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This invention relates in general to the elec 
tron tube art, and more particularly to a novel 
electromagnetic traveling wave signal mixer or 
converter having special application in high fre 
quency and broad band electrical Systems. 
The present application shows an improvement 

of my co-pending patent application Serial No. 
761798, now Patent No. 2,541,843, filed July 18, 
1947, and reference is made thereto. For further 
information, reference is also made to a previous 
ly filed continuation-in-part of the aforesaid ap 
plication, Serial No. 761,798, namely my co-pend 
ing application Serial No. 788,724 filed November 
28, 1947. 

In order to facilitate understanding of the 
principles of the present invention, there follows 
a brief discussion of the general considerations 
involved in traveling Wave electron tubes, which 
have been treated in detail in the co-pending 
patent applications enumerated above. This 
material is believed to provide ample back 
ground and information concerning the differ 
ences between traveling wave tubes and those 
tubes more common in prior art Systems. 

In electrical systems such as television, pulse 
position modulation and radar, it has often been 
extremely difficult to obtain adequate and uni 
form amplification and efficient signal mixing 
and conversion over the frequency spectrum en 
compassed by the signal, 
when incorporated in Special circuits, fail to pro 
vide 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 limita 
tions of the more conventional tube types, and 
has previously been Successfully tested as an 
efficient amplifier of Signals having a mean fre 
quency 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 With 
out 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 
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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 nar 
row 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 col 
lector 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 
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 aver 
age 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 all 
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 fluctuations 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. 
The present invention has as a primary object 

the provision of an electromagnetic traveling 
wave tube of novel and improved design, having 
wide application as a broad-band, high fre 
quency mixer or high frequency converter. The 
electromagnetic traveling Wave tube disclosed 
herein differs from prior art mixer and converter 
tubes in that means such as Wave guides are 
utilized for directing signals around the path of 
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an electron beam for accomplishing the mixing 
operation. These guides, as disclosed in the 
above identified patent applications, permiti di 
rect coupling of the electromagnetic fields 
therein and the tube electron beam and preciude 
excessive energy radiation and undesirable 
coupling with external fields. 
In the aforementioned patent application 

Serial No. 761,798, it was demonstrated that 
signal amplification could be obtained in an elec 
tromagnetic traveling wave tube by causing an 
electron beam to traverse the axis of first and 
second, or input and output helical wave guide 
sections of predetermined 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 wave guide Section and 
to deliver energy thereto to provide the ampli 
fied 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 elec 
tron tubes are capable of either amplifier or OS 
cillator operation; the latter being accomplished 
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by coupling a predetermined portion of the out- . 
put signal in the correct phase to the input wave 
guide. . . . . 

In accordance with the principles of the 
present invention, means are provided for Sub 
stantially simultaneously velocity modulating an 
electron beam by more than one traveling wave 
so that frequency conversion and frequency 
mixing is obtainable. In one form of this in 
vention two input helical wave guides are co 
axially arranged and interwound so that the 
electromagnetic wave energy transmitted 
through these guides may Substantially simul 
taneously coact upon an axial electron bearm. 
The Simultaneous action of two signals upon a 
single electron beam may be considered effec 
tive as two simultaneous bunching operations, 
and aS, a result; thereof the density modulated 
-electron beam contains components of the sum 
and difference frequencies. A suitable ottput 
wave guide is provided for extracting energy 
from the bunched electron beam at either of 
these two frequencies, as desired. 

It is therefore an object of the present in 
vention to provide a beam traveling wave elec 
trol tube for Signal mixing or conversion which 
permits the simultaneous interaction of a plu 
rality of electromagnetic signals and an elec 
tron beam. 
Another object of the present invention is to 

provide an electron tube having a plurality of 
interWound co-axial helical wave guide struc 
tures. 
A Still further object of the present invention 

is to provide a beam traveling wave electron 
tube, particularly adaptable for frequency mix 
ing Or conversion which permits maximum in 
teraction between electrons in a beam and traw 
eling waWe high frequency energy. 
Another object of the present invention is to 

provide a traveling wave type frequency mixer 
- adapted to produce a sum or difference fre 
quency signal from two electromagnetic Waves 
of different frequencies. 
A still further object of the present invention 

