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This inventjon relates to the generation and amplifi-
cation of electrical signals by the mteraction of beams of
charged particles carrying the signals as space charge or
velocity variations and travelling at different average
velgcities. The invention js particularly applicable in
the field of very hign radio frequencies in which amplifi-
cation and gencration of oscillation is inefficient or im-
possible with previously known techniques and apparatus.
" The gpgratign of the present invention depends on en-
ergy transier between heams of charged particles, travel-
ling with different velocitjes, af least one.of which carries
a density or velocity modulation. The particles of the
beams are in energy transferring relationship as they pass
one another. This energy transfer amplifies a space
Sharge charge yariation carried by onme of tne beams dur-
ing its passage past the other beam. The space charge
modulation, as amplified, may then be removed from the
beam by suitable coupling devices,

- It is accordingly the object of the Ppresent invention to
amplify and to generate electrical signals. More specific

¥

oblects of the invention are to provide new apparatus

for these purposes and novel methods of effecting these
ends.

It would be preferred to describe the operation of .the
present invention in quantitative physical terms showing
the transfer of the kinetic energy of the particles into the
energy of the increasing space charge variation. Such
computations, however, inherently are concerned with the
behavior of a gas whose particles are subject to an in-
verse square law repulsion. Phenomena in such a gas
produce resulfs which are not negligible at remote points
thereof, in critical distinction to the theory of gases oper-
ating under inverse cube and higher laws. The theory
of inverse square law gases, largely because of the com-
plexity referred to, has mot been developed in classical
physics, ‘ ' o
~ Consequently, rigorous mathematical treatment of the
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present invention cannot be given at the present time. .

As will later appear, restricted solutions for-a pumber

of cases have been effected which provide explanations of
a'number of phenomena involved. ‘
Accordingly, the invention will be described generally
in physical terms as an introduction to the specific em-
bod_iﬁj_ents thereof, and the mathematical treatment post-
poned to the end of the discussion.
~_ The amplification effects are produced by the inter-
"change of energy between particles moving ‘at different
velocities, and the invention includes the cases where
both beams are travelling in the same direction, particles
in one overtaking the particles of the other, and also
where the particles are travelling in opposite directions.
While for convenience, two beams are referred to, more
may be employed if desired.

In the operation of the invention energy is transferred
from the faster to the slower particles during the transit
of one particle past the other. Within this limitation, it
has been found that space charge disturbances will be am-
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plified with many types of experimental conditions so far
as the average and relative beam velocities are concerned
and so far as the space charge density and currents of
the beams are concerned. It is not to be inferred, how-
ever, that any arbitrary arrangement will amplify energy
at any desired frequency. Not only ‘is the electronic
bandwidth of the apparatus of the present invention lim-
ited in dependency on the space charge density of the
beams and their velocity distribution but within the oper-
ating frequencies there. exists a definite frequency for
which-the amplification is at its maximum.

In order to effect the desired energy transfer between
the beams it is preferred that the beams traverse a com-
mon path., This offers liftle theoretical difficulties, since
the statistical probability of collision within the beams .of
practical current density is substantially non-existent.
Practically, interpenetrating electron beams are easily gen-
erated by two spiral filamentary cathodes or otherwise
as will be apparent to these learned in the art.

“The invention has been described by the inventor in the
Physical Review, vol. 74, p. 1532, and in The Proceedings
of "the Instityte of Radjo Engineers, vol. 37, No. 1, pp.

4-10, and vol. 37, No. 7, p. 778. These publications may
be referred to for additional information.

Further explanation of the invention will be had in
connection with the exemplary embodiments thereof
shown in the drawings, in which:

Fig. 1 shows schematically an embodiment of the in-
vention,

Fig. 2 shows a cathode arrangement for the embpdi-
ment of Fig. 1, ;

‘Fig. 3 shows a second embodiment of the invention,

Fig. 4 is a graphical showing the solutions of an equa-
tion describing the operating conditions in the invention,

Figs. 5 and’6 show the operation of the tube of Fig. 1,

Figs. 7 and 8 show- the operation of the tube of Fig, 3,

Figs. 9 and 10 further show the operation of the tube
of Fig. 1, and '

Fig. 11 shows the electronic band-width of the tubes
of the present invention.

