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This invention relates to-a high frequency gen-
erating system-of the type which is energized by
successive groups of charged particles moving
through space, wherein the groups are obtained
by deflecting a stream of charged particles.

The object of the invention is to provide im-
proved method and means for generating high-
frequency currents of high power and for con-
trolling :the deflection mode of a high velomty
stream of charged particles.

-In. conventional methods of umhzmg hlgh ve-
locity streams of cha,rged particles for high-fre-
quency generation, the stréam is either inter-
rupted into .groups,; or deflected from side to side
by energizing a fixed pair of deflector plates.
the latter case, collection of the deflected stream
is effected in such 2 manner as to charge first
one side-and then the -other -of some oscillating
circuit. . There are certain limitations imposed
when using the conventional stream -deflection
methods. For one- thing,. the high  velocity
charged particles can only be acted upon by the
deflecting field during the 1nterva1 of time it takes
each of them to pass the fixed deflecting plates,
and the higher the velocity the shorter:is this time
interval. ~Increasing the length of the deflector
plates will increase the time :interval it takes a
charged particle to pass through the field be-
tween them, thus giving a-greater amplitude of
deflection, but-also increases the minimum oscil-
lation Dperiod that may be applied to.the deflector
plates so that increased amplitudes of deflection
of the stream.-are cbtained at the: expense of a
decrease in frequency. . Because of the above and
other difficulties, the known conventional meth-
ods of utilizing high velocity streams of charged
particles for high powered high-frequency gen-
eration are limited in-their practical application.

Th1s invention relates to an improved method
for. generamng high- frequencies at high power
which consists essentially in directing ralong a
given path a -stream .of high velocity .charged
particles and providing along the path a-series of
changing deflecting flelds whose polarity :is so
coordinated Wwith the velocity. of the charged par-
ticles that a given segment of -the "stream of
charged particles i§'acted upen by a field of sub-
stantially the same polarlty throughout ‘the
length of the given path... For creating the de-
sired type of deflecting field, it is proposed: that

a3 transmission line which is @djusted and ener-
glzed so as to setup electromagnetic’ standing
waves be used. . As is well' kniown to the art trav-
eling waves cail be set’ up:in. any of the.conven-
tional transmission lines, ‘stich as, for eXample,
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the open wire type or the coaxial type. A stand-
ing wave is the résultant’ of an incident travel-
ing wave and its reflected traveling wave travel-

“iig in obposite’ directionis over the same trans-
" mission path. . The conditions for terminating

the line s¢ that reflected waves will result is well
known to the art, and’consists in general of &
mismateh termination. “Wheh ‘g~ t¥ansmission
line 'is  thus: energized with a standing wave, at,
any given instant the ‘successive one-half wave
length sections of. the line will be. of alternate
positive and negative polarity, while the field 1n-
tensity in any one given sectlon will vary sinus-
oidally’ with time.  That is, successive one<half
wave length sections of the line will have a phase
difference of 180°, while varying pefiodically with
time. -Assuming such a standing wave existing
along the given path, then if a stream of cha,rged
particles. is directed: along this path with such
a-velocity that a given particle traverses a one-
half wave length section of the line'in a time in- -
terval of one-half a period of the exciting fre-
quency, then it follows that some given charged
particle will always be acted upon by a field of
the same polarity throughout the length of the
path. ' That is, if a charged particle is just-enter-
ing a one-half wave length section as-its trans-
verse deflecting field is turning positive, the field
of the following section will' just be turning neg-
ative in polarity; by the time the charged particle
traverses the first section, it will just be turning
to.negative polarity ‘while:the following section
will just be turning positive as the particle enters
it. The maximum amplitude of deflection of the
waved  stream will- occur ~when the moving
charged particle can traverse a.wave length: sec-
tion of the given path in a-time period of thefre-
quency coordinated with the given wave length:
The amount of deflection that any one charged
particle will Teceive for each wave length-section
depends upon-its instant of:phase entry into the
field coupling section: if it enters af the instant
of zero-field or phase, it will receive maximum

" positive deﬁectlon if it-enters-at the one-quarter
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or three-quarters instant, due to subsequent can~
celling ﬁelds it will receive zero deflection; and-if

it enters at the one-half phase instant, it will

receive maximum negative deflection. As a re-
sult, the emerging stream of charsed particles
will have a “waved” shape, and the positively'and
nevatlvely deflected ‘loops of the waved stream
can be.used to energize an oscillating circuit.
“When ' the velocity of the charged particles:is
such that they traverse one wave length section
ih the period of one cycle, the maximum ampli-
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tude of defiection of the resulting waved stream
is obtained. However, the velocity of the charged
particles may be greater or less than the above
assumed optimum value. For a given phase in-
stant of entry into the coupling section, it is pos-
sible to make the displacement amplitude of the
waved stream on emerging to be either zero, or
some positive or negative value, depending upon
what fraction of the optimum velocity is selected.

