N. E. LINDENBLAD 2,679,019

HIGH-FREQUENCY ELECTRON DISCHARGE DEVICE

May 18, 1954

2 Sheets~Sheet 1

Filed Dec. 2, 1947

N1 SY
TviIXvoo

Jwo oL

£our

£ INIT
&h\s«“ 7Y

"

959,
&
o5osse,

ot

ot

3

%
X
ot

oS
4230,

',

x>
9332,
2
5

oS
oS

X2

INVENTOR
NILS E. LINDENBLAD

2,

%,

.0

&

&
oterrere:
3K
(X
AT
e Totete ot g [ 4
Ao Tesey At
Josetese eoecere 0!
BORRIHNAN .
Seteotelele
: X—

EIAR
RRAHARA

AEXEXTEXTTETTD
RS

B RRRESEES ORI
et isotess Y ; [
& S 200 BB r\

, Ya s [

—.74..5,?.4355!..fi5555555455515,55$:54-$5,5.a:'545.5335;255255.5555!’. oo
\
N
!

S ) i
I IE i T T 22|

%&%&@\%&%\\&\%&
.\N\%\%&%\%\\%:.,,,,,,,i:.z, o

A
\
5
N
N
N
3
N
3
S

- .!ﬂnllliodaolﬂlrvaﬂli!llflllll'ltllfi!ilf!iildﬂl!llll'laffilt:f!f:40!!!!!4:‘10!1

%A
A7 = = —
. P A L A S B o
s R RRRILLEL
2o RS0
SRR IRNLOCHAIHE R XS 2050RELRAIRALAH AN AN
X RN

RBREEHRARRERLLNCR

L= . il Y

2

BY

ATTORNEY




May 18, 1954

N. E. LINDENBLAD

2,679,019

HIGH-FREQUENCY ELECTRON DISCHARGE DEVICE

Filed Dec. 2, 1947

+

~—~KR.F

< ()
) .
N
Y N
24
oW
N ) oq
Q o -

{ 4
49 -
5

2 Sheets-Sheet 2

A

ourPur

iy
{]

I:’{):

Wi
T eR A SN o A e
}/;}
I IAI AL AT L AT LR L LR LA R AR

XYL
%%
30 i

14T4Y,%
J000)

At

’

(3

Y,
%

AT AIIALTATLLLLILAALAAL AR SALALAL A8
J

L)
%,

I

AHI00}

\{
Y

}}

v

4

X

’c"‘y

LY
IO
L/ ’
¢

w
9,

T 2 2 el o A Ll
G0 7

¥ v'E 0"; 4”54"0'; p

/1
Y00X

Q!

/)

gon
S G N W Y

AT LLATLILI LA AR TALLELLIARTLER LS L L RANR AN

i

o
U
Y
A 4265
AT LI T LTI AR A A A L L AR R AR A T
2
%

e

204

U

3

ATAALTTAALALAAATILLLL AR R AT AR AT BRI RRRRRRAY

7,
Yo

v

700

W

W

)

N
3

INPUT

INVENTOR

. LINDENBLAD

ATTORNEY

NILS

BY




-

Patented May 18, 1954

UNITED STATES PATENT

2,679,018

OFFICE

2,679,019
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23 Claims:

1

This invention relatés to elsctron discharge
devices and circuit therefor; especially adaptéd
for use at very high fréquencies of the order of
600 megacycles rangihg into mahny thousands of
megacycles, and particulaily to an electron dis-
charge device capabls of operating over a wide
band of frequencie$ such as would be required
in & radio relay system.

An object of the present invention is to provide
an improved growing wave (sometimes called a
traveling wave) type of tube in which a wave
travels along & conductor arranged adjacent,
parailel, and In energy coupling relation io a
stream of electrons: ‘ .

Ariother object is to provide an improved elec-
tron discharge device amplifier capaible of amﬁ«
plifying a wide band of high frequencies and
which does not depend upon resonance phienome-
non in the output circuit. ] o

It has been suggested in growing wave types of
tubes to surround an electron stream with a hel-
ical conductor which extends alohg an apprecia-
ble portion of the length of the electron ‘stream
and to substantially match the velocity of the
wave traveling along this helical conductor to
the velocity of the electron stréam. The helical
cotiductor in this case would be so ‘construected
and arranged that its projected axial veloulty
would be different from but substantially ‘6r
nearly equal to that of the electron stream in
order to assure eneérgy transfer therebétween in
the proper direction; viz, from the helical liné to
the electron stream or vice versa. For.a general
deséription of the broad principles involvéd -in
these growing wave tubes, reference is héréin
made to my U. S. Patent 2,300,052, granted
Getober 27, 1942, and to my copending applica-
tiohs Serial Numbers 724,330, filed January 25,
1847, and 755,851, filed June 25, 1947, now Patent
I§o. 2,578,434, dated December 11, 1951.

