. and B, of course, extends through the 
dielectric cylinder 2 and into the region of elec 
troniiOW: therethrough. In View of the fact that 
the input electromagnetic wave constantly pro 
gresses from left to right, as viewed in Figure 1, 
a; given potential gradient may be considered as 
traveling around the inner edges of the helical fi 
strip 3 at a velocity approaching the velocity of 
light. This, if a voltage: maximum in a particle 
air direction appears between points A and 3 
at One instant, it will appear at Correspondingly 
later intervals of time between points E and E, 
B and G, F and H, and SO Oin, until down the 
guide. 

For purposes of illustration, let it be assurned 
that the dimensions of Wave guide 32 are Such 
that electromagnetic wave energy, introduced by 
coupling loop 43, travels around One complete 
turn of the helical passage 32 in a time period 
corresponding to One-half-cycle of the input wave. 
Under. Such conditions there is a sinusoidal volt 
age distribution between opposed inner edges of 
the helical strip. 3. If, under these conditions, 
sand at a particular instant of tine, the Woltage 
between pointS.A. and B is a maxinum in One 
direction, then the potential difference between 
points.E. and F will be Zero, and between points 3: 
B and G a maximum in the opposite direction. 
Within the glass cylinder 2, the electric fields 

extending between opposed pointS on adjacent 
turns of the helical strip. 3 may be resolved into 
components, One of which is parallel to the axis 
28 of electron foW. “The Sense of these parallel 
field components is dependent upon the instan 
taneous polarity of the originating points. As 
wave energy passes from left to right through the 
helical wave guide passage 32, these field con 
ponents may be considered as progressing axially 
from left to right, while simultaneously rotating 
abouti the tube axis. As previously mentioned, 
the axial velocity of propogation of the electro 
magnetic field components will be determined 
primarily by the pitch of the helical guide 32. 

If the electron gun potentials were to be ad 
justed to provide an axial electron beam having 
a velocity substantially equal to the axial velocity 
of propagation of the input electromagnetic Wave 
(as described in the aforementioned patent ap 
plication and herein discussed for illustrative 
purposes only), a bunching action will take place 
as a result of the interaction of the traveling 
election beam and the axially inowing electric 
field components. In a given electron bean, in 
dividual electron velocities extend. Over a . Spec 
trum from a velocity considerably below to one 
considerably above the average velocity. If at 
the time electrons enter that portion of the axis a 
28 of tube 2 encompassed by the input helical 
wave guide 32, point B is positive with respect to 
point A; the entering electrons will experience 
an acceleration toward point, B, whereby instan 
taneously the average velocity of electrons So in 
fiuenced is increased. 

Electrons whose initial velocity is equal to or 
somewhat less than the axial Velocity of the traV 
eling Wave will be continuously accelerated as 
they progress. along with the electric field con 
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ponent in its travel between points.A and B, E 
and F, B and G, and the like, . On the other 
hand, electrons which enter tube 2 in the region 
of helical guide structure 30 with a velocity 
greater than the axial velocity of the traveling 
Wave, Will be retarded somewhat and Will con 
tinue to decrease in Velocity in transit through 
the tube. 

Electrons which enter the region of the helical 
Wave guide 30 when point A is positive with re 
Spect to point B, Will be retarded. Of these re 
tarded electrons, the ones having the highest 
velocities may escape the retarding field and 
enter into a region of an accelerating field of the 
type previously described. The lowest velocity 
electrons may be sufficiently retarded to 'calise 
them to be overtaken by the following cycle of 
an accelerating field component. 
Thus, as the electron bean traverses the Sec 

tion of tube 2: Sp2nned by the helical wave guide 
structure 30, it is acted upon by the traveling 
Wave field components so that electrons will be 
COne progreSSively bunched in the region of max 
imum positive potential points of the electric 
field. The degree of bunching, or density mod 
ulation, depends of course. upon the intensity of 
the input electromagnetic wave and the effective 
length of the helical Wave guide passage 32. The 
density nodulated beam which is formed, as 
hereinabove described, finally impinges upon 
collector plate 2. 
Since the electron bean is progressively re 

diged in Velocity as it, travels through, the region 
of helical Wave guide 32, it is preferable that the 
cleator electrode-2 be.connected to a source of 
potential (not shown) which is that required to 
produce Such electron velocity, as determined by 
the above equation, 