The system shown in Fig. 1 comprises a two beam tube
for the amplification of electrical signals. This tube ¢com-
prises generally a pair of cathodes for generating a pair
of interpenetrating beams of different velocities, a modu-
lator for applying an electrical signal to the composite
beam to provide effective variations of its space charge
density, a drift tube wherein the space charge modulation
is amplified during transit, a demodulator or output cir-
cuit for deriving the amplified energy from the compos-
ite beam, and a collector electrode for receiving the beam

- from the out~ut circuit.

Initially the beam is generated by cathades 1 and 2
whose heater elements are not shewn in the drawings.
As will be appreciated, the cathodes are insulated from
one another in order that they may receive different
operating petentials for establishing a beam having two
components of velecity. The beam is initially electre-
statically focused by the electrodes 3 -and ‘4. "Fhese elec-
trodes are returned to ground and the cathodes ‘are sup:
plied with negative potentials, cathode 1 being energized
through voltage sources 5 and 6, and cathode 2 through
sources 5-and 7. )

The beam then enters a region where it receives a space
charge modulation: Devices for modulating beams 'in
this manner are known, and may operate by hmdulat_igg
either the current or the velocity of the beam. The em-
bodiment shown includes a grounded cylindrical elee-
irode 10 containing a conductive helix 2, conpected
thereto at 12, whose other end is led as through a collar
13 to provide an input terminal at 14 for re‘éeivix_a_g the
modulating signals. Velocity modulation is-thus effected,

Were the signal applied directly to the electrode 10
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~in the absence of helix 11, current or charge densrty'

* . modiilation would be obtained. For this type of opera-
tion, -of course, electrode 10 would not be grounded for
- the input signal frequency. = -

" The modulated beam then enters a dnft space whose

~potential .is siibstantially uniform .and is determined by

R A 2,824997 B I
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cathode 36 and grid 37 modulates the beam current m,
the usual fashion.
The modulated beam -is focused by electrode 46 ener-
gized at a positive potential by voltage source 47, The
beam “is then passed - throfigh - drift tube -50.under the =

" “focusing action of solenoids S1-and 52. -The- drrft tube

that of cylindricdl electrode 17. -The: operat1n° potential -

of this electrode w1th respect 1o ’ground is-provided by

Apotentlal source Durmg passages .of the composite
_beam through thlS tube as well as through the modula-
tor and: demodulator ‘itis fecused magnetrcahy by sole-
moids 18 and 19.:
- During transit through the drlft tube the energy inter-
change between the two components on the beam results
““in an amplification’ of- the space charge variation imposed
‘by -the modulator. “The signal level increases exponen-
tially - along the length of the drift tube Whlle the con-
" ditions setting a--maximum: limit to the 'gain have not
“been mathematically. established, it is reasonable to pre-

sume that some equilibrium condition would eventually 2

be reached in which thé energy of the space charge dis-

_tribution becomes constant and is not amphﬁed during a’

‘further transit in the drift space

potential is-established by voltage source 53. :
From the drift tube, the beam passes through another -

" -focusing electrode 55 which i is: maintained at the potentral >

10

of voltage source 56.
The output energy is denved from the beam by al
resonant: circuit similar to:the .input: circuit. . This com-=

- prises a central ‘collector eléctrede 57 and outer cylinder-

15

. “The tube of Flgure 1 is provided with. a , demodulator -

sectlon 21 which receives the beam- on its emergence

from the drift space and abstracts the energy of the am-
- plified .space charge distribution. This -comprises - cylin-
" drical electrode 21 enclosmg a conductive helix 22 which

“surrounds the beam and is connected to 21 at one end,

- the othér extending outwardly through collar 23 to form

_output terminal 24.: Thus, the-output. circuit is induc-
tively coupled to the beam.

_ A collector. electrode 25 receives. the beam from the

-“demodulator and is. itself energized at a posrtlve poten—

L - Ual with relation to-the cathode by source 26.-

- “The -tube shown in Fxgure 1 is of generally -circular
sectlon and of course is provrded with an -envelope . for
evacuation, to which solenoids 18 and 19 are preferably
" external.
A “cathode arrangement for generatmg a composxte

beam is shown in Fig. 2, ‘wherein two spiral filaménts 30

and 31 are supported. in ‘the -same plane by leads 32.