In this method of creating & series of varying
flelds -along ‘2 'given path a transmission line,
which by definition is made up of distributed elec-

trical constants or parameters, is used to create a-

standing wave field. It would be possible to ap-
proach. -this result by using properly phased
lumped constants for each one-half wave.length
section of the given path ferming the coupling
section, For practical application, the use of the
transmission line has greater advantages. :

It will be noted that the wave coupled oscilla-~
tor.or amplifier using a standing wave on a reso=
nant transmission line can be excited from either
end of the line, whereas the wave coupled oscilla~
tor or amplifier using traveling waves as disclosed
in application having Serial Number 388, 280. and
filed April 12, 1941 must be so excited-that the
traveling wave and the electron stream are both
movmg in the same direction.

= The method of using the fields" of a standmg
wave to’ deflect moving charged” particles gives
many adva,nta,ges over known systems. ~Brief
reference to some of these advantages may be
made. It will be noted that for a given strength
of ﬁeld in - the standing wave, the amplitude of
deflection of the stream for a given velocity can
be made-as large as desired simply by increasing
the length of the coupling section of the trans-
mission line. Also; the amount of power that can
be controlled is ‘not’ limited by the usual consid-
erations of physical size of thé apparatus. ‘Fur-
ther, very high frequencies can be generated or
amplified without encountering the many difficul-
ties-inherent in other systems wherein the physi-
cal size of the apparatus imposes severe limita-
fions. Other advantages of the invention will be
evident. from-the more detailed description that
follows ’

-More: particularly, the invention consists in the
system and method heremafter described, illus-
trated in the accompanying drawing and defined
in-the-claims hereto appended, it being -undér-
stood that various changes in form, arrangement
and ‘détails both of circuits and of method within
the scope of the claims may- be resorted to with-
out departing from the spirit-or sacrificing any
of the advantages of the invention.

Aclearer understanding of the operation of the
invention and its improvement over known meth-
ods.can be obtained by reference to the following
figures and the descriptions relating thereto.

- Pigure 1 shows a block diagram ‘of the prinecipal « -

-elements of the standing wave coupler used as an
oscillator or as an amplifier. :

Figure 2 shows a ¢circuit diagram of a high-fre-

quency amplifier embodying the principles of the
invention, with a graphical representation of tne
standing wave in the coupling section,

Figure 3 shows 2 diagram -of a'standing wave
coupled oscillator, wherein the otutput energy of
the oscillator is also used to energlze the couphng
section. -

Figure 4 shows a c1rcu1t diagram of a standing
wave coupled oscillator in which the conducting
members which guide the initial and reflected
traveling-waves'that form the resulting standing
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wave pattern are shown ag of the coaxial typé.
Figure 1 is a block diagram showing the main
elements of the stationary wave coupler.  Block
i0 represents a gun for creating high velocity
charged particles, such as electrons. In what fol-
lows, it will be assumed that the charged particles:
used are electrons, although it will be sbvious that
this is not a necessary restriction.  Block [ rep- :
resents the coupling section, wherein the fields of
the standing wave and the electrons of the elec~
tron stream are coupled together, so.that the wave
fields deflect or displace the electrons therein.
Block 2 represents a high~frequency collector for -

' ~ collecting high~frequency energy from the waved

stream -of emerging. electrons.  Block 13 repre-
sents -the load which utilizes the energy collected
by the high-frequency collector (2. Block (4
shows the high-frequency énergizer which ener-
gizes the transmission line of the coupling section
{1, and thus forms the stationary wave pattern
therein. - The high-frequency energizer i4 may be
an independent osciilator, or may be energized by
a portion of the cutput energy of the h1gh fre-
quency collector 12.