The growing wave tub¢ of the present inven-
tion, in accordance with one embodiment,
achieves the desired velocity relation between the
wave traveling in fhe conductor adjacent the
electron stream and the electron stream by em-
bedding the conductor in a suitable solid medium
of such dielectric and/or magnetic properties that
the velocity of the wave traveling along the em-
bedded conductor or line has a value which as-
sures the proper transfer of energy between the
conductor (line) and electron stream without
coiling or spiraling the conductor. The conduc-
tor or line may consist simply of one or a plu-
rality of straight wires arranged parallel to the
electron stream; as for example, in the form of
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a cage around the stream. This cage should not
possess the properties of a perfect shield, such
as are possessed Ly a cylindricgl-shaped electron
impermeable metallic tube. This cage form of
construction of the invention offers certain manu-
facturing advantages, among others,

It will be understood that one or more straight
wires in air or vacuum would propagate waves
therealong at very high velocity, approaching
the velocity of light. . Therefore, the straight
wires are embedded in a sclid dieleetric or mag-~
netic mediuin to slow down the waves therealong
to practical electron velocities.

It should, of course, be understood that if such
dielectric and/or magnetic material, having the
required high constants for the use of linear
lines is not readily available, the use of dielec-
tric and/er magnetic materials with lesser con-
stants will permit the use of coiled lines em-
bedded therein having greater pitch than would
otherwise be possible.  This means that mutual
turn affects would be reduced and that such
jines could be constructed having lower char-
acteristic impendance.

Another embodiment of growing wave tube of
the invention involves the use of a waveguide
positioned adjacent and parallel to the electron
stream and filled with a suitable solid medium
having such dielectric and/or magnetic proper-
ties -that the desired velocity relation bhetween
electron stream and the wave traveling through
the wave guide is obtained. 1In this embodiment,
however, the veloeily variations which take place
in the waveguide with changes in frequency
should be such as not to handicap the operation
of the system.

Still ancther embodinment of the invention uti-
lizes a plurality of coiled but spaced lines of very
small circumference arranged parallel to the
eleciron stream and lying in vacuo or embedded
in 4 sélid medium of suitable dieléetric and/or
meagnetic properties to obtain the desired wave
vélocity relation. The diameter of each coiled
line is made so small that the circumference
formed by one turn is-only a small fraction of :a
half wave. In this way the variable mutual
eifects formed between adjacent turns from wave
distributional effects is gvoided. In other words
two wave crests of e€qual or opposite polarities
cannot ‘exist-adjacent to each cther in the coiled
line. These coiled lines may be arranged to form
a cage.

A -more -detailed description of the invention
follows in conjunection with drawings, '‘wheérein:

g, 1 illustrates a: longitudinal ‘cross-section




2,679,019

3
of the preferred embodiment of a growing wave
tube constructed in accordance with the prin-
ciples of the invention;

Fig. 2 is a fransverse sectional view through
the center of Fig. 1;

Fig. 3 is a detail, showing a tapered transmis-
sion line which can be connected to the input or
output end of the tube of Fig. 1;

Fig. 4 is a transverse cross-section of another
growing wave tube embodiment of the invention,
using waveguides;

Fig. 5 is a longitudinal section view of the out-
put end of the growing wave tube embodiment
of Pig. 4; and

Fig. 6 illustrates a longitudinal sectional view
of another embodiment of the invention which
utilizes a cage formed from a plurality of small
diameter interconnected coiled lines.