is to provide a tube structure having a plurality 
of helical Wave guides arranged for optimum in 
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teraction and energy transfer with an electron 
earli. 
These and other objects of the present in Ven 

tion will now become apparent from the follow 
ing detailed Specification when taken in connec 
tion with the accompanying drawing which is a 
general side view partially in section, of a heli 
cal Wave guide frequency mixer or con Verter. 
With reference now to the drawing there is ill 

lustrated an electron tube incorporating the 
ºfeature of the present invention and compris 
ing, generally, a large diameter glass or other 
dielectric cylinder 2 having tapered ends 22 and 
23. The cylinder 2 is sealed off and evacuated. 
Sealed into the end 22 of the electron tube is an 
electron gUin 2 Similar to those utilized in con 
ventional cathode ray tube structures. As 
shown the eiectron gun 28 comprises a heater 29 
and itS aSSOciated cathode 39, a centrally per 
forated control grid 24; and focusing and accel 
-erating hollow cylindrical electrodes 25 and 26, 
respectively. When the electrodes coinprising 
the electron gun 25 are energized from a suitable 
power source (not shown) an axial beain of elec 
trons of predetermined high velocity is generated 
and directed along the axis 28 of cylinder 2 
toward a disc shaped collector electrode 2 
Sealed into the right-hand end of the tube as 
Viewed in the drawing. 

Structural means required for supporting the 
electron gun electrodes have been omitted for 
clarity. 
As the electron gun of the type included with 

in the structure of the tube in the drawing is 
5 Sufficiently well known in the electronic art, a 

further description thereof and of the energiz 
ing 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 the tube 2 is substan 
tially enclosed within a plurality of axially 
aligned helical wave guide structures. As illus 
trated in the drawing, two helical wave guide 
Structures 3; and 32, herein designated as the 
input Wave guides, are interwound and co-axially 
Supported within the left-hand end of the tube. 
A third co-axial helical wave guide 33, herein 
designated as the output heiical wave guide, is 
positioned between the interwound input helica 
wave guides 3d and 32 and collector anode 27. 
The precise means for supporting helical wave 

guides 31, 32 and 33 in the physical relationship 
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illustrated in the drawing has been omitted for 
purposes of simplification. It will be U!aderstoUd, 
however, that conventional supporting means as 
used in numerous electron tubes may herein be 
Correspondingly employed to secure all elec 
trodes in the desired relationship. 
With the exception of differences in dimensions, 

the three helical wave guides 31, 32 and 33, here 
in illustrated, are of similar construction. These 
Wave guides are preferably formed of coils of 
unitary U-shaped metallic channels comprising, 
for example (reference being made to wave guide 
32) metallic side walls 35 and 36 rigidly spaced by 
integral outer metallic strip 37. As illustrated, 
each of the open faces of the U-shaped channels 
constituting the wave guides 31, 32 and 33 is 
formed to define a cylinder. The cylinders de 
fined by the inner edges of wave guides 3, and 
32 are coincident and co-axial with the cylinder 
defined by the inner edges of output wave guide 
33. The differences in pitch of the helical wave 
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guides illustrated will be considered in detail be-, 
low. 
In Order to preclude signal reflections and stand 

ing waves within the helical wave guides 3f, 32 and 
33 a dissipative block (not shown) preferably of 
helical form, is secured within each of the wave 
guide Sections. These blocks are preferably uni 
formly tapered and constituted of a material car 
pable of effectively dissipating micro-wave energy. 
The structure and function of helical dissipative 
blocks of this general form have been described 
in considerable detail in the aforementioned pat 
ent applications and for this reason are not con 
Sidered in greater detail herein. 

