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This invention relates in general to the elec-
tron tube art, and more particularly te 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.
761,798, 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-
1y 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 bheen
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-

guenecy 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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ah electron beam for accomplishing the mixing
operation. These guides, as disclosed in the
above identified patent applications, permit di-
rect coupling of the electromagnetic fields
therein and the tube electron beam and preclude
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 fraverse a
second or output helical 'wave guide section and
to .deliver energy thereto to prov1de 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 ¢ither amplifier or os-
cillator operation; the latter being accomplished

oS
s

)51

%0

by coupling a pledetermmed portlon of the out- .

put signal in the correct phase to ‘the input wave
gulde

In accordance with the pnn(nples of the
present invention, meansg are provided for sub-

stantially simultaneously velocity modulating an .

electron beam by more than one traveling wave
so  that frequency conversion and freguency
mixing is cobtainable. Inh 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 bheam.
The simultaneous action of two signals upon a
single electron ‘beam miay be considéered ‘effec-
tive -as two ‘simultanecus bunching operations,
and as "a result thereof the -density modulated
-electron beam containg -components -of tie ‘sum
and -difference frequencies. - A ‘suitable output
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 €lec-
tron 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 trav-
eling wave 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
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teraction and energy transfer with an electron
beani.

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 drawing which is a
general side view partially in section, of a heli-
cal wave guide frequency mixer or converter.

With reference now to the drawing there is il-
Tastrated an electron tube  incorporating the
Feature of the present invention and compris-

‘ing, generally, a large diameter glass or other

dielectric cylinder 24 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 gun 28 similar to those utilized in con-
ventiondl cathode ray tube  structurss. As
shown the electron gun 28 comprises a heater 28
and its associated cathode 30, a centrally per-
forated control grid 24 and focusing and accel-
-erating hollow cylindrical electrodes 23 and 26,
respectively. When the électrodes comprising
the electron gun 28 are energized from a suitable
power source (not shiown) an axial beam of elec-
trons of predeteriined high veloeity is.generated
and directed along the axis 28 of cylinder 21
toward a disc shaped collector electrode 27
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 Wlth—
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 w1th tﬁe broad prmciples of the
present invention the axial ‘path of travel.of the
electron beam ‘through ‘the tube :2{ is substan-
tially enclosed within ‘& 'plurality - of axially
aligned helical wave ‘guide Structures. Ag-illus-
trated ‘in the ‘draiwing, two ‘helical wave guide
structures -3 and @2, herein desighated -as the
input wave guides, are-interwound and co-axially
supported within the left-hand ‘end -of the tube.
A third -co-axial ‘hélical wave 'guide 83, herein
designiated ‘as ‘the output hetical wave guide, is
positioned between ‘the interwound ‘input helical
wave ‘guides 31 and 32 ‘and ‘collector ‘ancde 21.

The precise means for supporting helical wave

- guides 81, 82 ‘and 23 in the physical relaticnship
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is to provide a tube structure having .a plurality -

of helical wave guides arranged for optimum in-

(£

illustrated in the ‘drawing has been omitted for
purposes of ‘simplification. Tt wili be understoud,
however, that conventional supporting means as
used In numerots electron tubes may herein he
correspondingly ‘employed to secure all elec-
trodes in the desired relationship.

With the exception of differences in dimensions,
the three helical wave guides 31, 82 and 23, here-
in illustrated, are-of similar construction. These
wave .guides are preferably formed of coils of
unitary U-shaped metallic ¢hannels combrising,
for example (reference being made to wave guide
32) metallic side walls 35 and 88 rigidly spaced by
integral outer metallic strip 37. As Allustrated,
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 31 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 refiections and stand-
ing waves within thehelical wave guides 31, 32 and
33 g 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 ca-
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 31 and 32 through co-axial lines 41 and 42,
respectively.. As illustrated in the drawing, the

10

15

outer -conductor of each of ‘co-axial lines 41 and -

42 extends through the cielectric 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 21 and in through
the outer edge of wave guide 33. A small loop
41 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 ceil form
upon which a uniform solenoid type coil 52 is