In order for the electron, beam traveling Wave 
tube illustrated in Figure 1 to amplify electro 
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passage 32. 

agnetic Wave energy applied over coaxiacon 
lector 3, it is essential...that there be a net trans 
fer of energy from the electron beam to...the elec 
tronagnetic Wave traveling Within the Wave guide 

For the foregoing discussion it is 
apparent that to accomplish this energy exchange 
it is necessary that the electronbeam actually 
enter the region spanned by the Waveguidestruc 
ture 30 with an average electron velocity some 
what greater than the axial velocity of the elec 
tric field components which extend from the 
open wall of guide:32 into the region of the elec 
tron bean. 
As in the above example, -electrons entering...a 

region of positive potential gradient Will be ac 
Celerated in the direction of the collector eleco 
trode 2. While those entering a region of nega 
tive potential gradient will be retarded. How 
ever, since in Operation the electrons enter the 
Fagion of Wave guide Structure 3 E. With an avera 
age velocity greater than the axial Velocity of 
the axial field components, -electrons will remain 
in a, region of retarding field for a longer period 
than in a region of accelerating field. At a given 
instant, therefore, a greater number of electrons 
are being retarded than accelerated, whereby the 
amount of energy given up to the traveling Wave 
by the electrons at a given instant will be greater 
than the amount of energy absorbed by the elec 
tron beam from the traveling wave. Thus, as 
the electromagnetic wave travels its helical path 
from the input coaxial line. 39 to the output. Co 
axial line 44, the intensity of the Wave energy 
therein progressively builds up, resulting in a net 
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amplification for the system, the amplified sig 
nal being extracted at coaxial line 4. 

Clearly the actual gain obtained by a tube of 
the type illustrated in Figure 1 is dependent upon 
numerous factors including the length of the 
helical Wave guide 32 between input and output 
connectors, the actual velocity differential be 
tween the average electron velocity and the axial 
velocity of the traveling wave. The precise de 
sign factors involved in the construction of a 
tube of this type will not be treated in greater 
detail in the present application. 
The inter-action of the electric field compo 

nent extending into the cylinder in the region 
of the electron beam may also be explained by 
considering the axially moving electrons as en 
countering electric fields whose magnitudes are 
continuously increasing as the electrons traw 
erse the cylinder 2 from the electron gun 2. 
to the collector anode 2. 
When considered in this manner, each retard 

ing field will effectively be greater in intensity 
than the previous accelerating field with the re 
Sult that, electron bunching Will occur in the re 
gions of retarding field. As a phenomenon of 
this type results in the transfer of energy from 
the beam to the wave, energy will be delivered 
by the electrons to the electric field to increase 
further the amplitude of the traveling Wave en 
ergy. Since the electron Velocity in the bean 
When considered on an average is greater than 
that of the axial velocity of the traveling electric 
fields, the electron bunches will not continuously 
be comprised of the same individual electrons: 
rather electrons will drift between electron 
bunches. 
The electron tube illustrated in Figure 1 has a, 

particular tendency to become unstable or act as 
an oscillator unless considerable care is given to 
the matter of preventing refections at both ends 
of the structure. When employed as an anpi. 
fier, as in the above description of Fig. 1, it is 
particularly important to terminate properly and 
match the Wave guide 32 to the external circuits. 
On the other hand, if it is desired to operate 

the electron tube illustrated in Figure 1 as a 
oscillator for the generation of high frequency 
electromagnetic Wave energy, a feedback circuit 
delivering energy from the coaxial line A to the 
input terminal of coaxial line 39 of proper phase 
may be provided. If the gain of the system is 
comparatively high, then merely mismatching the 
terminations at input and output connectors will 
result in self-osciation at a natural frequency 
which may be determined by placing suitable 
frequency sensitive means in the energy input 
and output coupling Systems. 