Electromagnetic Wave energy at the desired fre 
quency may be introduced into the helical wave 
guides 3 and 32 through co-axial lines 4 and 42, 
respectively. As illustrated in the drawing, the 
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outer conductor of each of co-axial lines 4 and 
42 extends through the dielectric cylinder 2 and 
enters its respective helical Wave guide through 
the outer helical metallic strip thereof. Coupling 
loops. 43 and 44 formed of the co-axial line inner 
conductors provide ample signal coupling to the 
regions within the helical wave guides. In a cor 
responding manner, a co-axial cable 46 is utilized 
to extract signal energy from the output helical 
wave guide 33. As illustrated in the drawing, the 
outer conductor of co-axial cable 46 extends 
through the dielectric cylinder 2 and in through 
the outer edge of wave guide 33. A small loop 
47. formed in the inner conductor serves as the 
signal coupling between the co-axial cable 46 
and the Wave guide 33. 
The outer surface of the dielectric cylinder 2 

between coupling co-axial cables 42 and 46 is sub 
stantially enclosed within a cylindrical coil form 
upon which a uniform solenoid type coil 52 is 
Wound. When coil 52 is energized from a direct 
current source (not shown) a magnetic field is 
established having a large component parallel to 
the electron beam axis which is directed from 
the electron gun 28 to the collector anode 27. 
This magnetic field minimizes de-focusing of the 
electron beam in its comparatively long axial 
transit through the cylinder 2. In the discus 
sion below of the operation of this tube, it will 
be understood that the Solenoid coil 52 is en 
ergized and thereby maintaining the aforemen 
tioned axially magnetic field. 

Broadly speaking, and prior to entering upon 
a discussion of the particular dimensions of the 
wave guide components illustrated, mixer opera 
tion of the electron tube shown in the drawing 
is as follows. Microwave energy at the two fre 
quencies to be mixed is applied through co-axial 
cables 4 and 42 to energize helical wave guides 
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3 and 32 respectively which together comprise 
the input section of the electron tube. These in 
put signals travel down the helical waveguides 3 60 
and 32 in the direction of floW Of electrons in 
beam toward electrode 27. The actual axial 
velocity of each of the traveling waves is a frac 
tion of the propagation velocity through these 
wave guides due to the helical path traversed. The 
aforementioned dissipative blocks secured within 
the ends of all Wave guide Sections ensure the 
absence of traveling waves in a direction other 
than the axial direction of electron flow. 

Between any two opposed points, such as M. 
and N of the open sided helical wave guide 3 
and points P and Q of wave guide 32 electric fields 
are established which have components within 
the tube parallel to the axis 28 of electron flow. 
These electric field components may be visualized 
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as spirining about the axis of the tube at some 
what less than the velocity of light as the waves 
travel from left to right as viewed in the draw 
ing. The electron beam, in traversing the input 
Section of the tube comprising wave guides 3 
and 32, is bunched in accordance with the in 
tensity variation of both applied Signals. This 
bunching operation is, in effect, density modula 
tion of electron beam, which modulation includes 
components equalin frequency to the Sum and dif 
ference of the applied signal in addition to fre 
quency components equal to those of the applied 
Signals. Thus the electron beam emerges from 
the space between the input section comprising 
helical wave guides 3d and 32 and the output 
helical wave guide as a comparatively high en 
ergy bunched beam. Upon entering the region 
of the electron tube spanned by the output heli 
cal Wave guide 33 the bunched electron beam is 
retarded somewhat and thereby delivers energy 
to the wave guide 33 by excitation of a travel 
ing wave therein which progresses at a Speed 
approaching the speed of light toward the out 
put coupling loop 4 of co-axial cable 46. 
The frequency of the output signal induced in 

wave guide 33 and delivered at co-axial cable 46 
may be selected simply by arranging the dimen 
sions of wave guide 33 for suitable response to 
the desired signal frequency, a component of 
which appears in the bunched beam. In the 
drawing, the output wave guide 33 is illustrated 
as one responsive to a frequency equal to the 
sum of the signal frequencies applied at co-axial 
cables 4 and 42. 
In accordance with the principles described in 

the aforementioned parent patent application 
(but not shown herein) the pitch of the output 
helical Wave guide 33 may be progressively di 
minished as it approaches elector electrode 27. 
In this nanner maximum energy may be ex 
tracted from the bunched electron beam and de 
livered over co-axial cable 46 to a suitable load 
circuit (not ShoWn). 
The helical Wave guides 3 and 32 of the tube 

5 input section are proportioned to paSS the fre 
quencies applied at co-axial cables 4 and 42. It 
will be noted that the physical dimensions of 
wave guide 32 are Smaller than the correspond 
ing dimensions for wave guide 3, indicating that 
the frequency of operation of guide 32 is higher 
than that of guide 3. Since output helical Wave 
guide 33 is herein designed for the purpose of 
extracting a sum frequency, its dimensions are 
correspondingly Smaller than those of helical 
Wave guides 3 and 32. 

