
2,630,544 

2 SHEETS-SHEET 

—??????T 
dd-der : f-de 

BY 

ATTORNIEKS 

J. W. TILEY 

TRAVELING WAWE ELECTRONIC TUBE 
March 3, 1953 

Fied March 20, 1948 

Yaaaaaya 

AAAAA* 

rwaaaaaaaa 

* ZZZZZZa ZZ M 

  

  

  

  

  



J. W. TILEY 2,630,544 
TRAVELING WAWE ELECTRONIC TUBE 

March 3, 1953 

Filed March 20, 1948 2 SHEETS-SHRET 2. 

  

  

  

  



Patented Mar. 3, 1953 2,630,544 

UNITED STATES PATENT OFFICE 
2,630,544 

TRAVELINGWAVEELECTRONIC TUBE 
John W. Tiley, Philadelphia, Pa., assignor to 

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

Application March 20, 1948, Serial No. 6,011. 
(C. 315-3) 13 Claimis. 

The present invention relates generally to the 
electromagnetic traveling Wave tube art, and more 
particularly to novel apparatus based upon the 
principles of beam traveling wave electron tubes 
and adapted to produce high intensity, high ve 
locity beams of charged particles. 
This application is a continuation-in-part of 

my co-pending patent application Serial No. 
761798, filed July 18, 1947, which issued as Pat 
ent No. 2,541,843 on February 13, 1951. For in 
formation purposes, reference is made to my co 
pending patent applications Serial No. 788,724, filed 
November 28, 1947, and Serial No. 4,849, filed Janu 
ary 28, 1948, which issued as Patent No. 2,584,308 
on February 5, 1952. The latter two applica 
tions are also continuations-in-part of the afore 
said parent application Serial No. 761,798. 
Beams of high velocity, high energy electro 

statically charged particles have extensive appli 
cation in the physical arts. The conventional type 
cathode ray tube is an example of a common use 
of a high energy electron beam. For use in con 
nection with nuclear studies, special beam gener 
ating apparatus has been developed, including 
such particle generators as the cyclotron and the 
synchrotron. 

It is well known in the art that a charged par 
ticle, such as the electron, may be accelerated to 
an extremely high velocity and consequently high 
energy level by allowing the electron freely to 
traverse a path within a high voltage electric field. 
For particle velocities approximately one tenth 
that of the Velocity of light or less, the final ve 
locity of the electron is proportional to the square 
root of the accelerating potential. It has been 
generally recognized that the generation of par 
ticle beams solely through the use of high poten 
tial accelerating fields is impractical When it is 
desired to obtain extremely high energy particles. 
The application of a potential between 50,000 volts 
and 1,000,000 VoltS involves numerous Special elec 
trical design considerations and presents a dis 
tinct hazard to Operating perSonnel. Extremely 
high voltage cathode ray tubes, as required for 
large television images of considerable brightness, 
are particularly hazardous Since these high Volt 
ages must be present in the home, where serious 
harm may be caused by failure to incorporate 
reliable safety apparatus. 
Modern particle accelerators such as the cyclo 

tron and others obtain high energy particles by 
imparting to these particles a considerable num 
ber of cumulative accelerating impulses, and 
thereby successively raise the total particle en 
ergy to the desired level. However, a cyclotron 
or like machine is wholly impractical outside the 
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laboratory, principally because of its huge size 
and cost. 
A recent electronic development, known as the 

beam traveling wave tube is utilized, in accord 
ance With the principles of the present inven 
tion, to provide means for obtaining high energy 
charged particle beams. Because of the simpli 
fied nature of the present apparatus, it may be 
incorporated into conventional electronic equip 
ment requiring particle beams. 
For a general description and illustration of the 

development of the beam traveling wave tube, 
reference is made to the publication “Bell Labo 
ratories 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 consti 
tuted of an electron gun similar to those em 
ployed in cathode ray tubes. An electron beam 
generated by the gun is directed along the axis 
of a long evacuated tube and inpinged upon a 
collector anode. Within the tube, and surround 
ing 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 conventional 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 
travels axially of the tube at a fraction of the 
Speed of light; and the electron gun and collector 
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 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 
diminution of energy 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 all-pass transmis 
Sion 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 fluctuations in velocity and density. The 
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density modulated electron bean delivers energy 
to the wave and over the helix section nearest 
the collector there is a substantially uniform gain 
per unit length of travel. 
In my aforementioned co-pending patent ap 

plications there are described numerous embodi 
ments of bean electromagnetic traveling Wave 
tubes having application as broad band micro 
wave amplifiers, oscillators, frequency convertOrS 
Or mixers and the like. The electron tubes dis 
closed in these above identified patent appli 
cations utilize Wave guides for directing Wave 
signals around the path of an electron bean. 
These guides permit direct coupling of the elec 
tromagnetic fields therein and the tube electron 
beam and have the advantage of precluding 
excessive energy radiation and undesirable 
Coupling With external fields. 