Referring to Figs. 1 and 2, the growing wave
tube of the invention, which is especially suitable
as an amplifier of very high frequency waves
over a very wide band of frequencies, comprises
a non-magnetic metallic envelope {8 which sur-
rounds a hollow cage of three wave carrying ele-
ments in the form of straight parallel wires {, 2
and 3, the cage, in turn surrounding and being in
energy transfer relation to an electron stream 8
‘passing along the longitudinal axis of the tube.
The wires f, 2 and 3 are each embedded in and
completely surrounded by a suitable annular solid
medium 4 having dielectric and/or magnetic
properties such as to produce the desired velocity
relation between a wave traveling down the wires
and the velocity of the electron stream. The
wires f, 2 and 3 are connected together at both
ends of the cage by a wire rihg or connecting
leads 30 and 3{. A suitable cathode i85 backed up
with a negatively charged electron repeller elec-
trode i§ is provided at one end of the tube for
furnishing a heavy concentrated stream of elec-
trons which pass through the center of the cage
of wires I, 2 and 3, for the collection by a collector
electrode iZ at the other end of the end. The
repeller electrode 16 is maintained at a negative
potential relative to the cathode by means of
battery 8. The collector electrode {2 is main-
tained at a slight positive (or if desired at a slight
negative potential) relative to the cathode by
means of a battery 7). The cathode is shown by
way of illustration only, and in practice may
take other forms. A magnetic field coil {7 sur-
rounds the tube and is energized by a D. C. source
18 in series with the variable resistor {9. This
coil {7 is so arranged that the lines of flux pro-
duced thereby extend parallel to the longitudi-
nal axis of the tube in order to focus the beam
of electrons along the center of the tube, and pre-
vent the electrons from impinging on the me-
dium 4.

The metallic envelope 10 is at ground poten-
tial. A coaxial input line 8 supplies radio fre-
quency input current to that end of the cage of
wires [, 2, 3 which is nearest the cathode, while
the amplified current is abstracted from the other
end of the cage by an output coaxial line 9. In
order to assure a vacuumtight shell or envelope
10, glass beads 22 and 23 are provided in the in-
put and output coaxial lines at a location near
shell 10. Other glass beads 20, 21 and 24 are
also provided at those locations where leads enter
the interior of the envelope (0.

The cage of wires [, 2 and 3 has a length which
is a plurality of wavelengths long, for example
15 to 40 wavelengths long at the mean operating
frequency, and provides a velocity for waves
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4
traveling over the wires which is determined by
the dielectric and/or magnetic material in which
they are embedded. If desired, the wires I,
and 3 may be given such D. C. potentials as may
be required by particular circuit designs.

If a predominantly dielectric medium 4 is em-
ployed, it is necessary, in order that conventional
electron accelerating voltages may be used, for
the material to have a high dielectric constant.
One such material which may be used is titanium
dioxide. If a predominantly magnetic medium
is employed for material 4, this medium may
comprise extremely fine powder of a suitable iron
alloy or a powder comprising an iron oxide. This
powder should be dispersed in and bound to-
gether by a suitable dielectric binder preferably
one that can be molded. Suitable proportions
of dielectric and magnetic materials may be used
in a mixture to obtain a medium which will give

' a desired propagation velocity for the waves

traveling along the embedded wires 1, 2 and 3.
Because the characteristic impedance of the
cage 1, 2, 3 is different from that of the coaxial
input and output R. F. lines 8 and 9, it is neces-
sary to match the impedance of these coaxial
lines to the characteristic impedance of the cage.
Where the cage has a higher characteristic im-
pedance than the coaxial lines, it may be advis-
able to insert a tapering impedance X as a trans-
mission line link or impedance transformer be-
tween the coaxial lines and the terminals of the
cage. This link X is inserted externally of the
electron discharge device between the cage termi-
nal and the coaxial line, as shown. It should be
noted that the diameter of the tapering link X
decreases from a point near the cage to the point
where the link joins the coaxial lines 8 or 9.
These coaxial lines may have an impedance of
50 chms, for example, while the cage may have
2 considerably higher characteristic impedance.
Where the reverse conditions exist, that is, where
the cage has a characteristic impedance less
than that of the coaxial lines, then there may
be used a tapering impedance transmission line

; link or impedance transformer 25 as shown in

Fig. 3, where the diameter of the link 25 in-
creases from a point near the cage to the point
where the link joins the coaxial input or output
line.

If the medium 4 is predominantly magnetic,
the cage of wires 1, 2, 3 is apt to possess a high
characteristic impedance Zo. If the medium 4 is
predominantly dielectric, then the cage of wires
i, 2, 3 is apt to possess a low characteristic im-
pedance Zo.