It is preferable that the two input wave guides 
3 and 32 be arranged to provide for slightly 
different axial velocities of the electromagnetic 
wave traveling therethrough. The drawing ill 
lustrates one manner in which this particular 
relationship between axial components of the 
traveling wave may be established. Thus, wave 
guides 3 and 32 are proportioned to give the 
same velocity propagation as measured helically 
around each guide, but the pitch of helical wave 
guide 32 is somewhat greater than the pitch of 
guide 3. Thus, note that there are six active 
turns of helical wave guide 32 to the right of co 
axial coupler 42 for seven active turns of helical 
Wave guide 3 measured to the right of co-axial 
cable 4. Since the Space occupied by these active 
turns of helical wave guides 3 and 32 is sub 
Stantially the same and further, since as above 
mentioned, the velocity of propagation as meas 
ured around the helices is equal for both, then 
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said envelope for generating an electron beam of 
predetermined average electron velocity, a col 
lector electrode positioned within the opposed end 
of said envelope, means for directing said gener 
ated electron beam axially through said envelope. 
and impinging said beam upon said collector 
electrode, means disposed adjacent said electron 
gun for velocity modulating said electron beam 
simultaneously in accordance with at least two 
signals and comprising a pair of interwound heli-; 
cal wave guides, said wave guides each compris 
ing channel shaped conductors of substantially 
rectangular cross-section, the open ends of each 
of said channel shaped conductors defining a 
cylindrical surface co-axial with said electron 15 
beam, means for introducing microwave energy 
at predetermined frequencies to said interwound 
helical wave guides for establishing traveling 
waves therein, said interwound helical wave 
guides permitting the interaction of microwave: 
energy flowing therein and said electron beam, 
means disposed between said interwound helical 
wave guides and said collector electrode adapted 
to extract energy from an electron beam velocity 
modulated by energy flow in said interwound 2 
helical wave guides comprising a third helical 
wave guide co-axial With said interwound Wave 
guides and formed substantially as each of said 
interwound wave guides, said third helical wave 
guide being adapted to propagate microwaves 
energy at a frequency equal to the sum or differ 
ence of said predetermined frequencies. 

3. A beam traveling wave electron tube com 
prising in combination within an evacuated en 
velope, an electron gun disposed at one end of 35 
Said envelope for generating an electron beam 
of predetermined average electron velocity, a col 
lector electrode positioned within the opposed 
end of Said envelope, means for directing said 
generated electron beam axially through said en 
velope and impinging said beam upon said col 
lector electrode, means disposed adjacent said 
electron gun for velocity modulating said elec 
tron beam simultaneously in accordance with at 
least two signals and comprising a pair of inter 
wound helical wave guides, said wave guides each 
comprising channel shaped conductors of sub 
stantially rectangular cross-section, the open ends 
of each of said channel shaped conductors de 
fining a cylindrical Surface co-axial With said:50 
electron beam, means for introducing microwave 
energy at predetermined frequencies to said in 
terwound helical wave guides for establishing 
traveling waves therein, said interwound helical 
Wave guides permitting the interaction of micro 
Wave energy flowing therein and said electron 
bean, means disposed between said interwound 
helical wave guides and said collector electrode 
adapted to extract energy from an electron beam 
density modulated by energy flow in said inter 
wound helical wave guides comprising a third 
helical wave guide, co-axial with said interwound 
Wave guides and formed substantially as each of 
Said interwound wave guides, said third helical 
Wave guides being adapted to propagate micro 
Wave energy at a frequency equal to the sum or 
difference of said predetermined frequencies, the 
pitches of Said interwound helical wave guides 
being different, the number of turns for a given 
length of Said third helical wave guide being 

5 

10 

230 

40 

45 

10 
of said envelope, an electron collector positioned 
within the opposite end of said envelope, a first 
wave guide of a predetermined pitch surrounding 
a portion of the axial path from said source to 
said collector, means for exciting said first wave 
guide by an input signal of a predetermined fre 
quency, a second wave guide of a predetermined 
pitch surrounding a portion of the axial path 
from said source to said collector, means for excit 
ing said second wave guide by an input signal of 
a predetermined frequency, and a third wave 
guide of a predetermined pitch surrounding a 
portion of the axial path from said Source to 
said collector, said third wave guide being axially 
displaced from said first and second waveguides, 
and means for extracting signal energy:from said 
third wave guide in accordance, with said input 
Signals. . . ,, ?? ?...” ?? ? ?? 