In the aforementioned patent applications it 
Was demonstrated that signal amplification 
could be obtained in an electromagnetic travel 
ing wave tube by causing an electron bean to 
traverse the axis of first and Second, Or input 
and output, helical wave guide Sections of pre 
determined 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 
bean Was then caused to traverSe a Second Or 
output helical 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 elec 
tron beam. When certain conditions of beam 
velocity and helix structure are properly satis 
fied, considerable gain is obtained and the 
electron tubes are capable of either amplifier 
or oscillator operation; the latter being accom 
plished by coupling a predetermined portion of 
the output signal in the correct phase to the 
input wave guide. For traveling Wave tubes 
having independent input and Output Wave guide 
sections, it has been determined that the opti 
mum average beam velocity through the guides 
is equal to the axial component of Velocity of 
the electromagnetic traveling Wave. 

It has also been demonstrated in the afore 
mentioned patent applications that a single 
helical Wave guide could be utilized for both 
modulating and extracting energy from an 
electron bean, Such that an incoming Signal 
could be coupled into the Wave guide at the 
input or electron gun end thereof and the ampli 
fied output. Signal could be derived from the 
opposite end thereOf. For Single Wave guide op 
eration, it Was demOnStrated that Optimum 

e electron beam. Velocity was Somewhat higher 
than the axial velocity component of the travel 
ing Wave in the tube. In transit through the 
tube, each group of electrons was shown to 
deliver energy to the traveling Wave, and the 
consequence thereof, the Output Signal, was at 
a level considerably above that introduced at 
the input end of the guide. 

It has been observed and clearly described in 
the above-mentioned co-pending patent appli 
cations that in transit through the beam travel 
ing wave tube, the electron beam tends to become 
bunched in the positive potential regions of the 
traveling wave. In the traveling wave tube 
utilizing a single helical Wave guide for ampli 
fication or signal generation and utilizing a beam 
velocity somewhat higher than the traveling 
wave axial velocity, this bunching effect results 
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4. 
in a general retardation of electrons in the 
beam. hysically, this retardation or general 
lowering of the average electron velocity in the 
beam is a consequence of the transfer of energy 
from the electron beam to the traveling electro 
magnetic wave. It is, in fact, this energy trans 
fer from beam to wave which results in signal 
amplification. Such that the output traveling Wave 
is at an energy level considerably above the in 
put traveling Wave. 

If electrons were to enter the region of coupling 
With the electromagnetic traveling wave at an 
axial velocity. Somewhat less than the axial 
velocity of the traveling Wave, then this bunch 
ing effect, Which tends to Synchronize the axial 
flow of electrons with the axial movement of 
positive potential regions of the traveling Wave, 
would result in a general increase of average 
electron velocity. Obviously, this velocity in 
crease which represents an increase in over 
all beam energy level is effected by the extraction 
of energy from the traveling wave. For this 
reaSOn, it WaS Stated in Co-pending application 
Serial No. 761,798 that electron Velocities below 
the axial velocity of the traveling Wave were 
undesirable Since signal amplification could not 
be thus accomplished. 

It is broadly an object of the present invention 
to provide means for utilizing the herein above 
mentioned principles of beam traveling wave 
tube operation for obtaining high intensity and 
high velocity charged particle beams readily 
adaptable for laboratory purposes and to inex 
pensive and non-hazardous commercial equip 
ment. In its basic form the apparatus of this 
invention comprises an electron beam generator 
of a conveniently obtainable low energy level 
and aSSociated means for providing an axially 
moving electromagnetic traveling wave arranged 
for interaction. With the electron beam. At its 
input end the axial velocity component of the 
traveling Wave is Substantially equal to the axial 
velocity of the generated electron beam. HOW 
ever, means are provided for gradually and 
uniformly increasing the axial velocity compo 
nent of the traveling wave which correspondingly 
increases the average axial velocity of the elec 
tron beam at the expense of energy transferred 
from the traveling Wave to the electron beam. 
There is thus produced an electron beam having 
an average velocity greater than that originally 
imparted thereto by the electron beam gener 
ating means. 
The electromagnetic traveling wave having 

the necessary axial velocity component is ob 
tained by Suitably energizing a helical wave guide 
of the type completely described in the afore 
mentioned co-pending patent applications. 
Gracdual increase in axial velocity of this travel 
ing Wave While traversing its path is effected 
by forming the helical guide with uniformly 
increasing pitch in the direction of wave travel. 

It is accordingly an object of the present in 
vention to provide novel means for generating 
hign intensity beams of electrostatically charged 
particles. 
Another object of the present invention is to 

provide means incorporating guides for electro 
magnetic traveling Waves for accelerating par 
ticles in a charged beam. 
A further object of the present invention is to 

provide means for gradually increasing the axial 
component of velocity of a helically traveling 
electromagnetic wave. 