In the operation of the wave coupler the elec-
tron gun 18 directs a stream of electrons along
the path in the coupling section [{ where the
standmg wave field pattern. is set up. A trans-
mission line can be used to direct the path of
the wave. . Conventional transmission lines con-
sist of such members or media as will tend to
guide electromagnetic waves ‘along g given path.
One conventional type of transmission line con-
sists of two spaced parallel wires. Tn order that
standing waves shall be formed when the trans-
mission line is energized, it is necessary that
traveling waves moving in opposite directions be
set up in the transmission line and. coupling sec-
tion. If one end of the line is energized from a
high-frequency source -and the other end ter-

- minated in such a manner as to create a re-

GO
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flected wave, the desired standing wave field will
result. As is commonly known in the art, such
reflected waves will be set up if the end of the
line is mismatched as by being open-circuited or
short-circuited. The standing wave will form a
series of one-half wave length sections along the
coupling' section 4 whose flelds are alternately
of positive and negative polarity, and wherein

, the field of each section varies sinusoidally with
- time at the frequency of ‘the: energizing source

14. By directing electrons of given velocity
through - the standing wave transverse electro-
static'fields of the couplinig section the action of
the fields on the passing electrons of the stream

serve- to  deflect the stream 1nto a “waved”
pattern . e
Still referrmg l:o F1gure 1, if the high-

frequency.enérgizer 14 is an 1ndepende'nt oscil-
lator energizing the coupling section 11; all of the
output energy of-the collector 12 goes to the load
18.. Under thesé conditions, the standing wave
couplér serves-as an amplifier. However, by di-
verting part of the output of collector 12 to the
coupling section I, ‘the standing wave coupler
serves as an osc1lla.tor ‘In the matter of the fre-
quency-at which the oscillator will. operate, it is
to be remembered_ that 8 transmission line sef-
ting up standing waves is in the nature of a res-
onant line, and that the resulting resonant fre-
quency is a function of .the length of the reson-
ant line, in which the fundamental or harmonic
frequencies may be used. .

Figure 2 shows 'a cireuit diagram  of" the
standing wave coupler used as an amplifier foi .
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high-frequency currents.’ The exciting. oscillator
26 energizes the transmission line 22—232 of the
coupling section, which includes two spaced par-
allel ‘conducting members 22 and 23. The elec-
tron gun 21 directs. a stream of high velocity
electrong through the:coupling section 22—23 as
is indicated by the dotted Ilines. The end of the
coupling transmission line 22—23 is tarminated
with an.impedance 26 -which may have an infinite
or zero value in order to favor the forming of
standing waves in the. coupling section. . High-
frequency energy is.collected from the waved
electron:stream by-the collector plates 27 and 28
and the high-frequency collector circuit 24 trans-
fers the energy to the load 25. A ground return
circuit from the collector 24 .to the electron gun
circuit 21 is provided. The tube casing 29 per-
mits ‘evacuation of the: air from' the region
through ‘which the electron stream is directed.
The standing wave formed in the coupling sec-.
tion of line 2223 is represented graphicaily by
the woltage curve shown at 38. The condenser
plates 31=—32 and 3234 indicate whére one-half
wave length sectional fields could be set up if &
series of _such. condensers were -energized in
proper phase.

By reference to Figure 2 the operation of a
wave coupler using standing waves.and cperating
as gn amplifier can be made ciear; The coupling
section . 22--23 of the transmission iine is ener-
gized by the oscillator 2§ and the line so ter-
minated as to create standing waves. The elec-
trostatic field set up between the conductors
2223 by the stationary waves is illustrated
graphically by the voltage curve in graph 38.
The transmission line is shown as marked off in
one-half wave lengths to correspond with the
voltage curve, and the one-half wave length seg-
ments are indicated by the letters a, b; ¢, d, e, and
the remainder by f. The primes of the above
letters indicate the corresponding regions of the
.graph. The electron gun 21 directs a high veloc-
ity stream of electrons along the straight dotted
lines shown. The veoltage curve 38: shows the
range of values that the standing wave goss
through for g complete period or cycle, It will
be observed that the zero nodes ars successive
stationary points at one-half wave lengths along
the line, whereas the loops vary with time be-
tween maximum positive ‘and negative values.
For any given instant, say, the loop 38-—a’ will
be positive, 30—>b’ negative, 38—c’ positive, and
so on- throughout: the. coupling .section . ussd.
One-half a-period oricycle later, however; the

polarity 6f the respective segments will he re- ;