Fig. 4 shows a construction of growing wave
tube in which a plurality of wave carrying ele-
ments in the form of similar and coextensive
waveguides A, B, C and D are symmetrically
arranged around the longitudinally projected
electron stream 5. Each wave guide comprises
a metal enclosure having a slot #{ extending
down the length thereef, This slot is arranged
parallel to and in proximity to the electron
stream 5. Each waveguide is filled with a suit-
able solid medium 4, possessing dielectric or
magnetic properties or a mixture of both, as
outlined above in connection with medium & of
Figs. 1 and 2. The wave velocity along the wave-
guides A, B, C and D in air or vacuum, without
the solid medium, would be relatively high as
compared to practical electron velocities. At
both ends of the tube, the slots in the waveguides
are bridged by wire connections 33, 34, 35 and 325.
The wire connections 33 .to. 36 are respectively
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dofinected at' both- ends of the waveguides to
wire rings 58 by means of leads 51, 52, 53 and 54.
The input coaxial lihe; not shown, suppliés radio
frequency current to the ring 56 at the end of the
tube nearest the cathode (not shown), while the
amplified output currents are taken off from the
ring 58 at that énd of the tubé nearest the col-
lector 12, and supplied to the R. F. output co-
axial line 58 (note Fig. 5). A metallic cover or
shield 58 is provided at the output end of the
tube;, and a similar shield may be provided at
the input end of the tube.

Although three embedded wites {, 2 and 8 have
béeri shown for the cage of Figs. 1 ar\d 2, and four
waveguldes A, B, C and D have been shown for
the tubes of Figs. 4 and 5, it should be understood
that these are only for puirposs of illustration
angd that fewer or g greater nuinber of these éle-
ments may be employeo in practicing the inven-
tion.  Even a single embedded wire or & single
waveguide may be used in the tube of the inven~
tion.

Fig. 6 illustrates another embodiment of the
invention employing a. cage composed of a plu-
rality of wave carrying elements in the form of
coiled lines 88 esch of which hag relatively large
pitch and a diameter so small that the éircum-
ference formed by one turn is only a small frac-
tion of 4 half wave of the operating radio fre-
quency energy.
c¢onnected togethier as shown, in a mahner some-
what similar to that shown in Fig. 1, in order to
form a cage. Although only two stich lines are
shown, in practice; three or more such lines may

be used, properly spaced apart, The coiled lines ¥

may be embedded in and completely surreunded
by & suitable solid material 6 having desired
dielectric and/or magnetic pbroperties, or used in
vacuo merely by arranging them within the
evaciated enve1ope 19 suitably-spaced-from elec-
tron stream projectéd by thée cathode toward the
éoliector electrode. It will be understood that
where the coiled lines 80 are émbedded i a wave
retarding solid medium the pitch of the helix
can be made as sreat as desired: In-PFig. 6, the
electron beam will pass down the center of the
cage ahd be infernal ielative to the coiled
lines: - If  desited, the electron. beam ean
e a hollow stredm passing adjacent to vit ex-
veérnal of the ecage. nly the esseéntisl com=
ponents. of the traveling wave. tube have been
shown: diagrammatically in. ¥ig, 6, in.order not
10 unnecessarily. complicate the drawing, The
input radio frequency means and the output
radio freguency ineans inay comprise coaxial
lines connected to the cage in the same manner as
shown in Fig. 1.

The arrangements of the cage of Figs: i, 2'and
6, and of the waveguides of Figs. 4 and. 5 are such
that .the input waves travel loengitudinally down
the cage or waveguides at the portion of the tube
nearest the cathode at a velocity slightly greater.
than the velocity of the electron. stream in order
to- impart energy 16 thé elections and bunch
thein, while this veloéity relation ig reversed
along the céntral portion and opposite end of
the tube in order:to abstract energy from the
stream.

It should be understood that the line elements 7

1,2 3 of the¢age of Figs. 1 and 2 need tiot neces-
sarily be similar in diraensions as long ag they
are similar in velocity characteristies for waves
tFavéling theresver, and in distribution.. I i§
preferred, however, that the lifiear wires of the

The ends of the ¢oiled lines are ©
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6
cage have identical difriensiotig ahd eharsicter=
istics.