As indicated, the Ieads “may be posmoned by press 33>,

of the tube envelope. -

The operation of the mventlon as an oscrllator is estab-
lished by regenerative coupling. between the -oufput and
lnput circuits.
coupling would -be provrded from output lead 24 to 1nput
lead 14. - -

Typ1cal operatmg voltages for the tube of F1g 1 rela-rr
" tive to ground, for a drift: tube 10 1nches long, -at.3000."

mc; /s. are as follows: -

Cathode 1. —1400v Il 5 ma;
T Cathode 2l il Lloll il —l350v Iz 10 ma.
« - Electrodes 3, 4 and 10_;___,;',___. 0.
-. - ‘Drift tube 17_ BE —-1200
“-Electrode 21
. +100

Collector 25 - : )
The tube of Flg 3 1llustrates two main departures

“as:well as together. “These features comprise the use of

‘a. smgle cathode-to- generate the-beam; -and the use-of a -
_-'screen to establish tetrode operating conditions in the tube. .

In Fig. 3 the 1nd1rectly ‘heated cathode - consists: of a

) cyllnder 35 with an emitting end face 36.- Current modu-~

30

,35

‘58, -The beam ‘enters-the “output circuit ‘through grid 59
‘connected: to the outer cylinder by annulus 61: - The othér

end of the cylinder is capacitatively coupled to. electrode
57 at ring: 62 through annulus 63. - The potentlal of-the

_collector relatlve to ‘the grid .is’ “determined by voltage :
“source” 65. The output energy is dehvered through c1r-—
cuit §4.

> - The shielding action of grid’ 59 1mproves the efﬁcxency

of the tube by reducing the effective transit’ timie’ of ‘¢elec-
“trons” received by the “collector 57 and consequently .
“should ‘be positioned near the latter, at a distance short

relative to the phy51cal wave-length of the beam modula-

“tion. - Since the signal is’ amphﬁed in the drift tube before.
it arrives-at the screen, the partition noise caused by the:

partial interception of current by the screen grid is negli-

gible. In this respect the- sronal—to-nmse ratlo approaches: Co
‘that | of the conventional tricde. :
As previously mentioned, the tube may form-dn oscrl- s
lator where regeneranve couplmg 1s provrded from the‘ .
':output to the 1nput :

“The provision of a'smgle cathode in: the constructton

- of Fig. 3 causes the formation of what is “usually con-

" "sidéred a single beam. ~The -electron velocities. of sich

40

45

a beam, -however, are not uniform, .since the potentlal

imterlorly of the beam- section progressively: decreases- -
as. the center thereof is approached, as.a result of space .= -

charge fields. -Components of .different velocrty are there- -

fore present for. the exchange of energy between faster )

and -slower eléctrons. -

- The.theory of. operatlon‘of this tube is not fully under-: -
stood: at present,” however, and- the above factors’ may

ot constitute the entire explanatlon The. amplification

~is" obtained at -higher. average current levels than' the

In the: circuit of Fig. -1, manifestly such -

50

double beamn " tube employs,: and - these -levels approach :

‘half or.more of the saturation current that can be passed:
‘through' the drift tube “under the operating conditions.

Such saturation currents . for. various conditions are .de--

scribed by the ‘inventor in The Proceedings 'of -the Insti-

" tute of ‘Radio Engineers, “September: 1939, -pp. 586—602

A5

603
'from that -of Fig.-1, which-may.be- employed separately

Typical operating. voltages for-the tube: of Fig. 3 wrth':rr

"a 20 cm, drift tube, 5 'ma. beam current,-at 3000 mc./s.,:

wounld ‘be a negative grid bias:of 5 volts, first focusing
electrode 200 volts; drift tubs 120 _volts; second focusing
electrode and screen: grid 200- volts, and. the collector
electrode 150. volts, all relative to cathode. . :

The structural dlﬁerences ‘between Figs. ‘1 and 3 ‘should

not obscure the fact that their: methods of operation may -

‘be varied ‘as: desired. - Thus, the tube of Fig.-1 may-be: -
operated as a single cathode: tube where ‘the two. cath=
odes are held af the same potential;_ “The tube of Figi 3~

" may be employed as-a double’ cathode tube where the

65°

" ‘lation. is -obtained: by potential varlatlons of grid 37,7

‘caused. by-operation ‘of a resonant -input circuit formed -

-by-cathode member .35:and. a cylinder-38 coaxial there-".