Still another object of the present invention is 
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to provide means for accelerating electrons with 
in a beam to velocities far in excess of those in 
parted by electrostatic fields in the beam gener 
ating means. 
Another object of the present invention is to 

provide an electron beam accelerator utilizing a 
helical wave guide structure excited by a high 
irequency electromagnetic wave. 
A further object of the present invention is to 

provide a novel cathode ray tube utilizing a heli 
cal Wave guide electron beam accelerator for ob 
taining high beam intensity without the require 
ment of externally generated and applied high 
direct voltage. 
These and other objects of the present inven 

tion will now become apparent from the follow 
ing detailed Specification when taken in connec 
tion with the accompanying drawings in which: 

Figure.1 is an axial Sectional view of a particle 
accelerator incorporating the principles of the 
present invention, and 

Figure 2 is a sectional view of a cathode ray 
tube having beam accelerating means utilizing 
the novel particle accelerator illustrated in Fig 
ure 1. 
With reference now to the drawings and more 

particularly to Figure 1 thereof, there is illus 
trated an electron beam accelerator tube incor 
porating the features of the present invention, 
and comprising generally a comparatively large 
diameter, evacuated glass, or other dielectric cyl 
inder fl, having tapered ends 2 and 3. 

Sealed into the left end 2 of the glass cylinder 
f , are the electrodes of an electron gun. 20 simi 
lar to those utilized in conventional cathode ray 
tube structures. As shown, the electron gun 20 
comprises a heater 22 and its associated cathode 
23, a centrally perforated control grid 24 and 
focusing and accelerating hollow cylindrical elec 
trodes 25 and 26, respectively. When the elec 
trodes comprising the electron gun 20 are ener 
gized from power source 9 an axial beam of 
electrons of predetermined velocity is generated 
and directed along the axis 28 of cylinder tor 
Ward a disc shaped collector electrode 27 sealed 
into the right-hand end 3 of the tube, as viewed 
in Figure 1. 
As is well understood in the electron gun art, 

the velocity of electrons leaving the accelerating 
electrode 26 is on the average substantially pro 
portional to the Square root of the potential dif 
ference between the cathode 23 and the acceler 
ating electrode 26. As discussed hereinabove, 
this square root relationship between velocity 
and potential difference seriously limits the abil 
ity of conventional electron accelerating devices 
to provide extremely high velocity electrons with 
out the use of impractically high voltages. In 
the present apparatus it will be understood that 
the electron gun 20 is of the type used in a Con 
ventional low-voltage cathode ray tube and con 
sequently, does not by itself produce extremely 
high velocity electrons, nor require excessive 
hazardous voltages requiring particularly reliable 
safety enclosures and expensive and weighty in 
sulation. 

Structural means required for Supporting the 
electron gun electrodes have been omitted from 
the drawing for clarity. Further description of 
the energizing means 9 are considered unneces 
sary at this point, since electron beam generators 
or electron guns of the type illustrated are Sufi 
"ciently well-known in the electronic art. 

In accordance with the broad principles of the 
present invention, the axial path of travel of the 
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6 
electron beam between the electron gun acceler 
ating electrode 26 and the collector electrode 27 
is Substantially enclosed within a helical wave 
guide assembly, a portion of which, as will be 
described below, serves to increase considerably 
the average velocity and energy level of the elec 
tron beam prior to its contact with collector 
electrode 27. 
As illustrated in the drawing, the region within 

glass cylinder between accelerating electrode 
26 and collector anode 27 is enclosed by a con 
ductive metallic cylinder 3, having an axis sub 
stantially coincident with the electron beam path 
28 and lying in surface contacting relationship 
with the inner wall of glass cylinder f. The 
space within metallic cylinder 3 f is divided axi 
ally into two regions, the left portion 32 con 
prising a high frequency Oscillator or exciter and 
the right portion 33 comprising an electron ac 
celerator. 
The exciter section 32 of the apparatus illus 

trated in Figure 1 comprises basically a beam 
traveling wave OScillator operating on the prin 
ciples described in considerable detail in the 
aforementioned application Serial No. 788,724. 
This oscillator, as illustrated in Figure 1, is con 
Stituted of a single helical wave guide 4f, formed 
of a thin, highly conductive metallic strip 42, 
helically Wound in edgewise contacting relation 
ship with the hollow cylindrical conductive en 
closing cylinder 3f. It will be noted that the 
helical wave guide 4 is of substantially uniform 
pitch. 
The radial dimension of the conductive strip 

42, as illustrated in Figure 1, is somewhat less 
than the inner radius of the conductive cylinder 
3 and accordingly, the inner edge 43 of the con 
ductive strip 42 forms a helix lying in a cylin 
drical surface enclosing the axis 28 of electron 
travel. 
The wave guide 4 defined by helically wound 

strip 42 and its enclosing conductive cylinder 3 
is a helical passage of substantially uniform rec 
tangular cross-section, and which progresses 
axially of the tube. Wave guide 4 is enclosed 
at any point by two adjacent turns of the con 
ductive metallic strip 42 and by the metallic 
surface of enclosing cylinder 3. The innermost 
wall of the helical wave guide 4, lying between 
adjacent turns of helical edge 43, is open insofar 
as radiation of electromagnetic fields is con 
cerned. Accordingly, there may be a transfer of 
energy between an electron beam traveling axi 
ally through the tube and electromagnetic trav 
eling waves progressing axially within the helical 
guide 4 within the exciter section 32 of the ap 
paratus illustrated. 
The end turns 45 and 46 of the conductive strip 

42 are circular rather than helical and hence 
provide Substantially planar terminations. As 
a consequence of this construction, the spaces 
between the last helical turns of strip 42 and the 
planar ends 45 and 46 uniformly diminish in 
CrOSS Section. 