What is claiined is:

1. An electron = discharge device inéluding
means for projecting a stream of charged par=
ticles, & radio frequency wave cartying elemeént
positioned parallel to the path of said stréam
and adapted to be in energy coupling relstion to
said stream, said elemient being embedded in &
solid medium having a diélectric constant eatig=
ing the velocity of the waves traveling along the
length of said element to match approximateély
the velocity of said stream of e¢harged particlés;
said element being edmpletély surrounded by said
medium,

2. An electron dischiarge deévice including
means for projecting a stream of chgrged pars
ticles, a radio frequency wave carrying element
positioned parailel to the path of said stream
and adapted to be in chergy couplihg relatmn'
to sald stream, said element beitiy embedded in
g solid medium having dielectric and magnetic

- properties causing' the velocity of the waves

traveling along the length of said element to
matbch approximately the velocity of said stream
of charged particles; said element being com=
pletely surrounded by said medium. )

3. An  electron - dischavge device including
means for projécting a stream of charged pér=
ticles, a conductor positioned parallel to the path
of said stream and adapted to be in énérgy cou=
pling relation to said stream, said conductor be=
ing embedded in g solid medium havihg & high
dielectric eonstant to reduce the veloeity of waves
wraveling along said conductor, said conduetor
being completely surrounded by said mediuin,
means for producing 9 magnetic field having flux
lines running parallel to said stieam of charged’
particles, and a radio fréquency terminal means
coupled to said conductor near one end thereof.

4. An eclectron discharge devicg includihg:
means for projecting a stream of charged par-
ticles, a straight conductor positioned parallel
to uh“ path of said stream and adapted to' be

5 i energy couplifig relation to said stream, said

conductor being embedded in a solid mediui
having a high dielectric constant to- reduce the
velocity of waves traveling along said éonductor,
said’ conductor being completely surrounded by
said medium, means for producinig & magnatie
fleld having flux lines running parallel to said
stream of charged particles, and a radio- fres
quency terminal means coupled to said conduc=
tor near one end thereof.

5. An electron discharge device including
means for projecting a streaim of charged par=
ticles, & straight conductor positioned parallel to
the path of said stream and adapted to be in
energy coupling relation to said stream, said coti=
ductor being embeédded in a solid medium having
a2 high dielectric constant to redtice the velocity
of waves traveling along said conductor, said
conductor being completely surrounded by said
medium, & radio frequency input terminal means
coupled to one end of said conductor, and & radiv
frequency outpub terminal wiesns coupled to the
other end of said conductor. ‘

6. An electron dischiargeé device including
means for projecting a streamd of charged par-
ticies along an axis of'said‘ device, a plurality of
straight conductors spaced f¥om onhe another and
positioned parallel to the path of said stream and
forming a cage around said stream, means for
broducing lings of magnetic Auk in a direction
parallel 1o the path of said stream for eausiiig
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said stream to travel along said axis, said con-

ductors being embedded in a solid medium hav--

ing a high dielectric constant to reduce the ve-
locity of waves traveling along said conductors,
at least a portion of said medium being outside
said cage, connections between said conductors
at both ends thereof, a radio frequency input
terminal means coupled to that end of said con-
ductors nearest the source of charged particles,
and a radio frequency output terminal means
coupled to the other end of said conductors.

7. An electron discharge device including
means for projecting a stream of charged par-
ticles, a plurality of straight conductors spaced
from one another and syminetrically disposed to
form a cage around the path of said stream and
arranged parallel to the path of said stream, said
conductors being adapted to be in energy trans-
fer relation to said stream by virtue of the space
therebetween, a hollow annulus of solid material
surrounding said stream and embedding said
conductors therein, said annulus having dielec-
tric and magnetic properties causing a wave
traveling along said conductors to have a velocity
which approximates the velocity of said stream
of charged particles, at least a portion of sai
medium being outside said cage, means for focus~
sing said stream to follow a path parzllel to the
lengths of said conductors, connections hetween

said conductors at both ends of said annulus, and 56

input and output radio frequency terminal means
coupled to opposite ends of said conductors.

8. An electron discharge device including with-
in an evacuated envelope means for projecting
a stream of electrons along an axis of said device,
a plurality of coextensive and similar straight
waveguides extending parallel to but spacad from
said axis and forming a cage arcund said stream,
each of said waveguides having a slot adjacent
said stream and extending along the length of
said guide, said guides having in their interiors
a solid medium having dielectric and magnetic
properties causing the velocity of the waves
traveling along the guides to approximate the
velocity of said stream, connections between said
guides at both ends thereof, a radio frequency
input terminal means coupled to said connections
at that end nearest the source of electrons, and
a radio frequency cutput terminal means coupled
to said connections at the other end thereof.

9. An electron discharge device as defined in
claim 1, characterized in this, that said element
is a coiled line of relatively large pitch.