20
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35

wound. When coil 52 is energized from a direct -

current source (not shown) a magnetic fleld is
established having a large component parallel to
the electron beam axis which is directeq from
the electron gun 208 to- the collector anode 21.
This magnetic field minimizes de-focusing of the
electron beam in its comparatively long axial
transit through the cylinder 21. In the discus-
sion below of the operation of this tube, it will
be understood that the solenoid coil 52 1is en-
ergized and thereby maintaining the aforemen-
tioned axially magnetic field. o
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 41 and 42 to energize helical wave guides

40
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31 and 32 respectively which together comprise

the input section of the electron tube. These in-
put signals travel down the helical wave guides 31

60

and 32 in the direction of flow of electrons in =

beam toward electrode 21. 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 3t
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

70
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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 31
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 equal in 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 31 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 47 of co-axial cable 48.

The frequency of the output signal induceq in
wave guide 33 and delivered at co-axial cable 46
may be selected simply by arranging the dimen-
sions of wave guide 38 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 fhe
sum of the signal frequencies applied at co-axial
cables 41 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 manner maximum energy may be ex-
tracted from the bunched electron beam and de-
Jivered over co-axial cable 4§ to a suitable load
eireuit (not shown). )

The helical wave guides 31 and 32 of the tube
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 correspend-
ing dimensions for wave guide 31, indicating that
the frequency of operation of guide 32 is higher
than that of guide 81. 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 31 and 32.

Tt 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 il-
lustrates one manner in which this particular
relationship between axial components of the
traveling wave may be established. Thus, wave
guides 31 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 31. 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 31 measured to the right of co-axial
cable 41. Since the space occupied by these active
turns of helical wave guides 31 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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it followsthéaxial veloéity ‘components ofithess:

waves=initboth ‘guidés aresomewhat: differen

Sinte--output: helical-“‘wave.:guide’ 33:iis “propor-:"
tioned-to transmit the sum of-thezfrequengies’ap="

plied forwave-guides:3i:and 32 it preferakly con-

tains a humber of-active-turns in'a given:length::
thereof equal:to the.sum:of-the active turns of

wave:guides 3 {-and-32:for the same: lengths’

By -arranging for-different :axial :velocities: of -

propagation-through helical wave guides:3{:and:

32-‘optimum-: operating: -efficiency - is -:obtained:~

Thiis, note «that -if ‘the™ axial>velocities ‘of both -
waves-in helical wave guides’ 31 ‘and 32 wererthe: -
same:and -équal-fo the'average electron veloeity:

in: théele¢tron:bheam it -would he possible that
anselectron<or group -of ‘electrcns

eould Dass

through' the' entire’input section of the tube as
spanned by wave-guides &1 and 32 without affeet

thereon by the wave energy:éxtending into the:

region- of ithe" electron-beami:from either of the
helieal- wave: guides. - For- best resulis
sirable ‘that each electron: in-the besa
upon by at least one'of the two electro

,71t ds de--
‘be-acted:
~magnetic. ~

waves and preferably by both. - By assuring; in

accordance with the :structure ifllustréated: in the a:

drawing, that the axial velocities of -the travel
ing-waves-‘through:-guides &f “and: 32 are”dif--

ferent; then-interfaction between -each:‘eléctron -

and at-least: one of the ‘traveling fields is certain..

It is desirable, therefore; that the average velocity -

of électrons' in the electron eam 28 be équal to
the! mean -6f the axial'velocities of theé traveling
waves  in~helical wave  guides 8i-iand: 3%

The: =
axial velocity of an electron m the beam; is, of
course;-adjustable by variation’-of the potentials -

of - 'the" electron gun. and «¢ollector” electrgde *21.