By means of lead 50, which connects the end 
turn 45 of strip 42 to the accelerating electrode 
26, all metallic components within cylinder 3 are 
maintained at the static potential of anode 26. 
In the aforementioned co-pending application 

Serial No. 788,724, it was clearly demonstrated 
that a beam traveling wave tube utilizing a single 
helical wave guide of substantially uniform pitch 
could be caused to oscillate by suitable feedback 
from output to input ends thereof. It was dis 
closed that one manner in which such feedback 
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equal to the pitch of the exciter section wave 
guide 4 and accordingly, electrons entering the 
accelerating region 33 will be in substantial Syn 
chronism with the traveling Wave axially pro 
gressing therethrough. In traversing the acceler 
ating region 33, electron bunches within the 
beam remain synchronized with the axial pro 
gression of positive potential regions of the trav 
eling wave electric fields extending inwardly 
toward the electron beam path. Although mot 
thus illustrated, the accelerating wave guide 52 
may be formed so that a number of turns thereof 
at the left end abutting the exciter section 32 
are of a pitch equal to that of exciter wave 
guide 4. This construction will be of aid in 
ensuring synchronism between the electron bean 
and traveling Wave movements. 
As a result of the uniform increase in pitch 

of the accelerating wave guide 33, the axial Com 
ponent of velocity of the traveling wave within 
the wave guide 52 gradually increases from the 
initial velocity at coupling loop 68. This pro 
gressive increase in axial Wave velocity corre 
Spondingly progressively increases the axial ve 
locity of the electron beam bunches Synchronized 
with the movement of the traveling wave and 
as a consequence, the electrons emerging from 
the right-hand end of the accelerating region 
33 have an average axial velocity considerably 
in excess of the velocity of these electrons as 
they entered the accelerating region 33. These 
high velocity electrons impinge upon collector 
electrode 27, in turn connected to a suitable load 
(not shown). Although the electrons emerging 
from the accelerating region 33 strike collector 
anode 27 in bunches, a comparatively constant 
potential may be maintained at electrode 27 by 
means of a suitable load capacitor 75 connected 
between collector electrode 27 and a reference 
potential, such as ground. 
The increase in energy represented by the in 

crease in average electron velocity of course is 
derived from the traveling Wave. Thus oscillator 
section 32 must be of sufficient power to provide 
the required energy. 

It will be noted that if electrons entering the 
accelerating region 33 are traveling axially at 
a speed approximately one-tenth that of light, 
and that if the pitch of the accelerating helical 
wave guide 52 is at its output end twice the pitch 
at its input end, then electrons will strike collector 
electrode 27 at a velocity approximately two 
tenths the velocity of light. From consideration 
of the aforementioned Square root relationship 
between electron velocity and accelerating po 
tential, it is apparent that doubling the electron 
velocity in the apparatus of Figure 1, corresponds 
to that velocity change which would be pro 
duced by an increase in potential of Substan 
tially four times that applied. Thus, by doubling 
the velocity of electrons in the accelerating re 
gion 33 of Figure 1, 10,000 volt electrons electro 
statically accelerated may be further accelerated 
to a velocity corresponding to that ordinarily ob 
tained by an accelerating potential of 40,000 
volts. It will be noted, however, that 40,000 volts 
need not be applied to the structure to produce 
these electrons. 

Clearly, the high intensity electrons obtained 
at the output of the accelerator, shown in Figure 
l, need not be impinged upon a collector elec 
trode. Instead, an X-ray anode may be substi 
tuted, or a test Specimen for electron bombard 
ment. These and other applications of high in 
tensity beams are well known. 

10 

10 
Although the electron tube of Figure 1 has 

been described as an accelerator incorporating 
a beam traveling wave exciting section, it is 
apparent that external excitation may instead 
be provided. Thus, an accelerator tube may be 
Similarly constructed with the exception that 
the exciter region 32 is omitted and that coul 
pling means (not shown) are provided for ex 
citing the accelerating helical wave guide 52 with 
electromagnetic wave energy of Suitable fre 
quency and energy level. Also, one of the other 
known electron beam Oscillator type electron 
tubes, as for example, the So-called McNally 
tube, may be substituted for the beam traveling 
Wave Oscillator Section 32. 
The general application of a helical wave guide 

particle accelerator to a cathode ray tube struc 
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ture having otherwise conventional character 
istics is illustrated in Figure 2, and reference is 
now made thereto. The cathode ray tube 00 
is in the conventional manner formed of a glass 
or other suitable evacuated envelope 0 , having 
a flared portion, the face O2 of which is in 
teriorly coated with a phosphor 103 of Con 
ventional composition. 
The neck 04 of the cathode ray tube 00 en 

closes a helical Wave guide accelerating struc 
ture 05 which, in all respects, is identical to the 
metallic cylinder 3 and the enclosed helical 
guides illustrated in Figure 1. In view of this 
identity in structure, no further description of 
the features of accelerating System 105 is con 
sidered necessary at this point. 