5: A beam traveling wave electron tube com 
prising in combination within an evacuated en 
velope, a source of electrons disposed at-one end 
of said envelope, an electron collector positioned 
Within the opposite end of Said envelope, a first 
wave guide of a predetermined pitch Surround 
ing a portion of the axial path from said Source 
to said collector, means for exciting said, first 
wave guide by an input signal of a predetermined 
frequency a second wave guide of a pitch differ 
ent than the pitch of said first wave guide, and 
a third wave guide means for exciting said sec 
ond wave guide by an input signal of a prede 
termined frequency, of a predetermined pitch 
surrounding a portion of the axial path from 
said source to said collector, said third wave 
guide being axially displaced from said first and 
second wave guides, and means for: extracting 
signal energy from said third waveguide inac 
cordance with Said input signals. . . . . . . . . . . 

6. A beam traveling wave electron tube.com 
prising in combination within an evacuated en 
velope, a source of electrons disposed at-one end 
of Said envelope, an electron collector positioned 
within the opposite end of said envelope, a first 
Wave guide of a predetermined pitch surrounding 
a portion of the axial path from said source to 
said collector, a second wave guide of a pitch 
different than the pitch of said first wave guide, 
and a third wave guide of a predetermined pitch 
surrounding a portion of the axial path from said 
source to said collector, said third wave guide 
being axially displaced from said first and sec 
ond wave guides, the portion of the wave guide 
adjacent the axial path of said electron beam 
being open to provide coupling between the elec 
tromagnetic energy in said wave guides and said 
electron beam. : 

7. A beam traveling wave electron tube com 
prising in combination within an evacuated en 
velope, a source of electrons disposed at one end 

360 of said envelope, an electron collector positioned 
within the opposite end of said envelope, a first 
wave guide of a predetermined, pitch surround 
ing a portion of the axial path from said source 
to said collector, a second wave guide of a pre 

65 determined pitch surrounding a portion of the 
axial path from said source to said collector, and 
a third wave guide of a predetermined pitch 
surrounding a portion of the axial path from 
said source to said collector, said third Wave 

equal to the sum or difference of the number of 70 guide being axially displaced from said first and 
turns of said two interwound wave guides for the 
Same length. 

4. A beam traveling wave electron tube com 
prising in combination within an evacuated en 
velope, a Source of electrons disposed at one end 

second wave guides, the portion of the wave guide 
adjacent the axial path of said electron beam 
being open to provide coupling between the elec 
tromagnetic energy in said wave guides and said 

is electron beam, 
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8. A beam traveling.wave...electron. tube.com 
prising in combination within an evacuated en 
velope, a source of electrons disposed at one end 
of said envelope, an electron collector positioned 
within the opposite end of said envelope, a first. 
waveguide of a predetermined pitch surround 
ingaportion of the axial path from said Source 
to said collector, a second wave guide of a pre 
termined pitch surrounding a portion of the 

xial path from said source to said collector, and 
a third wave guide of a predetermined pitch 
surrounding a portion of the axial path from 
said source to said collector, said third wave 
guide being axially displaced from said first and 
secondwave guides, the portion of the wave guide, 
adjacent the axial path of said electron beam 
being operto provide coupling between the elec 
tromagnetic energy in said wave guides and said 

-el?ctr beam, and an electromagnetic winding 
in tube having a cathode for gen 

tlectronbeam along an axial path of 
collector-electrode for said electron 

ürality” of 'input" interwoüinidir cÖaxial 
guides mounted in one end, 

??xial helical wäv? guide 
tübe“ between’said interwoünd 

dés and collector electrode, the section of said waveguides being U-shaped, 
Sr which constitutes said"axial" electron 

ath, çöupling më?ns for introducing elec 
-?rgy atthie desirêd frêquen ?? - ?"" ? 