Wlhen the average ‘eleciron velocity lies between’

the' axial velocity' components ‘of the"traveling :
waves-and ‘guides 31 ‘and 32 ‘the' interchange of

energy- between tiraveling waves and electron

beam will have minimum effect vpon tha:average

velocity® of ah- electron in the beam.:

The electron tube.illustrated'in ‘the' drawing
may serve as a frequeéncy convertef in:addition
to a frequency-mixei-as above described. " A fré-

45

quency ‘converter;y: as «is -well ‘understood; s “es= "

sentially a combination of a mixer and'a lecal’

oscillator. - As " described: in considerable ‘detail’

in the aforementioned-patent applications s beani -

traveling wave-electron tube may Be used gs an::
oscillator by  coupling”a predetermined’ fraction:

50

of its signal output back to its sighal input ter-:"

minals -

Feed-back in an electron beamn traveling wave™

tube may be accomplished simply by mis~-match-
ing‘-'the:termina'uion of the helical-wave guide so
as-to provide reflections of that amphtude and

65

phase necessary to cause oscillation.: A prefer=. -

ableé manner of obtaining a suitablé $Stable: fre=
quency - from-an electron' beam -‘traveling ‘wave

80

electron tube is to couple:a: portion of the:output: -
energy from -the output coupler of thé tube back -

to‘the input coupler thereof through ‘@ resonmant’

external- feed-back path tuned to the™ desired-
frequeney. : This type-of coupling is sufiiciefit in®

65

view of the'broad band capable of beihg handled- -

by an electron’ tube:of thiseonstruction.

Further detdils of possible means for causing -

self-oscillation’of a portion ‘of the electron tube’
shown: in thédrawing'are '‘noct giverr herein.
However, when such seif-oscillation is established
this oscillation will provrde one of -the ‘two fre-

70

quencies “to ‘be -mixed. » 'The ‘second of the“fre- =
quencies to ‘be mixed-may_ be ‘applied at -ohe of -

the‘co-axial lines &4 or 42. °

(]

8

The!microwave mixer=andi'converter- eléctron -
tube illustrated in the drawing is of particular-
advantage:-in: high-frequency-:isystems;: in-that’
the bahd of operation-covered is extremely:-broad:-
furtherinore;-that-amplification-is obtained dur-"-
ing -the-mixing- or :conversion -process:— Signal-~
amplification in-microwave-mixers or converters -
is -of--particular-advantage:to -microwave system--
engineering,--since: -erystals -and -like-rectifying -

-elements -ordinarily’ used for mixing and:conver-:-

sion: -introduce- demded ~energy-loss- rather~than™
signal- level ' gain;-

Although:the electron tube-of Figure I has-been~
illustrated as providing-an-eoutput-signal-equal

_in.frequency. tothe sum-of applied-signal- fre=

quencies it “is evident: that-the -difference -fre--
quency-may be-obtained-by: proportioning output--
helical -wave-guide 33 :so--that"it -is capable -of «-
transmitting sthe. -difference - frequency. - - This - -

s-would require-that-the pitch of:the wave guide 33-’~f

be-ssuch-~that-for--a -given length it contains-a -
number -of  turns- eorresponding to the-difference- -
of the number:of turns-of helical wave-guides-31--
and-32; for-the same length. It is to be mentioned--

-at this -point that traveling wave -electron- tubes -
‘need-not- be-utilized -for -lowering -a systemr fre- -

quency -as -gain- at-high-frequencies-can: be-se- -
cured, -

The -various features described in- cons1derable -
detail in:the aforementioned- co-pendlng ‘patent -
applications-may be incorperated:-in-the electron»w
tube illustrated in-the drawing of this appleation.-
As-an-example-thereos,- the-spaces between- turns
of helical wave guides 31, 32 and--33 - with -the-

.exeeption’ -of - -the.- central -cylindrical - -region
through: Whlch the" €lectron:beam passes may- be -

filled -with -a-suitable. lossy substance to -preclude -
inter-action and: deleterious coupling- among- the -
fields of the three wave guides shown. - This lossy
substance will preclude -oscillation and-undesir- -

"“able frequencies.