Also enclosed within the neck 04 of the cath 
Ode ray tube foo is an electron gun 20 having 
the electrodes of the electron gun 20 of Figure 1. 
The Outer Surface of the neck 04 of the cath 

ode ray tube too is fitted with a coil form 72 
housing a coil 7 (as in Figure 1) which serves 
to maintain electrons generated by electron gun 
20 in a narrow, axial beam 08 in their travel 
through the accelerating structure O5 Within 
the tube neck. 

For the cathode ray tube illustrated in Figure 
2, the electron gun 20 may be of low-voltage 
design, although a high intensity spot O is de 
sired upon the fluorescent screen 03. Acceler 
ation of the electron beam to the desired high 
intensity level after leaving the electron gun 
20 is accomplished by the helical wave guide 
accelerating System 05, operating in the man 
mer already fully disclosed above in discussion 
of the apparatus illustrated in Figure 1. Due to 
the gradual increase in pitch of the accelerating 
Wave guide. Within structure 05, electrons in 
beam 08 Strike fluorescent screen 03 at a veloc 
ity far in excess of the velocity imparted thereto 
by electron gun. 20. The need for impractically 
high potentials is thus obviated. 
As the helical accelerating structure 05 con 

tains a Self-excited oscillator section, no high 
frequency signal need be coupled into the cath 

ray tube from an external oscillation gener 
atO. 

An aqua dag or other suitable conductive ring 
is provided within the cathode ray tube in 

the region of the fluorescent screen 103. An ex 
ternal terminal 2 is provided for applying a 
Suitable direct potential to this electrode. Mag 
netic deflection coils í 15 are provided for the 
purpose of deflecting the electron beam 08 in a 
Suitable manner in accordance with the usage of 
the tube. 
Although the cathode ray tube electron beam 

accelerating means to5 has been illustrated in 
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Figure 2 asidentical to that illustrated in Figure 
1, it will be evident that i various modifications 
may be made without in any manner altering the 
advantages obtained by use of high frequency 
helical Wave guide accelerating means. For ex 
ample, it is possible to excite the helical accel 
erating section 05 from an external Source of 
high-frequency energy, and thus omit the excit 
ing section from the tube. This is economical 
of space within the cathode ray tube 00. 
The electron accelerating system illustrated in 

Figure 1 may be applied to various electronic 
apparatus other than the cathode ray tube struc 
ture illustrated in Figure 2. This particle accel 
erating system may be employed. Wherever high 
velocity electrons are desired and wherever it is 
undesirable to generate and maintain high direct 
potentials required for direct acceleration. 
The operating principles of this tube.need not, 

of course, be confined to negative particles (elec 
trons). Rather, this invention may be applied 
to accelerate charged, particles of any polarity. 
Thus, since various i modifications - and eXten 

sions of the principles of the present invention 
will now become apparent to those skilled in the 
art, it is preferred that this invention be limited 
not by the specific embodiments herein illus 
trated and described but by the Spirit and Scope 
of the appended claims. 

claim: 
:1. Aparticle accelerator comprising a particle 

gun for generating a particle beam, a helical wave 
guide, means for directing Said particle beam 
axially of said helical wave guide, means for 
coupling high frequency wave energy into said 
helical Wave guide, said helical Wave-guide hav 
ing a pith providing an axial Velocity of the 
traveling wave therein at Successive coupling 
points slightly greater than the velocity of the 
electron beam at corresponding coupling posi 
tions; along the beam path due to the axial 
velocity of the beam particles and being of pro 
gressively increasing pitch in the direction of 
particle movement in said beam. 

2. An electron accelerator comprising, within 
an evacuated envelope, an electron gun for gener 
ating an electron bean, means for guiding said 
beam axially of said envelope, a helically formed 
conductive member Surrounding the path of Said 
electron beam, said member having a pitch to 
provide an axial velocity of the traveling wave 
from one point in the wave guide to a corre 
sponding point in the next adjacent convolution 
of the wave guide Which is Slightly greater than 
the Velocity of the selectrons.from a point in the 
beam path adjacent to the first mentioned point 
of the Waveguide to a position in the electron 
path adjacent to the secondmentioned point in 
the wave guide and having a progressively in 
creasing pitch over a predetermined axial portion 
thereof, and means for introducing high fre 
quency-energy in the region of said conductive 
strip. 

