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1
This invention relates to electron discharge ap-
paratus utilising the principles of electron veloc-
ity modulation and to receivers for modulated
carrier waves comprising such apparatus,

In one aspect the invention resides in a re--
ceiver for electromagnetic waves of very high

frequency comprising a valve including an elec-
trode system for setting up an electron beam, a
collector electrode and a grid electrode in the
path of the beam, means for maintaining the elec-
trodes at such potentials that the operating con-

.dition of the valve is at a curved part of the grid-

voltage. - collector-current - characteristic, and
means for “velocity modulating electrons ap-
proaching the grid electrode in:accordance with
the incoming modulated high frequency wave.

In another aspect the invention resides in a
receiver for electromagnetic waves of very high
frequency comprising a valve including an elec-
trode system for setting up an electron beam, a
collector electrode, means for maintaining the
electrodes at such potentials that the operating
condition of the valve is at a curved part of the

“collector-current collector-voltage characteristic,
.and means for velocity-modulating electrons ap-

proaching the collector electrode in accordance
with the incoming modulated high- frequency
waves.

The invention also resides in the method of

detecting modulated waves of very high frequency ¢

comprising the velocity modulation in accordance
with said waves of electrons in the cathode-grid
space of a valve set to operate at a curved part
of the mutual characteristic.

The invention further resides in the method
of detecting modulated waves of very high fre-
quency comprising the velocity modulation in ac-
cordance with said ‘waves of electrons in the
cathode-collector electrode space of a valve set
to operate at a curved part of the collector-cur-
rent collector-voltage characteristic.

In another aspect the invention resides in elec-
tron discharge apparatus comprising a length of
co-axial line. constituting a high-frequency reso-
nator, an electrode system for directing an elec~
tron beam through diametric apertures in the
conductors of the co-axial line at 2 field antinode,
a collecting electrode in the beam path beyond
the conductors of the co-axial line and a grid
electrode interposed between the co-axial line and
the collecting electrode.

In accordance with the invention such appara-
tus, arranged for the détection of modulated high-
frequency waves, includes means for applying
the modulateq waves to the resonator, the reso-~
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nator having g natural frequency approximately
equal to the carrier frequency, a low frequency
output circuit connected to the collector electrode
and means for applying to the grid electrode and
the collector electrode such direct potentials that
an operating point on a'curved part of the

‘grid-voltage, collector-current characteristic is

reached.

The preferred method of reception is based
upon the velocity modulation of a beam of elec-
trons passing transversely through suitable aper-
tures in a co-axial line resonator which is tuned
to the frequency of the radiation to be received.

The invention is illustrated in the accompany-

ing drawings in which:

.

Fig. 1 is a substantially central, longitudinal,
sectional view, partly -diagrammatic, of one form
of electron discharge apparatus which may be
used with the invention;

Fig. 2 is a diagrammatic cross sectional view
through the upper end of the apparatus at sub-
stantially the center of the electron beam; and

PFig. 3 is a collector-current, grid-voltage curve
of the apparatus of Figs. 1 and 2 which is to be
used to explain the invention,

In one form, the apparatus consists of some
type of electron gun producing a parallel beam
of electrons, a resonator which allows the beam
to be velocity modulated, a control grid, and a
final collecting electrode. This is shown sche-
matically in Figs. 1 and 2 of the accompanying
drawings. :

Referring to these figures, co-axial conductors
i and 2 form a resonator of adjustable length.
A co-axial line 3, 4 terminating in g loop 9 serves
to feed incoming waves to the resonator. Elec-
trons from a cathode 6 are projected in a beam by
focussing and accelerating electrodes 1, 8 through
apertures 9, 10 in the conductors | and 2. Fins
{1 are provided to reduce the gaps between the
conductors at the apertures. The electrons are
modulated in velocity in passing the gaps between
the conductors and then pass into the field of a
grid 12 beyond which is a collecting electrode 13.