.- -with. - Annulus 40 connécts:the grid to-one end of cyhn—

70

der 38, whose “other: end is coupled to the “center comn- -

. ductor by:annulus.41 and coupling ring 42. The resonant
:_ structure is excited by an input circuit 43.- The desired
biasing potential -is provided by voltage source 45.: The
voltage vanauon at the s1gna1 frequency between the

5

grid 37 is biased positive of the: cathode 36.s0as to’ draw: -

current and be’ heated- to emission’ temperatures Second- -
ary emission from-ths posmve grid_also ‘may-be em-.
ployed. ‘for=a -second: séurce- of“electrons. -
structure -of Fig.:1. would be: préferred for the latter: type

-of -operation, the main prmcrples mvolved are: eubstan—
tlally the same:: : s

Having descrlbed the exemplary embodlmenrs of thcf

mventmn, the ooeratmg theory wﬂl be consrdered in such =

detatl as is-known." =l :
When a high temperature bcdy is placed close to a low

‘While_the
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temperature body the heat'energy flows in the direction
which tends to .equalize ~the temperatures -of -the -two
‘bodies in contact. Thisis one case of a.general law-of
statistics that.the-entropy tends to-increase. If.an elec-
tron stream of 'high energy is. projected in the proximity
of another electron.stream of lower energy, then, by the
‘mechanism of élastic collisions bétween fast and slow
electrons, there will be a gradual interchange of energy
between the two streams withithe result that on the aver-
age, the'fast electrons are'slowed down and thie slow ones
are speeded up. The nature of this process is similar to
€lastic ‘scattering-of ‘high energy ‘particles ‘by ‘other -par-
ticles which are either stationary-or moving-slowly. In
the-case of electron scattering, the forces ‘acting between
the-¢électrons obey Coulomb’s law. “As-a-consequence ‘the
mechanism of ‘scattering of «¢lectrons:by-¢lectrons: can'be
described iin terms :of the :familiar concepts of -electro-
magnetic theory.

:Consider a-uniformsstream :of :electrons:of charge:den-

sity p, moving in the Z-direction with the velocity v;.
Any disturbance -.of the .stream -will “produce -eléctron
waves in the stream. By electron waves is meant either
space-charge density fluctuations with associated electric
field -fluctuations, or velocity fluctuations of electrons.in
the siream. The phase ‘velocity of these waves:depends
upon- the -space-charge density. Two waves :are -usually
associated with any-disturbance. One.of these waves has
its ;phase -velocity somewhat -higher ‘than-the velocity :of
translation-of electrons-in the stream-and the ‘other wave
has velocity :lower ‘than the:translational velocity.
If-another -stream - of -electrons of density : p, smoving
with velocity v, is injected .near orinto’ the- space:occu-
pied by the ‘first electron stream, the -electron waves
interact.so that the phase velocities. 6f selectron swaves ‘in
the two:streams are modified and aninter-change<of en-
ergy -between the 'two streams takes rplace. ‘It is-most
convenient !for- the purposes-of analysis -to‘consider :the
two :streams of electrons as components-of.one .inhomo-
geneous ‘stream. The space-charge densities p, - current
densities i, and velocities v, can ‘be-expresseid:as:

) =pi+B
P2’ =p:+P2
v =047,
vt =017

i =i+ =1+ 70+ 7ips

(1)

(2)

(3)

In: these expressions the first symbol represents: aver-
age-or:D. C. quantities ‘and the second symbol represents
first order quantities which- can.be-assumed to-vary:with
time-and distance. in.an: exponential manner similar-to
variations of the voltage'V:

V =V e-TZ+iwt

. . . . -
iyt =l 1s=1+ Do+ Tipe

where T is the propagation constant, w is the frequency
of the disturbance, or signal, having an initial value V,
at Z=0. .