Referring now to Figure 2, there is illustrated 
a microWave amplifier or oscillator having the 
general electrical features illustrated and de 
scribed in connection with Figure 1, but differing. 
Somewhat, in construction. The electron tube of 
Figure 2 comprises a glass, or similar dielectric 
cylinder 6, sealed and evacuated to permit the 
passage of an electron beam therethrough. 
Sealed into the left-hand end of cylinder 6, as 
viewed in Figure 2, is an electron gun comprising 
an indirectly heated cathode 62, a perforated 
disc-type grid 63, and focusing and accelerating 
cylindrical electrodes 64 and 65, respectively. As 
described in connection with Figure 1, when these 
electrodes are energized from a Suitable power 
Source (not shown), an electron bean is gener 
ated having an average electron Welocity deter 
mined as a function of the total accelerating 

10 

15 

20 

25 

30 

1) 
potential in accordance with the equation set 
forth above. 
The generated electron bean is directed along 

axis 66 toward a collector electrode 6, Suitably 
sealed into the right-hand end of the cylinder 6. 
For amplifier and oscillator operation, the poten 
tial of collector electrode 6 is deterilined in a 
manner similar to that described hereinabove for 
collector electrode 2 shown in Figure 1. 

In accordance With the principles of the pres 
ent invention, a helical Wave guide is coaxially 
disposed with respect to the glass cylinder 6 and 
positioned between the ends thereof. Helical 
wave guide is preferably formed of a coil of 
unitary U-shaped metallic channel comprising 
side Walls 3 and is rigidly spaced by integral 
outer metallic strip 5. As illustrated the inner 
open face of this U-shaped channel is formed to 
iie in the outer surface of cylinder 6. 

In order to prevent siginal reflections and Stand 
ing waves within the wave guide , helical dis 
sipative blocks 8 and 73' are secured within the 
ends of this wave guide. As described in Con 
nection with the impedance matching blocks 54 
of Figure 1, blocks 78 and 78’ are preferably uni 
formly tapered and constituted of a material ca 
pable of effectively dissipating microwave energy. 
The length of a block 8 when measured helically 
about the guide is greater than a wave length at 
the lowest frequency of tube operation. 

Electromagnetic wave energy is introduced into 
the Wave guide through a coaxial line 6, the 
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Outer Wall of which enters the wave guide Sec 
tion through a perforation 7 in the outer metal 
lic strip 5. A loop 8 from the coaxial line in 
her conductor provides ample signal coupling. 
In a corresponding manner a coaxial cable 82 is 
utilized to extract signal energy from the Wave 
guide it. Thus the outer conductor of coaxial 
cable 32 extends into the wave guide 7 through 
a perforation 83 therein, and a loop 84 formed of 
the inner conductor serves as the coupling means. 
The outer helical surface of the wave guide 

is substantially enclosed within a Bakelite or 
similar insulating cylinder 85, upon which a uni 
form, solenoid-type coil 86 is wound. When coil 
86 is energized from a direct current Source (not 
shown), a magnetic field is established having a 
large component parallel to the axis S6 of elec 
tron travel. This magnetic field minimizes de-. 
focusing of the electron beam in its comparative 
ly long axial transit through the cylinder 6 be 
tween the electron gun and the collector electrode. 
6. 
Complete structural means for rigidly position 

ing the elements of the electron tube of Figure 2. 
in the relation shown have not been illustrated. 
The operation of the electron tube illustrated. 

in Figure 2 is essentially similar to that already. 
described in detail in connection. With Figure 1. 
In general when used as an amplifier the weak 
incoming signal energizes the helical wave guide 

by means of coupling loop 8. This input sig 
na, traves down the helica wave guide in the 
direction of flow of electrons toward the collector 
anode 6. The actual axial velocity of the travel : 
ing Wave is a fraction of the velocity through the 
Wave guide due to the helical path traversed. 
therethrough. : -. 