Thus it.is evident’ that various modlﬁcatmns of -
the disclosure set forth in the present appllcatlon
may become. apparent to those Skllled in the art.:
Accordmgly, it is preferred that the present. in- -
vention be hmrted solely-by the. scope.of the ap--
pended: clalms

I claim3:

1.A beam traveling wave electron: tube com- -
prising in combination -within -an evacuated -en- -
velope, an-electron gun disposed -at one end of
said- envelope. for : generatmg an -electron’ beam -
of predeterminied average electron ve1001ty, a col- -
lector electrode positioned- w1th1n the . opposed -
end of said envelope, means for- -directing said ‘

‘generated electron beam axially through said- en-

velope and 1mp1ng1ng said beam upon said col-
lector ‘electrode, means dlsposed adjacent -said--
electron gun for velocity modulatlng said elec- -
tron beam s1mu1taneously -in accordance with at |
least two sighdls and'comprising & pair of inter-
wound hehcal wave guides, said wave guides each
comprising” ¢hannel shaped ' conductors -of sub-
stanmally rectangular” cross-section, the open™
ends of each of said channel shaped conductors
defining a cylindrical surface co-axial with said
electron beam, means for introducing microwave”
energy at predetermmed frequencies to said in-
terwound “helical wave guides for establishing
traveling waves therein, said interwound helical
wave guides bermitting the inteéraction of micro=
wave energy flowing ‘therein and’ said electron "
beam:*

2. A beam ‘traveling wave electron tube ¢om-= -
prising in combination’ W1th1n an ‘evacuated e -
velope; an -electron gun-disposed 4t oné end of
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- sald envelope for génerating an electron beam of
predetermined average electron velocity, a col-
1ector electrode positioned within the opposed end
of sdid envelope, means for directing said gener-
ated electron beam axially through said envelope: 5
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-:{19
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 2
cylindrical surface co-axial with said electron:ig
beam, means for inftroducing 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:igg
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:.og
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 microwave:g,
energy at a frequency equal {o 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:igs
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-:: 4
velope and impinging said beam upon said col-
lector electrode, means disposed adjacent said
electron gun for velocity modulating said elec-
tron beam simultanecusly 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..
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™
beam, 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™ 60
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
equal to the sum or difference of the number of - 70
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 7

65

¥ ‘,10 -
of said envelope, an electron collector positioned
within the opposite énd of said envelope, & 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 predeterimined fre-
quency, a second wave guide of a predetermined
piteh 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
portioni 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 -wave guide in- accordance with said input
signals. C ST
“B.- A beam traveling wave electron tube com-
prising in combination within-an-evacuated:en-
velope, & source of electrons-disposed at-one-end

© of said envelope, an electron collector positioned

within the opposite end of-said envelope; a Afirst

- wave guide of a predetermined pitch surreund-

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 aninput signal of- a:prede-~
termined  frequency, of 2 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.exfracting
signal energy from said third wave.guide in ac-
cordance with said-input signals.: - - ¢

6. A beam traveling wave electron. tube.com-
prising in combination within an evacuated en-
velope, & source of electrons disposed-at-one end
of said envelope, an-electron: collector positioned
within the opposite end of said envelope; g 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’ pifch
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 displacéd 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. T 0
7. A beam traveling wave electron tube com-
prising in combination within an evacuated en-
‘velope, 2 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, a second wave guide of a pre-
determined pitch surrounding a portion of the
axial path from said source to said eollector, 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 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.
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- 8. A beam _traveling: wave electron tube com-
_prising i combination withih an, evacuated en-
""" 'velope ‘a”source of electroris dISposed at_one end
ofsaid envelope, an electron colleétor . posmoned
‘f“wtthin"the ‘opposite endof said.envelope, a first_ &.
““wave guide of aprédetermined pitch surround-
" ifig ‘a-portion of thé ‘axial path from said source
g sald collector, a second wave guide .of a pre-

4l path from said Source ‘to said colléctor, and, 10
“grthird “'wave "guide Jof “a predetermined pltch

stn'rounding ‘& gortion “of ‘the axml path’ from
“*gafd source to sdid- collector, said:third wave

second wave guldes the portmn of the wave guide;;18.
o éajaf trtHe ‘axial path of said éleéctron heam
‘open to providé couplihg between the elec-

tromagnetic energy in sald wave gU.ldes and sald

L e BT ”