“The fundamental equatiens which. are required.in. the
analysis are: (a) Poisson’s equation:

v
V:D=p, or ex=p\+p
or
eV =p,+7: (5)

(b) The. equation expressing conservation .of :electric
charge: -

2, 0
2t Taz=0
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5

6
or

iwin=17§ :

JwPs=Ti; 66)
and (c) the force equation:

a7
where . .
dv_ v ,“"bv "’b_Z_;_bv_Lv"’_bg
dt at'-0Z 0t ~ot' oZ

. 8
E — =LY
Jw— 0T 7mI

WD 4 -=—£
Jwor—0sFos=— mI‘V

(7

By using Relations 3 in the Formula 6 we obtain:
Jw-ﬁl=r (fiiwr'-!-az'nm)
JUWPs=T{(Povs}+Vp7)

Solving for v; and v,, we get:

5i=PL (jp— T,
=g, (jw—Tu)

152=I:Lz;(jw—il?vé) (9)

Substituting - (9) into (7):

P o ye—E
I,pl(Jw v1) mI‘V

—55— e g5) 2 e “
"'ijé(lw v3)3= mI‘.V (10) 7

Solving for ;1, and Ez

[
—]h
e M e
P=Catgtogs
ep
P2
R (v

Finally, the substitution.(11) into_{5) results in the fol-

lowing expression which defines the propagation constant

T wn terms of the frequency w, velocities v; and v, of the

two electron streams, and-the corresponding space-charge

densities p; and p,: ’
€ Py

P

€ P2

m € m e

e . :
T2y [(w+jrvl)2+(w+1rvz)2]r v (12)

Excluding : trivial . solutions :corresponding :to. conditions
that either I'=0 or =0 and replacing space-chargs den~
sities by electron plasma frequencies w; and wq from de-
fining expressions:

m e

and ‘
Ep_2= 3
™ e Wy (13)

we obtain the equation from which-the propagation con-
stant of the inhomogeneous stream can -be: obtained:

w2 I w2

(w+jT9)? " (w+)To)3 ,

It can be easily shown that'in a.general case of .a com-

posite- stream of electrons having many components. of

plasma frequencies w, and velocities v, the formula takes
the torm: R

(18

E .wi2

=S W 1any
1 T{wira) -"(, )
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Agam, in the case-of a_continuous dlstrrbutron of ve-
locities: between the hmlts of_v1 and v the Formula 14"

‘can be written as follows: -

de, - _ ‘f‘ : ;7",
~dy -dv

S (w+.7Tv)’

In the case’ of a homogeneous electron beam’ whén
w,_o the Formula 14 reducesto a. famrhar form

(w+.7T101)’=w1 (15)

‘The .solutron of,Equa_tron:- 15 ,rmmediately gives the
familiar-expression for the propag‘atidn constant:

T =J(w wl)

The Expressron 16 shows that two electron waves prop-

"(14',')

eOR

10

15

agate along the beam with the velocities somewhat higher -

.- and somewhat lower than the average electron. velocity.

" ~-~These- waves produce .interference- effects-in the beam

which manifest themselves: by “the:fact that along the:

beam. petiodic conversion of kinetic-energy of electrons

into ‘space-charge field energy takés place without amph-,
* . “fication of the original disturbance,

In order to solve the Equation 14 in the casc when the

- -velocities are not equal we can -assume that

B v,=v—|—6
‘ an

02—1)_5

o ’where vis the average velocrty of electrons in the stream,
+-and . 28 represents- the -difference in: veloc1ty of the two '

'-,streams, ie., 26—v1—v3

By puttmg s .
T PR
D=ty (18)

we obtain: - ' ' o

e ""w+jI‘vz,= +L:w___u,y P

In ternis ofvra'and ¥ the Formula 14 ca'nbe 'v'&rfﬁéfr'-és":l

(—w+w)2 | (-w-w)_ =

(20) .
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:is only over thrs range that eﬁecnve amphﬁcatron of the

disturbances can take place. - The maximum value: of the; =

real component is equal’ to one-half when the inhomo-.-

as follows

'genelty is equal to the; value of \/3/2. - The formula ex: -
- pressing the amphtude of the’ drsturbance in- thls case is

V Vo cos w(t+Z) [cosh 'y,Z —l-cos 'y,Z] (23) 7

where yris the real and vy, is the lmagmary component,

of the propagation constant.- -
The value of the imaginary component ‘of the propaga-;

tion constant increases with the degree.of mhomogenelty :
‘When the. mhomogenerty exceeds-the-value ' of \/2; four:

amplification effects.