issipative blocks 18 and 8' ensure the ab 
sence of traveling waves in a direction other than 
the axiai direction of electron flow. Between any 
two opposed points, such as M and N of the Open 
side of the helica Wave guide , an electric: 
field is established with a component within the 
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tribe Spatailel to the axis S3 of the electron flow., 
This electric field component may be visualized 
as Spinning about the axis of the tube 6 at Sone 
what less than the velocity of light as the Wave 
travels from left to right as viewed in Figuire 2. 
The average velocity of electrons entering the 

space within tube 6 encompassed by the helical 
wave guide is greater than the axial velocity 
of the traveling wave. As described above the 
electron beam is density nodulated as it traverses 
the region of the helical Wave guide toward the 
collector anode 67. In view of the velocity rela 
tionships specified for the axial component of the 
traveling Wave and the electron beam, the bunch 
ing operation described is accompanied by a gen 
eral retardation of the bear electrons With the 
result that energy is delivered from the electron 
bjean to the traveling Wave. 
As the traveling wave thus approaches the col 

lector anode 67, the energy level thereof is great 
ly increased whereby the energy delivered to co 
axial cable 82 is of considerably higher level than : 
that introduced at coaxial cable 6. 
As a result of the separation of individual tirn 3 

of helical wave guide , there are regions as for. 
example between points N and P within the cylin 
der 6 of comparatively uniformly Weak electric 
field. In other words, the electric field is at all 
times concentrated between opposed broad Wails 
T3 and 4 of the wave guide. In effect, therefol's, 
regions within the cylinder 6 such as that be 
tween points N and P, act as “drift spaces' 
through which the velocity. Of electrons re;iains 
substantially unaffected. 
The electron tube of Figure 2 may be connected 

for oscillator operation by connecting a portion of 
the signal output obtained in coaxial cable 82 
through proper phasing means to the inpit coax 
ial cable 6. 
circuit of suitable form (not shown) is preferably 
connected into the feedback means. 
As in the case of the electron tube illustrated 

in Figure 1, the beam traveling wave tube of 
Figure 2 is substantially unaffected by signal fre 
quency changes between wide limits or by the 3. 
band width thereof. It is preferable that the 
diameter of cylinder 6 be chosen such that, when 
the volume enclosed thereby is considered as a 
cylindrical wave guide, it has a cut-off frequency 
above the range of operation of the tube, where 
by direct wave propagation and wave reflections 
at the signal frequency tending to distort the 
normal electric fields are precluded. 

Inter-action with the electron bearin of Wave 
energy in the Wave guide inter-turn space 88 is 5 
highly undesirable. By filling the inter-turn 
spaces 83 by an absorptive material (not shown) 
the effect of inter-turn energy may be substay 
tially eliminated. Although an inner-turn space 
dissipative material has not been illustrated in 
Figure 2 of the present application, there is illus 
tration and discussion thereof it, iry aforefine 
tioned co-pending patent application. 
The electron tubes illustrated in Figures i and 

2 of the present application are capable of opera 
tion as microwave amplifiers or oscillators over 
extremely wide bands. However, it has been ob-r 
served that frequency variations alter the strength 
of the electric fields established between opposed 
points such as Mi and N of Figure 2 of the helical 
wave guide. 
The range of operation of the electron tubes of 

Figures 1 and 2 may be extended considerably 
in frequency by incorporating wave guide con 
structions as illustrated in Figures 3 and 4. 

For stability of operation, a filte' 
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Referring now to Figure 3, there is illustrated. 
a portion of an electron tube generally constructed. 
in accordance with the principles illustrated in 
Figure 1, but modified to include a frequency. 
broadening meanS. 
Thus in Figure 3 there is shown a dielectric 

cylinder. 2' surrounded by an edge-wound helical 
strip 3 of conductive material which for is a 

extending 
The edge-wound strip 

helical channel or wave guide 30 

3 is wholly enclosed within a metallic cylinder 
33 which in turn is covered by a Bakelite coil 
form 52 for the solenoidal coil 5. The coia 
ponents of Figure 3, namely members 2, Si, 33, 
5 and 52, function as the correspondingly desig 
nated elements of the electron tube of Figure 1. 
The sole modification incorporated in the Struc 

ture of Figure 3 is the addition of a fiat heiical 
metallic strip S. 

strip 3 which defines the sides of helical wave 
guide 38. Further, the helical gap 22 defined by 
adjacent turns of helical strip is is arranged to 
be substantially centrally disposed with respect to 
the edges of the helical strip 3. 