3. An electron accelerator comprising, within 
an evacuated envelope, an electron gun for gen 
erating an electron beam, said electron beam 
being directed axially of said envelope, a cylin 
drical hollow conductor co-axial With said ten 
velope, a conductive strip helically formed in 
edgewise. contacting relation With the inner Sur 
face of said cylinder, the radial dimension of 
said strip being less than the inner radius of 
said cylinder, whereby said cylinder and strip 
define a helical wave-guide progressing axially 
of said envelope and having an open inner wall, 
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the path of travel of said electron" beam being 
axial through said helical wave guide Whereby 
an electromagnetic wave flowing . Within Said 
guide is adapted for energy interchange With 
said electron beam, means for precluding wave 
reflections at the terminations of said helical 
wave guide, said helical strip being formed with 
a gradually increasing pitch, the pitch at suc 
cessive points providing an axial component of 
the electronagnetic Wave Which is greater than 
the axial Velocity of the adjacent electron beam 
in the direction of electron travel, and means for 
energizing Said helical Wave guide with high 
frequency energy. 

4. An electron accelerator comprising, within 
an evacuated envelope, an electron gun for gen 
erating an electron beam, said electron beam 
being directed axially of said envelope, a cylin 
drical hollow conductor co-axial With said enve 
lope, a conductive strip helically formed in edge 
Wise contacting relation. With the inner surface 
Of Said cylinder, the radial dimension of said 
strip being less than the inner radius of said 
cylinder, whereby said cylinder and strip define 
a helical wave guide progressing axially of said 
envelope and having an open inner wall, the 
path of travel of said electron beam being axial 
through said helical wave guide whereby an elec 
tromagnetic Wave flowing within said guide is 
adapted for energy, interchange with said elec 
tron beam, means for precluding wave reflec 
tions at the terminations of said helical wave 
guide, said helical strip being formed with a 
gradually increasing pitch, the pitch at suc 
cessive points providing an axial component of 
the electromagnetic wave which is greater than 
the axial Velocity of the adjacent electron beam 
in the direction of electron travel, and means 
for energizing said helical waveguide with high 
frequency energy, said last mentioned means 
comprising a high frequency beam traveling wave 
OScillator Operative from said electron beam and 
disposed axially between said, electron gun and 
Said helical wave guide. 

5. An electron accelerator comprising, within 
an evacuated envelope, an electron gun for gen 
erating an electron beam, said electron beam 
being directed axially of said envelope, a cylin 
drical hollow conductor co-axial with said en 
velope, a conductive strip helically formed in 
edgewise contacting relation with the inner-sur 
face of Said cylinder, the radial dimension of 
Said strip being less than the inner radius of 
Said cylinder, whereby said cylinder and strip 
define a helical wave guide progressing axially 
of Said envelope and having: an open inner wall, 
the path of travel of said electron beam being 
axial through said helical wave guide whereby 
an electromagnetic Wave flowing within said 
guide is adapted for energy interchange with 
Said electron bean, means for precluding wave 
reflections at the terminations of said helical 
Wave guide, Said helical strip being formed with 
a gradually increasing pitch, the pitch at suc 
cessive points providing an axial component of 
the electromagnetic wave which is greater than 
the axial velocity of the adjacent electron beam 
in the direction of electron travel, and means for 
energizing Said helical wave guide with high 
frequency energy, said last mentioned means 
comprising a high frequency beam traveling 
Wave OScillator operative from said electron beam 
and disposed axially between said electron gun 
and Said helical wave guide, wave coupling means 
extending between said oscillator and said heli 
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cal wave guide, and means between said Oscillator 
and helical wave guide for intercepting a por 
tion of said electron beam. 

6. In an electrical discharge device, an electron 
emitter for generating a stream of electrons 
along an axial path of said discharge device, an 
accelerator for accelerating the electron Stream, 
a collector electrode for receiving said electron 
stream, a first helical conductor encircling a 
first portion of said electron stream path, Said 
conductor comprising a helical wave guide of 
thin highly conductive material, the helix being of 
a substantially uniform pitch and progressing axi 
ally of the electron path and in coupling rela 
tion therewith for effecting transfer of energy 
between an electron stream in said path and an 
electromagnetic travelling wave progressing axir 
ally within said helical guide, the pitch of Said 
wave guide and the acceleration given the elec 
trons in the electron stream providing an aver 
age velocity of the electrons in the electron path 
somewhat greater than the axial component of 
velocity of the electromagnetic traveling wave 
passing through the helical wave guide, the elec 
tron beam in said path exciting said Wave guide 
to oscillate at a frequency which is determined 
by the physical configuration of the wave guide 
structure and the average electron beam velocity, 
a conductive strip terminating said wave guide 
and encircling said electron stream path and 
having an opening at its center which is of a 
smaller diameter than the diameter of Said elec 
tron stream for intercepting a portion of said 
electron stream, an electrical connection from 
said wave guide to said accelerator for return 
ing the intercepted electrons to said electron 
source, a second helical conductor axially juxta 
posed with the first helical conductor and en 
circling a second portion of said electron stream 
path and comprising a helical wave guide of 
thin highly conductive material and progressing 
axially of said stream and in a coupling relation 
therewith and extending from the terminating 
strip of said first helical wave guide and toward 
the opposite end of said discharge device, the 
pitch of said wave guide being substantially equal 
to the pitch of the first helical wave guide and 
progressively increasing in pitch as it progresses 
toward the opposite end of said wave guide, a 
coupling element between said first and second 
wave guides for coupling Said Wave guides to 
each other to transfer the high frequency energy 
generated in said first wave guide to said second 
wave guide, the pitch of said second Wave guide 
at its abutting position with said first wave 
guide and the speed of the electrons of reduced 
speed due to the transfer of energy from said 
electron stream to said first wave guide being 
such that the axial component of velocity of the 
traveling wave in said second wave guide is in 
substantial synchronism with the Speed of the 
electrons in the path encircled by said second 
wave guide at the junction with said first wave 
guide, and the electron stream being accelerated 
by the axially accelerating Wave traveling in said 
second wave guide to remain in Synchronism 
With the axial progression of the traveling elec 
tromagnetic wave in said second wave guide, and 
a solenoid coil co-axial With Said tube and se 
cured thereto and extending axially from said 
accelerator electrode to said collector electrode 
and being energizable for sharply defining the 
axial beam. 