versed.: If a stream-of .charged particles is di-
rected through the standing wave field with such
1 velocity that each particle traverses a one-half
wave length section in cne-half a period.of time,
the amount of deflection that a charged particle
will receive for each wave length section it trav-
erses will ‘depend upon the phase of the stand-
ing wave.at the instant of entering the wave
length section.. A'particle, for example, entering
30—a’ at the instant:of zero phase, will be en-
tering just ‘ag the field 38—a’ is-turning posi-
tive, and will be leaving just as it is furning nega~
tive; consequently,-it will be entering the next
section 30-—b’ just as it is turning positive, and
similarly throughotit the rest of the'path. As a
result, a particle entering the coupling -section
at the instant of zero phase will receive ‘a maxi-
‘mum'’ deﬁectlon in the: posmve dlrectlon By a
smuIar line -of reasoning, & particle entering the
‘cotipling -sectioni -80—a" at the-instant- of- 180°
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phase, will receive a maximum deflection in.the
negative direction, It follows that particles en-
tering at the instants of 90° and 270° phase will
receive zero deflection for each complete wave
length traversed, since the fields in say, 30—a’-and
30—’ will change polarity while the particles are
traversing them, ang thus substantially . cancel
out .any deflections.. Particles entering. the ‘cou-
pling section at phase instants between those
mentioned will receive intermediate amounts of
deflection, so that the final emerging stream:of
charged particles or .electrons will leave . the
coupling section “waved” into a sinusoidal wave
form. . After being waved in the coupling section,
the: electron stream impinges-upon.the collector
plates 21 and 28. It will be observed that those
electrons. that were for the most-part in the posi-
tive pelarity- field .and were thus displaced - up-
wards: will: be: collected on ‘the upper plate 2T,
while those that were for the most part in the
negative polarity- field will- be collected:.on the
lower plate 28. The result will be to alternately
charge the upper and.lower plates with elec~
trons, and so energize them at. a frequency which
is'proportionate-to the number-of- pulses collected
per second. -

It isto be observed that the standing wave pat-
tern in the coupling section 22—22 as illustrated
by the standing wave. graph 88 could be dupli-
cated by the use of 1nd1v1dua1 Jumped impedance
oscﬂlatmg circuits -spaced  in series amlong the
path of the electron stream.. For example, the
field-in:the section 38—b’ could bé duplicated by
a pair of condenser plates $1-—32 energized by
an oscillating circuit.  Likewise, the field in sec-
tion 88—c’ could be sét up between the conderiser
plates 33—34 by energizing them from an oscil-
lating circuit having the proper phase relation-
ship. It follows that a properly spaced and ener-
g1zed series.of such pairs of condensers would seb
up a series of fiélds approximating the standing
wave field pattern sét up by the coupling section
of the transmission line 22-—28. In ‘comparing
the two methods, it is evident that the wave
propagation’ properties resulting from the dis-
tributed. electrical - constants inherent in -the
transmission ' line "construction provides g ‘simi-
pler -means of producing ‘the desn‘ed ﬁe d
pattern.” =

Figure 3 shows a-diagram of 'a wave couple
using standing waves when used as an oscillator.
The electron gun is represented by ‘the cathode
element 40 and the plate 4!, each-connected in

‘the conventional ‘mannei to energizing sources.

The. coupling  section is ‘formed by- the: spaced
conductor élements 42 ‘and 43: “The election
stream is collected by the collector plates 44 and
45, and thereby energizes the collection: ¢ircuit
46.. The circuit 46 may be tunhed to some-desired
fréquency, and energy is fed therefrom: to -the
load 47 ‘and the coupling section 42—43. The
connections between the coupling section” ‘243
and the collector-circuit 48-must be of the proper
phase necessary ‘to’ maintairi-oscillation of ‘thé
wave coupler. The'head’end of the coupling sec-
tion line 42143 is shown ‘open-circuited; ‘thereby
reflecting waves and- creating ‘a' standing ‘wave
field along the coupling section: A 'ground return
is provided from the circuit 46 to. cathode 43 for
electrons of the stream. The tubé casing 43-per-
mits the air to be evacuated-from: the Tegion
through which the electron stream is directed,
'The operatlon of the wave coupled: o*cnlabor
using standing waves ‘s fundamentaﬂy the same
as that of“the amplifier in Figure 2. It differs
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mainly in that it uses its own developed high-
frequency .energy to energize the coupling sec-
tion. . Also, the coupling section 42—43 is ener-
gized from the collector end 46, instead of from
the electron gun head end. "It is to be noted that
a wave coupled oscillator using a traveling wave
only. must be so energized that the electromag-
netic wave and the stream of charged particles
are both moving in substantially the same direc-
tion, whereas in the wave coupled oscillator using
a standing wave this restriction does not apply.
With: regard to the frequency at which the wave
coupled oscillator operates, this can be stabilized
by a proper choice of L..C. constants in the high-
frequency collector circuit 44—A45—46, which fre-
quency may be the fundamental or a harmonic of
the resonant line coupling section 42—43. In the
diagram the electron stream from the gun 40—41
is-shown as three straight dotted lines in its un-
excited position, whereas the single waved dotted
line indicates the waved- electron stream after
excitation. -