cles into each of said plurality of input wave 
ides, said wave energy - 
vë gides in thë direct of’s?id ?lectron 

''beám för'establishing electric fields within said 
tube parallel to the axis of the electric field for 
dens?ty'modulating thë eleçtrönbe?m in accord 
ance with the input signal intensities, said elec 
tronbeam whén entëring thé region of`said tube . 
sparined by said output helical wave guide being 
retarded and delivering energy to said wave guide 

* by excitation öf the travelling wave thierein and 
means for extracting signal energy from the out 
pit helical wave guide. " " ' " " 

"...O. An electron tube having a cathode forgen 
erating an electron beam along an axial path of 
said tube, a collector electrode for said electron 

"beam, a plurality of input interwound coaxial 
helical metallic wave guides mounted in one end 
of said tube, an output coaxial helical wave guide 
positioned în ?aid tube between said interwound 
input wave guides and collector electrode, each 
of said waveguides.comprising metallic side walls. 
spaced by an integral outer metallic strip and 
having an open face for defining a cylinder which 
constitutes said axial path for said electron beam, 

rintroducing, electromagnetic 
frequencies. each guides, saidwaye 

nce with the” 
aid electronbeam when enter 
ld tube spanned by said output 

tide being retarded and delivering 
yaveguide by excitation of the 

ind means for extracting 
ical wave guide. 
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sëm facë 6t said U-shapëdëhännels defining, 30 

0. 
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11. An electronbeam having a cathode forgen 

erating an electron beam along an axial path of 
said tube, a collector electrode for said, electron beam, a plurality of...input...interwound coaxial 

shelical metallic, waveguides mounted in. One end 
... of said tube, an output coaxial helical wave guide 
positioned in said tube, between Said interWound 
input, wave guides and collector-electrode, said 
wave guides having, openings, into Said electron 
beam path, coupling means for introducing elec 
tromagnetic wave, energy at the desired frequen 

scies into each of said, plurality of input wave 
guides, said wave, energy. travelling, along said 
waveguides in the direction of said electronbeam 
forestablishing said electric: fields within said 
tube parallel to the axis of the electric field, for 
density modulating the electronbeam in accord 
ance with the signal intensities, said electron 
beam when entering the region of said tube 
spanned by said output helical wave guide being 
retarded and delivering energy to said wave guide 
by excitation of the travelling wave therein and 

... means for extracting signal energy from the out 
put helical waveguide. . 

12. An electron tube having a cathede for gen 
erating an electron beam along an axial path of 
said tube, a collector electrode for said electron 
beam, a plurality. of input interwound coaxial 
helical metallic wave guides mounted in one end 
of said tube, an output coaxial helical waveguide 
positioned in said tube between said interwound 
input wave guides and collector, electrode, said 
waveguides having an open portion forming said 
electron beam path, coupling, means for intro 

avelling along said, as ducing electromagnetic Wave energy at the de 
sired frequencies into each of said plurality of 
input, waveguides,...said wave energy, travelling 
along, said wave. guides in the direction of said 
electronbeam forestablishing, said electric fields 
within said tube parallel to the axis, of the electric 
field for density modulating the electron beam in 
accordance with the signal intensities, said, elec 

...tron beam when entering the region of said tube 
spanned by said output helical wave guide being 
retarded and delivering energy to said waveguide 

4. by excitation of the travelling...wave therein and 
means for extracting signal energy from the out 
put helical wave guide. 
, 13. An electron, tube having a cathode for, gen 

eating an electron...beam along an axial path of 
said tube, a collector electrode for said electron 

...beam, a plurality of input, interwound coaxial 
helical metallic wave guides, mounted in...one end 
of Said tube, an output coaxial helical wave guide 
positioned in said tube, between said interwound 
input Wave, guides, and collector. electrode, cou 
pling means for introducing electromagnetic wave 
energy at the desired frequencies into each of said 
plaiiality of input wave guides, and means for 
extracting signai energy from the output helical 
výaýe guide. ... ?? . - SSS SSS AASASASA S SqqS SSJJAJAA AAA S S qq SAAAS S S 
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