“tibe .havmg a cathode for ge*x-'

on be: __m"algng %L’ri axial path of

tube parallel to “fHe” akis"of tHe electrlc field for
: ‘densitv modulating the eIectron beam 1n accord-

T tron Beam WheéH entéfing the region of'said tube
:j‘ pantied by ‘ssid outpit helical Wave guidée being

“fetarded and delivenng energy to. sald wave guide
bSF éxéitationh of the traveliing wave fherein and
~“meany fo¥ ‘extracting signa:I energy from the out- ¢
tit; helleal wave guide.”
» 710, “Anv election’ tube having a cathode for gen-
. ,ei"ating an-eleétron béam dlong an dxial path.of
~ said tube; a_cbllector electrode. for said electron
“‘Heam; ‘a_plurality ‘of input interwound coaxial .
- helieal metalli¢- wave guides mounted in:one end
oi’ said tube, an outpitt coaxial helical wave guide
positioned in said tube between. said interwound
in‘put ave guldes and. collector. electrode,, each
~of said wave. guides comprising metall si
" spaced by an integral outer metallic, strm and
~;having an open.face for defining a cyhnder Wthh
constu _utes said axial path for sa1d electron beam

¥, density modu- .
TICE with the”
" when enter-

uide by, excltation’ of, the

‘ av therein’ and means for extracting 0

etermined” pitch surrounding “a portion of. the - .

uzde being ‘axially. displaced from said first and - -

=12

11, An.electron beam having a cathode for.gen-

4.erat1ng an electron_beam along an. axial, ‘path -of
..said tube, a collector electrode for said-electron
_beam, ‘a plurahty' 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,, said

waye guides having, openings, into, said. electron
beam . path, coupling means for, 1ntroducmg elec-

.fromagnetic wave, energy at, the desired. frequen-
.cles into. each-of  said-plurality..of..input wave

guides, . sa1d wave. energy. travellmg along ‘said
wave guides in, the. chrectlon ‘of said electron beam
Jor. _establishing said. electric. fields . within ; ;said

tube parallel to.the axis of the -electric. ﬁeld for
~..density modulatlng the electron beam in accord-
.ance with the signal . 1ntens1t1es said .electron
. beam  when entermg the. reglon of _said. tube

spanned by. said.output hehcal wave gulde Jheing

s etarded and delivering energy to said.wave guide

means for extractmg s,1gna1 energy from the out-
_put helical wave guide.

~12. An. electron tube having a cathode for. gen-
elatmg an. electron beam along an axial. path of

..said:tube, a collectof electrode for said electron
.. beam,  a plurahty of .input. interwound . coaxial

hehcal metallic wave. guides. mounted .in.one. end
of said tube, an, output coaxial helical wave guide
positioned in said .tube between.said. mterwound
input wave guides and, eollector electrode, .said

.wave, gu1des having an open. portion forming said
.glectron beam path, couplmg means- for . intro-
. ducing.. electromagnetm wave energy. .at the.de-
.. Sired, frequenmes into. each of. said . plurality -of
. input. wave guides, .said wave energy., travelling
:,,alqng ‘said wave, guldes ,in the.. i

ectlon of said

w1th1n said tube parallel to-the axis, of ‘the electric
. ,ﬁeld for. denswy medulatmg the electron beam in

tron beam When entermg the reglon of sald tube
_spanned. by, said output helical: wave guide being

retarded and.delivering energy to .said wave. guide

by.excitation of the trayelling. wave:. therein and
..means for, extractmg signal energy.from the out-
. qut helical wave. guide.

13 An elec tron tube havmg a__cathrde for, gen-

d_tube ‘an out_pui, coa*nal hellc"ll Wave guxde
loned. in said. tube, between said. interwound
aput. waye, guides. and..collector. electrode, .cou-

bling means for introducing.. electromagnetlc wave

energy at the desired fréquencies mto each of sald
plurality of input” wave gulde" “and means “for
extracting s1gna1 ene1 gy ;rom the o "tpub heLcax

wave gu1de
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