Figure 4 shows a wave coupled oscillator util-
jzing standing waves, but in which the coupling
section -transmission line is depicted as of the
coaxial type. The electron gun 50 directs a cir-
cular ring of electron streams into the coaxial
coupling section of the transmission line - which
has an ‘outer cylindrical conductor member 5i
and an inner conductor member 52. The collector
ring plates 53 and 54 collect the high-frequency
energy and thereby energize the toroid oscillating
circuit §9. The load 56 is coupled fo the fields set
up in the toroid by the loop 51. The coaxial line
coupling section 51—52 is energized from -the
toroid 55 end of the line. The end of the line is
shown as open-circuited, which will give the re-
flection of traveling waves necessary for setting
up standing waves in the coupling section. For
the purpose of permitting evacuation of any air
in the region through which the electron stream
is direected, an air tight surface can be formed by
the outer coaxial member 81, the toroid 55, and
the casing 58 surrounding the electron gun 50.
The paths that the streams of electrons follow
in their normal and in their waved form are
shown by the dotted lines,

The operation of the wave coupled oscillator
of Pigure 4 is.fundamentally similar to that of
Figure 3, the main difference being that the
fields used are guided.by a coaxial line. - High-
frequency energy is:collected from the waved
electron. stream by the ring plate collectors’ﬁs
and 54. In the matter of choice of operating
frequency, the toroid 55 and the line §1—8%2 can
be designed to operate at some particular fre-
quency, or means employed for varying the L. C.
constants of the toroid 55 and also of the length
of the resonant coaxial line 5i—52. . As an illus-
tration, the head end of the coaxial line 5i—52
could be short-circuited by a movable piston to
permit varying the length of the resonant line,
proper provision being made, of .course, for the
entrance of the electron stream. - .. .

"The above description serves to illustrate the
general principles of the wave coupler when using
standing- waves, and particularly as applied to
amplifiers -and oscillators. ' In the illustrated co-
axial type of ‘coupling section, it was assumed
that a radial pattern. of electrostatic field was
being. generated along the .coaxial line. - Cther
patterns are known to the art, and could be used
in leu of the radial pattern, as long as the electro-~
static fields thereof can.act to deflect the elec-
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tron stream and suitable collection means  are
employed. ST

The displacement amplitude of the waved elec-
tron stream that emerges from the coupling sec<
tion will be some function of the velocity of the
electrons. The amplitude of displacement will
be a maximum when the electron velocity is:such -
that an electron can traverse a wave length. sec-
tion of .the line during the time. interval of a
period or cycle of .the . exciting frequency.
Changes of electron.velocity from this optimum
value will result in -a decrease in amplitude, due
to the fact that successive fields acting upon a
given electron during . its passage. through ithe
coupling section may not all be of the same.po-
larity. The displacement amplitude for .given
conditions of electron velocity, standing wave
pattern, and coupling section. length can be de-
rived by mathematica] means well known: to the
art. - i

It is to.be observed that the velocity .of propa-
gation of the traveling waves along. the trans-
mission line depends upon the value of the dis- .
tributed . constants of the transmission line. -If
the propagation velocity of the transmission-line .
is lowered, then for a given exciting frequency
the corresponding space length of the wave-length
along the line is likewise reduced; as is also -the
electron velocity required to give the maximum
displacement amplitude of the waved electron
stream. L :

In coupling sections referred to in the draw-
ing, the dielectric medium separating the con-
ductor members is assumed to be space. How-
ever, as long as a path is.provided for the elec-
tron stream, regions of the separating dielectric
can be of material substances, such as of glass.
For a given spacing of conductors, the introduc-
tion of a glass dielectric would increase the ca-
pacity per unit length of the coupling section, and
so -modify the velocity of the propagated travel-
ing waves, incident and reflected. It follows that
the glass dielectric used could also serve for the
casing of the tube, so that in effect the conduc-
tors for the coupling section could be placed out~
side the tube walls,” In some applications of.the
wave coupler, this form .of construction might
have physical or technical advantages.