V= Vo cos w(t—l——)cos = ('y.’—l--y,'t’)Z cos ('Y- ,—'7-")2 -
: ‘ @0

Srnce the mhomogenerty of the: beam is proportlonal
to.the signal: fréquency, the curves of Frgure 4-zlso.Tepre-
sent variations of the real and imaginary components-of

-the propagation .constant: with “frequency. - The ratio of.

* interfering waves .are present-in the.beam without-any - ",
- In-this case the magnitude of the:: .
’ drsturbance along the beam can be expressed ‘as’ fo]lows o

the square of: the: amplitude of the ‘disturbance at.a:dis- - .
©. tance Z along the ‘beam to.the magmtude of the disturbance -
at its origin at- Z==0, .répresents-a gain:in: erergy.- of the

disturbance.”
exponentlally with:the length Z:*

. The general solution: to® Equatlon 14 has been obtamed : N
- by standard methods. “ The: solutions deﬁmng conditions’ . -
for amplification -are’ :shown® in- Fig. 12; where ‘the-nor-

malized  real component -of - the propagation - constant,

. For: Targe value: of rz the gam mcreases

- a(vive/wiws)1/2; s plotted-as.a function-of-the inhomo-":
* geneity factory-x’ for: different values. ‘of .a distribution

| 40

- 43

defining the homogeneitSi factor. .~ his: (viwa/vaw;) V2: -

-‘The:curves rise to a ‘maximum. value of:.5 for. p—2
‘(h=1); the maxima for the other curves are lower, butf

the maxima do not fall off particularly raprdly as'p.in-
creases.
will produce: ampltﬁcatlon over a w1der range of- mhomo-

- geneity factor as p-increases.

-The tube of Fig: 1utilizes an mhomogeneous electron' e

factorp. . The ‘general 1nhomogene1ty ‘factor corresponds,a L
to that mentioned above:if: the geometric. mean-values:of: = ="~
velocity and plasma frequently. are,used in the expression

. Consequently,:the tubes'of the present: ‘invention .

- stream- for, amphﬁcatton of hlgh frequency energy.. - The:

50

This equatron can be solved exphcrtly for . a. case when

- Wi Wa
ing form

(Bw L 2'
21U

-1

(Gw -yv
vw1 wy

It can be: easrly shown that Equatlon 21 has the followrngf

: solutlon

The factor aw/ vwy i drmensmnless and 'expresses thef "
degree of 1nhomogene1ty of the €lectron stream;.the 'quan-

tity: yv/w; -is “propoitional - to the.-looked- for component
of  the: propagatron constant,

ponents of the normahzed propagatron 'Cdnstant 7 ('Yv

In this:case the equatton reduces to the follow- :

ST a1y
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electron stream - originates:iat two: ‘separate: cathodes, 1 -

and 2, placed near the input 'end of the-tibe: .
and focusing electrodes placed ‘in front’ ‘of -the cathodes

.. project the-electron streams:through a long, hollow: metal - C
“cylinder, usually called the: drift. tube. B
‘end of the tube- the electrons are collected by a collector . - -
The dlvergence of the electron-stream. is. pre--- =~
-vented by the use of magnetrc field parallel to.the velocity.~ 7.

... of electrons in the stream. This field isicreated by focus=. -
_“ing solenoids as shown in the: figure. i

At -the opposite -

The input signal is

brought to the input end.of the-tube by means of a trans--

mission line which terminafes in:a short ‘helix surrounding
is manner ‘the -signal. voltage :

the electron: stream. "I

- prodiices - initial - drsturbance in “the -beam.: “This  dis-~"

65

and‘ the: average velocr‘y, v, qn the ﬁ gure.