7. In an electrical discharge device, an elec 
tron emitter for generating a stream of elec 
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4. 
trons along an axial path of said discharge de 
vice, an accelerator for accelerating the electron 
stream, a collector electrode for receiving said 
electron stream, a first helical conductor en 
circling a first portion of Said electron Stream 
path, Said conductor comprising a helical Wave 
guide of thin highly conductive material, the 
helix being of a substantially uniform pitch and 
progressing axially of the electron path and in 
coupling relation therewith for effecting transfer 
of energy between an electron stream in said 
path and an electromagnetic traveling wave pro 
gressing axially within said helical guide, the 
pitch of said wave guide and the acceleration 
given the electrons in the electron stream pro 
viding an average velocity of the electrons in 
the electron path somewhat greater than the 
axial component of velocity of the electromag 
netic traveling wave passing through the helical 
Wave guide, the electron beam in Said path ex 
citing said wave guide to oscillate at a frequency 
which is determined by the physical configural 
tion of the wave guide structure and the aver 
age electron beam velocity, a conductive strip 
terminating said wave guide and encircling said 
electron stream path and having an opening at 
its center which is of a smaller diameter than 
the diameter of said electron stream for inter 
cepting a portion of said electron stream, an 
electrical connection from said wave guide to 
Said accelerator for returning the intercepted 
electrons to said electron source, a second heli 
cal conductor axially juxtaposed with the first 
helical conductor and encircling a second por 
tion of Said electron stream path and compris 
ing a helical wave guide of thin highly conductive 
material and progressing axially of said stream 
and in a coupling relation therewith and ex 
tending from the terminating strip of said first 
helical Wave guide and toward the opposite end 
of Said discharge device, the pitch of said wave 
guide being Substantially equal to the pitch of 
the first helical wave guide and progressively in 
Creasing in pitch as it progresses toward the 
opposite end of said wave guide, a coupling ele 
ment between said first and second wave guides 
for coupling said wave guides to each other to 
transfer the high frequency energy generated 
in said first wave guide to said second wave 
guide, the pitch of said second wave guide at its 
abutting position with said first wave guide and 
the Speed of the electrons of reduced speed due 
to the transfer of energy from said electron 
stream to said first wave guide being such that 
the axial component of velocity of the traveling 
Wave in said second wave guide is in substantial 
Synchronism with the speed of the electrons in 
the path encircled by said second wave guide 
at the junction with said first wave guide, and 
the electron stream being accelerated by the axi 
ally accelerating wave traveling in said second 
Wave guide to remain in synchronism with the 
axial progression of the traveling electromag 
netic Wave in said second wave guide. 

8. In an electrical discharge device, an elec 
tron emitter for generating a stream of elec 
trons along an axial path of said discharge de 
Vice, an accelerator for accelerating the electron 
stream, a collector electrode for receiving said 
electron stream, a first helical conductor en 
circling Said electron stream path and in cou 
pling relation therewith, the helix being of a 
Substantially uniform pitch and progressing axi 
ally of the electron path and in coupling rela 
tion therewith for effecting transfer of energy . 
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between an electron stream in saidpath and an 
electromagnetic travelling , wave progressing 
axially within said helical guide, the pitch of said 
wave, guide and the acceleration given the elec 
trons in the electron stream providing an aver 
age Velocity of the electrons in the electron path 
Somewhat greater than the axial component of 
Velocity of the electromagnetic travelling wave 
passing through the helical wave guide, the elec 
tron beam in said path exciting said wave guide 
to . OScillate at a frequency which is determined 
by the physical configuration of the wave guide 
structure and the average electron beam ve 
locity, a Second helical conductor in axial rela 
ition with the first conductor and encircling said 
electron stream path and progressing axially of 
Said stream and in a coupling relation therewith 
and extending from the terminating strip of said 
first...helical wave guide and toward the opposite 
end of Said discharge device, the helical pitch 
of Said. Second Wave guide gradually increasing 
as it progresses toward said opposite end of said 
discharge device, the pitch of said wave guide be 
ing Substantially equal to the pitch, of the first 
helical Wave guide and progressively increasing 
in pitch as it progresses toward the opposite end 
of said wave guide and a coupling element for 
coupling Said, first and Second wave guides to 
transfer the high frequency energy generated in 
Said first wave guide to said second wave guide, 
the pitch of said second wave guide at its abut 
ting position with said first wave guide and the 
speed of the electrons of reduced Speed due to 
the transfer of energy from said electron stream 
to said first wave guide being Such that the axial 
component of velocity of the travelling Wave in 
said second wave guide is in Substantial Syn 
chronism. With the Speed of the electrons in the 
path encircled by said second wave guide at the 
junction with Said first wave guide, and the elec 
tron stream being accelerated by the wave travel 
ling in said: Second Wave guide to remain in Syn 
chronism with the axial progression of the 
travelling electromagnetic wave in said second 
wave guide. 