10. An electron discharge device including
means for projecting a stream of charged par-
ticles, a plurality of physically spaced wave car-
rying elements positioned parallel to the path of
said stiream and forming a cage around said
stream, said elements being embedded in a solid
medium having dielectric properties causing the
velocity of waves traveling along said elements
to approximate the velocity of said stream, elec-
trical connections between correspondingly posi-
tioned ends of said elements, a radio frequency
input terminal means coupled to the connections
at one end of said elements, and an output ter-
minal means coupled to the connections at the
other end of said elements, each of said elements
comprising a coiled line whose pitch is relatively
large and whose diameter is so small that the
circumference formed by one turn is only a small
fraction of a half wave of the operating fre-
quency.

11. An electron discharge device according to
claim 2 wherein the magnetic properties of said
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medium predominate over the dielectric proper-
ties.

12. An electron discharge device including
means for projecting a stream of charged par-
ticles, a radio frequency wave carrying element
positioned parallel to the path of said stream
and adapted to be in energy coupling relation to
said stream, said element being embedded in a
solid dielectric material having dispersed therein
comminuted particles of magnetic material, the
properties of said dielectric material and par-
ticles of magnetic material causing the velocity
of the waves traveling along the length of said
element to match approximately the velocity of
the stream of charged particles, said element
being completely surrounded by said medium.

13. An electron discharge device including
means for projecting a stream of charged par-
ticles, a plurality of radio frequency wave carry~
ing elements spaced from one another and posi-
tioned parallel to the path of said stream and
forming a cage around said stream, said elements
being embedded in a solid medium comprising
powdered magnetic material whose characteris-
tics cause the velocity of the waves traveling
along the length of said elements to match ap-
proximately the velocity of the stream of charged
particles.

14. An electron discharge device including a
plurality of spaced, parallel radio-freguency
wave-carrying elements forming a cage, means
for reducing the velocity of waves traveling along
said elements to a predetermined wave velocity
comprising a solid dielectric medium in which
said elements are embedded, and means for pro-
jecting a stream of charged particles coaxially of
said cage and parallel to said elements at a veloc-
ity approximately matching said predetermined
wave velocity.

15. An electron discharge device including
means for projecting a stream of charged par-
ticles, a plurality of spaced wave carrying ele-
ments positioned paraliel to the path of said
stream and forming a cage around said stream,
said elements being embedded in 2 solid medium
having dielectric properties causing thz velocity
of waves traveling along said elements to approx-
imate the velocity of said stream, connections
between correspondingly positioned ends of said
elements, a radio frequency input terminal
means coupled to the econnections at one end of
said elements, and an output terminal means
coupled to the connections at the other end of
said elements.

16. A traveling wave tube including a radio
frequency wave carrying line having g structure
determining a relatively high in vacuo wave
velocity therealong, means for reducing the ve-
locity of waves along said line to a substantially
lower wave velocity than said in vacuo velocity
comprising a solid medium in which said line is
embedded, said line being completely surrounded
by said medium, means for projecting a stream
of electrons parallel to and in energy-coupling
relation to said line at a velocity substantially
matching said lower wave velocity, and input and
output transmission lines coupled to the input
and output ends, respectively, of said first named
line.

17. A traveling wave tube as in claim 16,
wherein said medium is predominantly dielectric.

18. A traveling wave tube as in claim 186,
wherein said medium is predominantly magnetic.

19, A traveling wave tube as in claim 16,
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wherein said first named line comprises a straight
wire.

20. A traveling wave tube as in claim 16,
wherein said first named line comprises a coiled
line of relatively large pitch.

21. A traveling wave tube as in claim 16,
wherein said first named line comprises a plural-
ity of elongated conductors parallel to and form-
ing a cage about said stream.

29. An electron discharge device including
means for projecting a stream of charged par-
ticles along an axis of said device, a plurality of
wave carrying elements extending parallel to bt
spaced from said axis and forming a cage around
said stream, and means. causing the velocity of
waves traveling along said elements to approxi-

10

mate the velocity of said stream comprising a

solid medium adjacent to at least a portion of
the surface of each of said elements.

23. An electron discharge device as defined in
claim 22, further including connections between
said elements at both ends thereof, a radio fre-

20

10
quency input terminal means coupled to said
econnections at that end nearest the source of
charged particles, and a radio frequency output
terminal means coupled to said connections at
the other end thereof.
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