It will now be apparent that the helical Wave 
guide 39, Figure 3, is defined between metallic 
side walls comprising adjacent turns of helical 
strip 3i, a metallic outer side wall as formed by 
metallic cylinder 33, and an inner metallic wall 
formed by portions of adjacent turns of helical 
strip on either side of helical gap 2. 
An electronagnetic field established by a trav 

eling wave within the wave guide 3 in turn estab 
lishes an electric field directed across the helical 
gap f 82, which field is in effect similar to the field 
described as formed between points B and C of 
the electron tube of Figure 1 with the exception 
of increased intensity. 
The field extending across the gap 92 also ex 

tends through dielectric cylinder 2 and Spins 
helically as it progresses down the guide between 
the input and output couplers. (not shown in Fig 
lure 3). 

Electrically the capacitive. loading introduced 
by the helical strip () tends to inaintain the 
strength of the electric field existing across the 
gap substantially constant for wide frequency. 
variations of the input Wave energy. As a conse 
quence of this construction, the traveling Wave 
electron tube of Figure 3 is operable over a wider 
frequency band than the corresponding tube 
shown in Figure 1. The application of a helical 
strip, such as 3 thus provides a certain design. 
freedom when constructing the Wave guide Struc 
ture 39. 

Referring now to Figure 4, there is illustrated in 
fragmentary forma, modification of the electron 
tube shown in Figure2 corresponding essentially 
to the above described modification of the elec 
tron tube of Figure 1 as illustrated in Figure 3. 

In Figure 4 the dielectric cylinder 6, the helical 
wave guide it, the enclosing Bakelite coil form 85, 
and the solenoid coil 86 correspond to the simi 
larly designated componeints of the electron tube 
of Figure 2. Other structural features of Figure 
2 have been omitted as they are unessential to the 
description of the present modification. 
To increase the frequency band of operation 

possible for a bean electron tube of this type, a 
helically wound flat, metallic strip has been po 
sitioned upon the outer surface of cylinder 8, and 
has a pitch corresponding to that of helical wave 

The axial width of the strip it is such 
that, at this pitch, there is provided a uniform 
guide . 

m The strip isi as illustrated in 
Figure 3 is of a pitch equal to that of the helical 
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helical air gap f 2 between adjacent turns there 
of, similar to air gap f O2 described in connection 
With Figure 3. 
The air gap 2 which is of helical form is ar 

ranged as illustrated in Figure 4 as to lie Cen 
tralling of the open inner wall of the U-shaped 
wave guide section 7 . It may also be seen that 
the helical strip completely spans the inter 
turn space 88 between adjacent turns of the Wave 
guide 7. 

In operation, traveling wave energy appearling 
within wave guide 7 establishes a particularly 
intense electric field across the gap f 2 which 
functions in the manner already described in 
connection with the traveling fields of Figures 1 
and 2, with the advantage that the construction 
illustrated is operable over a much greater fre 
quency range. 
From the foregoing description of the present 

traveling wave electron tubes, it is apparent that 
these offer design possibilities unattainable with 
other known means. Although described above 
as functioning as signal amplifiers, these tubes 
may be employed as microwave modulators and 
detectors, and in other circuits where conven 
tional tube types fail to give the desired perform 

Ce, 
Numerous modifications of the apparatus here 

in disclosed are possible without departing from 
the spirit of the present invention. As described, 
a helical path is employed for signal propagation 
to reduce the axial velocity of wave propagation 
to the average electron velocity. A large pitch, 
necessitating fewer turns for the input and olt 
put wave guides, may be used if the wave guides 
are filled with a solid, low loss dielectric sub 
stance. This is possible since the velocity of wave 
propagation in a solid dielectric is substantially 
less than the velocity in free space. 
In order to increase further the energy outroit 

of the tubes illustrated, the helical Wave guides 
may be operated with a uniform increasing po 
tential gradient. Thus, the guides may be formed 
of a resistive material rather than of highly con 
ductive substances as herein above described, and 4 
a direct voltage maintained between the ends 
thereof, the positive end being furthest along in 
the direction of electron travel. This positive 
gradient will accelerate and add to the kinetic 
energy of the electrons, and permit the extraction 
of increased power from the bunched beam. 

It will now also be obvious to those skilled in 
the art that the inventive principle herein dis 
closed may, without departure from the inven 
tion, take the form in which both the wave guide 
and electron beam System are enclosed in a corn 
mon evacuated envelope as illustrated in Figure 3. 
of the parent application of this application, 
Serial No. 761,798 filed July 18, 1947. 