9. In an electrical discharge device, an elec 
tron emitter for generating a stream of electrons 
along an axial path of said discharge device. an 
accelerator for accelerating the electron stream, 

... a collector electrode for receiving said electron 
stream, and a helical conductor encircling said 
electron stream path and of thin highly conduc. 
tive material and progressing axially of said 
stream and in a coupling relation. With said elec 
tron path, the helical pitch of said conductor 
:gradually increasing as it progresses along said 
axial path toward said collector electrode and 
the speed of the electrons in said electron stream 
and the pitch of said conductor at the electron 
emitting end being such that the axial com 
ponent of velocity of the travelling wave in said 
conductor is greater than the axial velocity of 
the electrons at the corresponding position, and 
the electron stream being accelerated by the wave 
travelling in said conductor to remain in syn 
chronism with the axial progression of the travel 
ling electromagnetic wave in Said conductor. 

10. In an electrical discharge device, an elec 
tron emitter for generating a stream of electrons 
along an axial path of said discharge device, an 
accelerator for accelerating the electron stream, 
a collector electrode for receiving said, electron 
stream, and a helical conductor encircling said 
electron stream path, and comprising a helical 
waveguide of thin highly conductive material 
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and progressing axially of Said stream and in a 
coupling relation with said electron path, the 
helical pitch of said wave guide gradually in 
creasing as it progresses along said axial path 
toward said collector electrode, the speed of the 
electrons in said electron strean and the pitch 
of said Wave guide at the electron emitting end 
being. Such that the axial component of Velocity 
of the travelling Wave in said Wave guide is 
greater than the axial Velocity of the electrons 
at the corresponding position, and the electron 
stream being accelerated by the wave travelling 
in said wave guide to remain in Synchronism with 
the axial progression of the travelling electro 
nagnetic Wave in Said Wave guide. 

11. In an electrical discharge device, an elec 
tron emitter for generating a stream of electrons 
along an axial path of said discharge device, an 
accelerator for accelerating the electron stream, 
a collector electrode for receiving said electron 
stream, and a helical conductor encircling said 
electron stream path and comprising a helical 
wave guide of thin highly conductive material 
and progressing axially of said stream and in a 
coupling relation with said electron path, the 
helical pitch of Said Wave guide gradually in 
creasing as it progreSSes along said axial path 
toward said collector electrode, the Speed of the 
electrons in said electron stream and the pitch 
of said wave guide at the electron emitting end 
being such that the axial component of velocity 
of the travelling Wave in said wave guide is greater 
than the axial Velocity of the electrons at the 
corresponding position, and the electron stream 
being accelerated by the Wave traveling in said 
wave guide to remain in Synchronism with the 
axial progreSSion of the travelling electromag 
netic Wave in Said Wave guide, and a solenoid coil 
Co-axial With said tube and secured thereto and 
extending axially from said accelerator electrode 
to Said Collector electrode and being energizable 
for sharply defining the axial beam. 

12. In an electrical discharge device, an elec 
tron emitter for generating a stream of electrons 
along an axial path of Said discharge device, a 
Collector electrode for receiving said electron 
Stream, and a helical conductor encircling said 
electron stream path and comprising a helical 
Wave guide of thin highly conductive material 
and progressing axially of said stream and in a 
coupling relation with said electron path, the 
helical pitch of Said conductor gradually increas 
ing as it progresses along said axial path toward 
Said collector electrode, the speed of the electrons 
in said electron stream and the pitch of said 
conductor at the electron emitting end being 
Such that the axial component of velocity of the 
traveling Wave in said conductor is greater than 
the axial velocity of the electrons at the corre 
Sponding position, and the electron stream 'being 
accelerated by the wave traveling in said con 
ductor to remain in Synchronism with the axial 
progression of the traveling electro-magnetic 
Wave in said conductor. 

13. In an electrical discharge device, an elec 
tron emitter for generating a Stream of electrons, 
a. helical Wave conductor adjacent said stream 
and in coupling relation thereto, said helical con 
ductor having an increasing pitch in the direction 
in which said electrons move for acting on said 
electron Stream to increase the electron Velocity 
in accordance with the increasing pitch of said 
conductor, and the pitch of the wave Conductor 
at any point being such that the axial Velocity 
of the electromagnetic wave is greater than the 
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velocity of the electrons at the corresponding 
position, 

JOHN W. TILEY. 
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