With regard to the particular form that the
coupling section imay assume, it is: to be noted
that considerable variation is possible as long as
the basi¢ requirements of an electromagnetic
standing wave having an electrostatic field. com-

_ ponent capable of deflecting an electron stream

60

65

70

75

are fulfilled. If the. two wire transmission line
and the electron stream, such as-is illustrated in
Figure 2, are taken-as a basic element, it can
be used to trace out other forms, as by displacing
it laterally along a line perpendicular to the plane
of the-basic element pattern, or by revolving. it
laterally around a given line serving as an axis
to create a surface of revolution. In the former
case, the coupling section would have the. form
of two spaced parallel conducting sheets; with
a moving sheet or stream of electrons directed
between. In the latter case, if the axis were par-
allel to the transmission- line element ‘and the
radius was:constant, the coupling section would
be. similar to the concentric circular.cylinders of
a coaxial transmission line, substantially as illus-
trated in Figure 4. -~ - -~ - o

cIelaim: oo

- 1, In_a-high-frequency. generating system in-~
cluding a section of a coaxial transmission: line
and high velocity charged particles, said coaxial
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transmission line being adapted to set up an
electromagnetic standing wave having an elec-
trostatic field component transverse to the annu-
lar space within said coaxial line when energized
by & high-frequency source, means for terminat-
ing one end of said transmission line with a reso-
nanting chamber, means for energizing said trans-
mission line with high-frequency energy, means
for maintaining a low pressure region within said
coaxial transmission line, means for directing a
stream of said high velocity charged particles
into said coaxial transmission line and in the
field of said standing wave, whereby charged par-
ticles of the stream are deflected by fields of the
standing wave, and means for collecting high-
frequency energy from the deflected stream of
charged particles.

2. In a high-frequency generating system in-
cluding a section of a coaxial transmission line
and a source of high velocity charged particles
in a low pressure region, said coaxial transmis~
sion line being adapted to guide an electromag-
netic wave along a given path, said section of
said coaxial transmission line being open cir-
cuited at one end and terminated at the other
end with a substantially toroidal shell having an
annular slot therein, the outer edge of said &lot
being conductively joined to the outer conductor
of said coaxial line, and the inner edge to the
inner conductor of said coaxial line, two substan-
tially concentric annular collector rings adapted
to fit coaxially within said coaxial line, the outer
annular collector ring being conductively joined
to the inner conductor of the coaxial line, and the
inner annular collector ring being conductively
joined to the outer conductor of the coaxial line,
means for directing said high velocity charged
particles along said path toward said collector
rings, means for maintaining a low pressure.
region along said path, and means for coupling
a high-frequency load to said terminating toroidal
shell.

3. In a high-frequency generating system in-
cluding a section of a coaxial transmission line
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and a source of high velocity charged particles
in a low .pressure regicn, said coaxial transmis-
sion line being adapted to guide an electromag-
netic wave along a given path, said section of
said coaxial transmission line being open cir-
cuited at one end and terminated at the other
end with a resonant chambetr which joins the
inner and outer conductors of said coaxial line,
two -substantially concentric annular collector
rings adapted to fit within said coaxial line and
having transposed connections to the inner and
outer conductors of said coaxial line, means for
directing said high velocity charged particies
between the coaxial conductors and toward said
collector rings, means for maintaining a low
pressure region along said path, and means for
coupling the generated high frequency energy to
a load device.

4. In a high-frequency generating system in-
cluding a section of a coaxial transmission line
and a source of high velocity charged particles in
a low pressure region, said coaxial transmission
line being adapted to guide an electromagnetic
wave along a given path, said section of said co-
axial transmission line being open circuited at
one end and terminated at the other end with a
conductive toroidal shell having a substantially
annular slot therein, the outer edge of said slot
being conductively joined to the outer conductor
of said coaxial line, and the inner edge to the
inner conductor of said coaxial line, two substan-
tially concentric annular collector rings adapted
to fit coaxially within said coaxial line and hav-
ing the outer annular collector ring conductively
joined to the inner conductor of the coaxial line,
and the inner annular collector ring conductively
joined to the outer conductor of the coaxial line,
means for directing said high velocity charged
particles into said coaxial line and toward said
collector rings, means for maintaining a low pres-
sure region along said path, and means for cou-
pling a high-frequency load to said terminating
toroidal shell. )
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