““are shown plotted -in: Figure:4 as a:function of - the,m- i

'homogenetty Sdw/vw. of ithe electron :stream, - The rzal

" component has finite value only over . a limited range of -
- the mhomogenelty factor from 0 to a value of \/- Lj’

“ turbance is @mplified in-an exponentlal mianner- along th

‘plasma frequency, the optlmum djustment depends upo

Iength-of the drift fube: . Gréatly amphﬁed fluctuations-in

- the-electron stream induce voltages in the output -circnity

Thrs circuit can be smular

the value of current density'in the beam:. - Since the 'maxi

,mum value -of the normahzed real compo ént “of the”
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propagation constant is equal to 0.5, the maximum gain of
the electron wave tube can be expressed as:

; - - YrNW1, 1
Gain (db) =20 logwe‘yrz—8.68< a ) 22=18302+/ 7775

cm.(amp./cm.2)V2
volts 3/4 (25)

Instead of adjustment of the difference of potential be-
tween the two cathodes, the drift tube potential can be
adjusted for optimum gain. For a constant current in the
beam the variation of the real and imaginary componertis
of the propagation constant with the potential of the drift
tube expressed in dimensionless units is shown in Figure 5.
The real component reaches its maximum value at the
normalized drift tube voltage of approximately 0.4. The
variation of the output, or gain of the tube with the drift
tube potential can be easily derived from the generalized
curves of Figure 4. Such a diagram is represented in
Figure 6 where a rapid increase in gain as the voltage is
lowered can be readily secen. The effect of interference
of the component waves is apparent in the fluctuations
of the output as the drift voltage is varied.

In the tube of Fig. 3, only one electron beam is used.
In this case the inhomogeneity of the beam is the result
of the space-charge reduction of the potential along the
axis of the beam so that outer electrons travel at a ve-
locity higher than the velocity of electrons along the
axis. The variation of the real and imaginary com-
ponents of the propagation constant with the drift tube
voltage for this “space-charge” type of electron wave tube,
is shown in Figure 7. 1In general, the shape of the curves
in this figure resemble very much those of Figure 5. The
variation of the output with the drift tube voltage for
space-charge type tube is shown in Figure 8.

Experimental curves of Figures 9 and 10 show varia-
tion of output with the drift tube potential. A close re-
semblance, in most respects, to the theoretical curves of
Figure 8 is apparent. These experimental data were ob-
tained for the drift tube 20 centimeters in length.

The generalized curves of Figure 4 make it possible
to estimate the electronic bandwidth of the electron wave
tube. The variation of the fractional bandwidth with
the gain of the tube is shown in Figure 11. It is interest-
ing to observe that at gains as high as 100 decibels, the
electronic bandwidth is still greater than 30 percent.

It will be understood that the embodiments described
above are not to be taken as limiting, but as exemplary
preferred constructions and techniques for illustrating the
practice of the present invention.

The invention described herein may be manufactured
and used by or for the Government of the United States
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10
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

What is claimed is:

1. A signal amplifying device comprising shield means
establishing a beam transmitting path of uniform poten-
tial along an extended portion of its length, a single cath-
ode gun means positioned to inject an inhomogeneous
beam of charged particles at different velocities into said
shield means, said gun means having a single emitting sur-
face and adapted to produce a single beam of said par-
ticles having a relatively large cross-sectional area, beam
modulating means positioned between said gun means and
said shield means operative to modulate beam particles
at a high signal frequency, said gun means being ad-
justable to supply an average beam current which is a
fraction not less than about half of the maximum beam
current transmissible through the shield means transmit-
ting path, and beam modulation responsive means opera-
tive at the signal frequency positioned to receive the modu-
lated beam particles after passage through the beam
transmitting path.

2. A signal amplifying device comprising shield means
establishing a beam transmitting path of uniform poten-
tial along an extended portion of its length, a single
cathode gun means positioned to inject an inhomogeneous
beam of charged particles at different velocities into said
shield means, said gun means having a single emitting
surface and adapted to produce a single beam of said
particles having a relatively large cross-sectional area,
resonant chamber modulating means encompassing at
least said emitting surface of said particle gun means
and operative to modulate beam particles at a high signal
frequency, said gun means being adjustable to supply
an average beam current which is a fraction not less than
about half of the maximum beam current transmissible
through the shield means transmitting path, and beam
modulation responsive means operative at the signal fre-
quency positioned to receive the modulated beam particles
after passage through the beam transmitting path.
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