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This invention relates to electron discharge de- * further electrode between the resonator and the

vices of the velocity-modulation type employing
hollow resonators and in which a stream of elec=
trons after having been velocity-modulated by
passing through the resonator gap is adapted to be

(CL. 315—5)

reflected by the provision of a reflecting electrode "%

back through the resonator to excite the reso-
nator, the electrons travelling through a sufficient
distance to enable buriching of the electrons to
oceur. ’

10

It is found, however, that the efficiency of a ™

device of this type when opersting as a generator
of oscillations is rather low when operating with
o low current and a high resonator potential and
this is to some extent due to the unsuitable poten-

tial distribution of somewhat parabolic form im ™

the space between the resonator and the reflect=
ing electrode whereby only a small degree of
bunching occurs. I have found that the efﬁc1ency
of devices of the kind referred to can be sub-
stantially improved by arranging that the field
gradient in the space between the resonator and
the reflecting electroede hag a positive or zero
value over ‘at least half the distance between
the middle of the gap in the resonator and- the
Zero equi-potential surface which is set up in
operation between the resonator and the reflect-
ing electrode. The field gradient has the positive
and negative values referred to herein when said
values are derived from a plot of the potential
distribution taken from -the resonator to the re-
flecting electrode.

According, therefore, to one feature of the in-
vention I provide an electron discharge device
and a circuit of the type referred to wherein the
construction and -arrangement of the electrodes
are such that with suitable potentials applied to
the electrodes the field gradient along the ‘path
of the electrons between the resonator and the
reflecting electrode -has a positive or zero value
over at least half the distance between the middle
of the gap in' the resonator and the zero equi-

potential surface which is set up in the space be- .

tween the resonator and the reflecting: electrode.
Such a field gradient can be obtained-ina varlety

3t
R4

20

25

30

35

40

45

of ways, such as by shaping the reflecting ‘elec= *

trode and the adjacent surface of the resonator
in a suitable manner. However, I -have found
that a more convenient way of effecting an im=
provement ‘in the eﬂicxency 1s 1o 1ntr0duce a

50
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reflecting electrode,

“The shape of the further elee’rrode will depend
on-the form of the electron -beam and in cases
where the electron beam is of a substantially cir-
eular form in cress-section, the further electrode
may comprise @ cylinder or disc surroundmg the
beam. - Other forms of leﬁectmg eléctrodes: can
be-employed: dependmg on-the shape-of the elec~
tron beam as will-hereinafter be referred to.

-A'potential distribution between -the resonator
'md the reflecting electrode which -passes’ from
4 positive”value-at the Tesonator- ‘linearly  with
distance thireugh zeroto a negatxve valite at-the
reflecting -electrode p10v1des a-coustant’ potential
gradient throtighout the space and hence the field
gradient is'always- zero.: Such a field-gradient
affords a ‘much -better Tesult than ig the case if
the field gradient ispositive. A -zero field gradient
can -be approx1mated in practice by providing a
large number of further electrodes between the
resonator-and the reflecting electrode, the further
electrodes bemg maintained 4t slightly different
potentials passing from a positive value :at the
further “electrodeclosest ‘to ‘the resonator ‘to a
negative ‘value-at the further electrode closest to
the reflecting. eléctrode; the potentials applied to
the further -electrodes being so' chdsenithat the
potential distribution is- substantially: linear,
Such an arrangement:is, however, cumbersome in
practice and hence, for practical purposes, it is
preferred to:employ a-minimum number of : fur-
ther electrodes. )

:In order that the said invention may be clearly
understood gnd readily. carried into ‘effect,:it will
nowbe-more fully: deseribed with reference to
the‘accompanying drawing which lustrates one
form of discharge device provided with. a further
electrade-in accordance with the invention.

As shown-in the drawing, the referéence nu-
meral I-indicates:the evacuated envelope of the
device having-at one -end:g . cathode 2 which is
arranged: toproject a‘beam of electrons.through
the gap-3 in a hollow resonator 4, the electron
stream passing throughthe-resonator being di-
rected towards a reflecting €lectrode 5. The'hol-
low ‘resonator 4 is of tormdal form "having: the
¢ross-section shown-and is arranged partly within
and partly outs1de the evacuated envelope 1. 'In
accordance w1th one feature of the mvention 3
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further electrode 6 is provided arranged between
the resonator 4 and the electrode 5. When oper-
ating the device shown in the drawing as a
generator of self-maintained oscillations, a low
current of about 10 to 5 milliamperes is employed
and the resonator 4 is maintained at a high po-
tential of about 1000 to 2000 volts positive with
respect to the cathode 2 and the reflecting elec-
trode 5 at a potential of 100-200 volts negative
with respect to the cathode the further electrode
§ being maintained at a potential, preferably at
a negative potential, intermediate the potentials
applied to the resonator 4 and the reflecting
electrode 5. The field gradient is changed by
introduction of the electrode 6 which sets up
between the resonator 4 and the reflecting elec-
trode § equi-potential surfaces which are con-
cave facing the resonator 4, as indicated by the
dotted lines, these concave equi-potential sur-
faces extending over a distance along the path
of the electrons which is longer than the dis-
tance over which concave surfaces would be set
up in the absence of the further electrode 6,
so that the field gradient has a positive value
over at least half the distance along the path of
the electrons between the middle of the gap 3
in the resonator and the zero equi-potential sur-
face which is set up between the resonator and
reflecting electrode. The zero equi-potential sur-
face referred to herein is the equi-potential sur-
face having the potential of the cathode of the
device. In practice, the resonator may be main-
tained at earth potential and the cathode at about
1000 volts negative with respect to earth and the
reflecting electrode at about 1100 or 1200 volts
negative with respect to earth. In this case the
zero equi-potential surface between the resonator
and reflecting electrode will be the 1000 volts
negative equi-potential with respect to earth. In
some of the previously proposed resonators the
wall of the resonator adjacent the reflecting elec-
trode is symmetrical with the wall adjacent the
cathode and such a construction of resonator is
also found to impair the efficiency of operation
owing to the re-entrant form of the rear wall.
It will be observed that in the construction shown
in the drawing the rear wall of the resonator is
substantially flat in the vicinity of the reflecting
electrode and this flattening of the rear wall of
the resonator is also found to effect an improve-
ment on the efficiency of operation.