In view of the many possible structural and 
electrical design modifications possible, it is pre 
ferred that the present invention be defined sole 
ly by the appended claims. 

claim: 
1. An electron tube comprising an evacuated 

dielectric cylinder, means for generating an elec 
tron beam therein, a helical wave guide formed of 
channel shaped conductor having substantially 
rectangular cross-section, a flat helical conduc 
tive strip formed in engagement with the outer 
surface of said dielectric cylinder, the open end 
of Said channel engaging said Strip, said strip 
being formed with adjacent turns spaced from 
each other so as to effect a helical gap of pitch 
equal to the pitch of said helical wave guide, said 
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gap being disposed centrally of said Open end of 
said wave guide and permitting energy radiation 
from said wave guide into the region of said elec. 
tron beam, and means for introducing energy to 
and extracting energy from said wave guide. 

2. An electron tube comprising an evacuated 
dielectric cylinder, means for generating an elec 
tron beam therein, a helical wave guide formed 
of channel shaped conductor having Substantially 
rectangular cross-section, a flat helical conduc 
tive strip formed in engagement with the Outer 
surface of said dielectric cylinder, the open end 
of said channel engaging said strip, said strip 
being formed with adjacent turns spaced from 
each other so as to effect a helical gap of pitch 
equal to the pitch of said helical wave guide, said 
gap being disposed centrally of said open end of 
said wave guide and permitting energy radiation 
from said wave guide into the region of said elec 
tron beam, and means for introducing energy to 
and extracting energy from said wave guide, said 
wave guide being formed to permit inter-action 
of electromagnetic wave energy flowing therein 
With Said electron bean. 

3. An electron tube comprising an evacuated 
dielectric cwlinder, means for generating an elec 
tron beam therein, means for directing said beam 
along a predetermined path, a continuous helical 
wave guide formed of channel shaped conductor 
having substantially rectangular cross-section, a 
fiat helical conductive strip formed in engage 
ment with the outer surface of said dielectric 
cylinder, the open end of said channel engaging 
said strip, said strip being formed with adjacent 
turns spaced from each other so as to effect a 
helical gap of pitch equal to the pitch of said heli 
cal wave guide, said gap being disposed centrally 
of said open end of said wave guide and permit 
ting energy radiation from said wave guide into 
the region of said electron beam, and wave energy 
coupling means associated with each end of said 
wave guide, 

4. An electron tube comprising an evacuated 
dielectric cylinder, means for generating an elec 
tron beam therein, means for directing said elec 
tron beam along a predetermined path, and a 
continuous helical wave guide formed of channel 
shaped conductor having substantially rectangul 
lar cross-section, a flat helical conductive strip 
formed in engagement with the Outer surface of 
said dielectric cylinder, the open end of said 
channel engaging said strip, said strip being 
formed with adjacent turns spaced from each 
other so as to effect a helical gap of pitch equal 

5 to the pitch of said helical wave guide, said gap 
being disposed centrally of said open end of said 
wave guide and permitting energy radiation from 
Said wave guide into the region of Said electron 
beam, said wave guide being formed to permit 
inter-action of electromagnetic wave energy flow 
ing therein with said electron beam, and said 
wave guide having energy input and output coul 
plings displaced longitudinally of said path. 

5. An electron tube comprising an evacuated 
dielectric cylinder, means for generating an elec 
tron beam therein, means for directing said elec 
tron beam over a substantially linear path, a 
wave guide of substantially rectangular cross-sec 
tion helically wound around said beam path, a 
flat helical conductive strip formed in engage 
ment With the Outer Surface of Said dielectric 
cylinder, the open end of said guide engaging 
said strip, said strip being formed with adjacent 
turns spaced from each other so as to effect a 
helical gap of pitch equal to the pitch of Said heli 
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cal wave guide, said: gap being disposed cenr. 
trally of said: open end of Said. Wave. guide and 
permitting energy radiation from Said Wave guide 
into the region of said, electron-beam, Said Wave 
guide being adapted to permit density modular 
tion of said electron bean: in accordance. With 
electric wave-energy, flowing therein, and to exir 
tract... energy frona: a density, modulated: electron 
bean. 

6. A bean traveling wave electron, tube con 
prising in connbination: an evacuated dielectric 
cylinder, an electrol. gun disposed at an end of 
said: cylinder for generating an electron beam 
of predetermined average electrol velocity, a col 
lector electrodepositioned. Within the opposed end 
of said dielectric cylinder, means: for directing 
said generated election beam axially through Said 
dielectric cylinder and 'impinging Said bean upon 
said: collector electrose, a helical wave guide 
formed of channel shaped conductor having Sub 
stantially recialingular cross-section, a fiat helical 
conductive strip formed in engagement. With the 
otter Strface of said dielectric cylinder, the open 
end of Sail channel engaging Said, Strip, Said 
strip; being formed with adjacent turns Spaced 
from each other so as to effect: a helical gap of 
pitch equal to the pitch of Said helical Wave guide, 
said gap being disposed centially of said open end 
of Said Wave guide and perinitting energy, radia 
tion from said Wave guide into the region of Said 
electron bean, and means for introducing and 
extracting energy from Said Wave guide: 

7. An: electron. tube comprising an evacuated 
dielectric cylinder, iiaeans for generating an elec 
tron bear therein, a helica waveguide of sub 
stantially rectangular cross-section having Oiae 
of its conductive-bounding surfaces in engage 
insent with the oute; surface of said dielectric 
cylinder, said one bounding: surface being pro 
vided with a gay running lengthwise thereof and 
following the helical convolutions of said surface, 
said gap being disposed centrally of Said. One 
bounding. Surface and permitting energy radia 
tion fron said: Waveguide into the region of Said 
eleastronoeam, and means for introducing energy ; 
to and cxtracting energy from said Waveguide, 
the axial diziension of Said: gap being leSS than 
the axial dirersion of the croSS-Section of Said 
wave guide. 

8. A beam, traveling wave electron. tube coin- : 
prising in combination an evacuated dielectric 
cylinder, an electron gun disposed at an end of 
said: cylinder for generating an electron baam of 
redetermined average electron velocity, a col 

lector electrode position2d Within the Opposed 
cni of said dialectric cylinder, neas for direct 
ing said generated electron bean: axially through 
said dielectric cylinder. and impinging Said bean 
upon said collector electrode, a helical waveguide 
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of Substantially rectangular cross-section...having 
One of its conductive bounding surfaces: in: ens, 
gagement. With the Outer Surface of Said dielec. 
tric cylinder, Said one bounding surface being 
provided with a gap running lengthwise thereof. 
and following the helical convolutions of Said 
Surface, Said gap being disposed centrally of Said 
One bounding surface and permitting energy.radi 
ation from Said. Waveguide into the region of Said 
electron beam, and means for introducing energy, 
to, and extracting energy from said waveguide, 
the axial. dinnension of said gap being less-than 
the axial dimension of the cross-section of said 
Wave guide. 

9. A bean traveling wave electron tube conse 
prising in coincination an evacuated dielectric 
cylinder, an electron gun, dispesed at an end of 
Said cylinder for generating an electroh beam of 
predetermined average electron velocity, a col 
lector electrode positioned within the opposed 
end of Said dielectric cylinder, means for direct 
ing said generated electron beam axially through 
Said dielectric cylinder and impinging said beam 
upon Said collector electrode, a helical waveguide 
of Substantially rectangular cross-section having 
One of its conductive bounding Sulfaces in en 
gagement with the Outer surface of said dielee. 
tric cylinder, said one bounding surface being 
provided with a gap running...lengthwise thereof: 
and following the helical convolutions of said 
Surface, Said gap being disposed centrally of said 
One bounding suifaee and permitting energy, radi 
ation from Said waveguide into the region of Said 
electron bean, and lineans for introducing energy 
to and extracting energy from said waveguide, 
Said Waveguide being adapted to permit density, 
nodulation of Said; electron beam in accordance. 
With electric wave energy flowing therein, and to. 
extract energy from a density nodulated electron 
beam, the axial dimension of Said gap being less 
than the axial dimension of the cross-section of 
Said Wave guide. 

JGHN.W. TILEY. 
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