The reflecting electrode 5 in the example shown
is substantially flat although, in some cases, the
reflecting electrode 5 may be of concave form with
the concavity facing the resonator.

The disposition of the electrode 6 in relation
to the resonator 4 and reflecting electrode 5§ and
the dimensions of the electrode 6 are not critieal
and in one form of the invention, given purely
by way of example, in a case where the resonator

4 is tuned to operate at a wavelength of 9 centi-

metres, the electrode 6 may comprise a cylinder,
about 6 millimetres in diameter and the length
of the cylinder may be about 3 millimetres. The
distance between the rear wall of the resonator
and the reflecting electrode may be about 5 or 6
millimetres. The diameter of the apertures
forming the gap in the resonator 4 may be about
3 or 4 millimetres in diameter.

The device shown is intended to be employed
with an electron beam of a substantially circular
form in cross section and in this case the further
electrode 6 will also preferably be of circular form
in cross section. Instead, however, of employing
a cylindrical electrode one or more apertured
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diaphragms may be employed, these apertured
diaphragms also serving to provide the required
field gradients and by employing more than one
apertured diaphragm or more than one of the
cylindrical electrodes, shorter in length than that
mentioned above, and maintaining these elec-
trodes at potentials which are progressively more
negative towards the reflecting electrode 5, the
distance along the path of the electrons over
which the concave equi-potential surfaces are set
up can be increased, and the field gradient can
be caused to approach closer to the zero field
gradient referred to above.

" The features of the present invention can also
be applied to electron discharge devices which
employ ribbon-shaped beams. In this case the
further electrode 6 will be shaped appropriately
and may comprise a cylinder having an elongated
cross-section or a diaphragm having an elongated
opening or, alternatively, may comprise a pair
of flat strips lying substantially parallel to the
major axis of the ribbon-shaped beam as viewed
in cross section. The pair of strips will be main-
tained at the same potential.

The features of the invention can also be ap-
plied to electron discharge devices where an elec-
tron stream flows radially through an annular
gap in a resonator. In this case the further
electrode may comprise a pair of rings lying one
on each side of the beam.

What Iclaim is:

1. A high frequency apparatus including a
source of electrons and an electrode toward
which said electrons are to be directed, and a
cavity resonator positioned between said source
of electrons and said electrode, electrode means
between said resonator and said electrode, means
including a source of voltage and conductors
connected between said source of voltage and
said resonator, said electrode and said electrode
means for maintaining said resonator at a high
positive potential with respect to said cathode,
said electrode at a negaiive potential with respect
to said cathode, and said electrode means at a

5 potential intermediate that of the resonater and

said electrode.

2. A high frequency apparatus including a
source of electrons and an electrode foward
which said electrons are to be directed, and a
cavity resonator positioned hetween said source
of electrons and said electrode, electrode means
between said resonator and said electrode, said
electrode means comprising a tubular ring-like
member closely surrounding the electron path
and spaced closely adjacent said resonator and
said electrode, means including a source of volt-~
age and conductors connected between said
source of voltage and said resonator, electrode
and electrode means for maintaining said reson-
ator at a high positive potential with respect to
said cathode, and said electrode at a negative
potential with respect to said cathode, and said
electrode means at a potential intermediate that
of the resonator and said electrode.

3. A high frequency apparatus including an
electron discharge device having a source of elec-
trons and an electrode toward which said elec-
trons are to be directed, a cavity resonator posi-
tioned between said cathode and said electrode
and through which electrons are directed during
operation of said apparatus, and only a single
tubular electrode means positioned between said
resonator and said electrode and through which
the path of the electrons extends between said
resonator and said electrede and closely sur-
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rounding said path, said resonator having a flat
surface adjacent said tubular electrode means
and transverse to the path of the electrons, and
a voltage source having conductors connected
between said voltage source, said resonator, elec-
trode and electrode means for applying a positive
potential to said resonator and a negative po-
tential to said electrode with respect to said
cathode, and a potential intermediate said two
potentials fo said tubular electrode means,
whereby the field gradient along the path of the
electrons between the resonator and the electrode
has 2 value other than negative at least half
the distance between the middle of the gap in

the resonator and the Zero equipotential surface 35 2,190,511

"
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which is set up in the space between the resonator
and the reflecting electrode.
STANLEY HILL.
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