The resonatcer may have an open end at the
point where the beam passes through it, or it may
be closed at both ends, and in that case the beam
must pass through it at one-quarter of a wave-~
length from the end. The gap between the inner
and outer conductors at the apertures must-be
small so that the transit time across the gap is
small compared with a period of the oscillation
applied to the resonator. The diameter of the
inner rod is such that the transit time of elec-
trons passing through this rod is an odd number
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of half periods of the frequency to be detected.
Then electrons accelerated in the first gap are
again accelerated in the second gap and electrons
retarded in the first gap are retarded in the second
gap. :
On 1nvest1gatmg the collector current depend-
ence upon the grid potentidl when no modulation

is applied to the resonator, a curve 14 of the type. .
shown in Fig, 3 of the accompanying drawings,

which was obtained in a parficular ¢ase, is 0b-
tained.

Now suppose that the grid potential is adJusted
to the point of maximum eurVatiiré ef the above .
characteristic curve, and that tl&e ‘beant is veloeity

modulated by & signal applied to the resonator,
then electrons arriving at the. grid have potentials
varying sinusoidally about the grid péotentxal and
it is clear that a rectified current will figiw to the
collector, the action of the system being anal-
cgous to that of an ancde bend detector,
. The- -design of the grid -and collector system is
such as.to thakKe either. the lower .or upbér Bend
of the charactenstlc as sharp s p0551ble ‘The
'addltlon of other gr1ds for screenmg or suppfess~
ing: secondaly emlssmn may be desirable.- .
_'T'he apparatus may also be used for the detec-
t10n of . modul ated waves of very hlgh frequency
if the grid 2 and the collecting electiode 13 ate
connected together or if the .grid 12 is omitted.
The apparatus then consrsts essentlally of an
electron gun, means “for velomty modulatmg the
electron beam and a single co}lectmg eléctrode.
It has been found that the collector current .col-
lector voltage -curve is then sxmllar to tne curve
of Fig. 3 and by biassing the eollectmg ‘electrode
to worken a beint en the. bend of the curve detec-
tlon may be obtamed ih a manner sxmllar to that
alrea,dy descrlbed This arrangement svﬁers,
however from the dzsadvantage that on account
-0f the varying voltage drop across.. the -external
load ampedance resultmg from varlatlon of the
output current the bias voltage on the. ool}ectmg
electrode :varies-and. may. give nse to d1stortron
"The theory of the tr1ode-ranode ‘bend or square

law detector shows that the amphtude ‘of the -

audio frequency output can be mcrea,sed by super—
posmg on the | moommg Thodulated. carrier wave,
an \addltxona'l or local cafrier frequency voltage
m: nhase with 1t This process has been found
dlfﬁcult to apply in practlce owmg to the dlﬂiculty
of: eﬁectmg exact synehromsatron The. pr1nc1ple
¢an, however, be applied with the apparatus pre-
v1ous]y descrlbed smce the tube 1tse1f can e
arrang

fre uency, wlnch are necessanly in synchromsm
w1th the 1h'c'o'fmng high's frequency waves. A part
of the electrons Will be reflected by the gr1d (or
in the" -case where The grld is ormtted by the col-
lectmg eleétrode) and if the spacmgs of ‘the elec-
trodes and ‘the potentlals apphed to them are
such that the trans1t tlme of these reﬂected €lec-~
trons in travellmg from the resonator 1o the grxd
(or collectmg electrode) and back again to the
resonator is n+1/2 penods -of the recelved ‘carrier

frequency, oscxllatmns will be set up in the reso~ g

nater - at that frequency For fixed -electrode
spacmgs the frequency of oscillation ‘may be
varied over a substantial range by adjustment of
the potentials. .

“Thus the voltage variation -on the resonator at
the point-where the electron beam ‘passes through
it can be augmented by & voltage of the same
frequency-and in phase with the incoming ‘carrier
veltage. This will -result in an mcreased audio
freqguency -output.
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Further modifications within the scope of the
appended claims will readily occur to those versed
in the art.
‘What is claimed is:
.. L. Arrangement for detecting modulated car-
r’wa,ves of ‘very high friequency ‘Corhprising an

electron discharge tube including an electrode sys-

tem for setting up an electron beam, a collector

“electrode and a grid electrode in the path of the

beam, teahs Tor maintaining the electrodes at

- §uch potentials that the operating condition of

the tube is at a - curved part of the grid-voltage

- collector-current -characteristic, means compris-
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carrier waves between said first-mentioned elec-

. trode system and said grid electrode for velocity
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‘modulatmg ‘tlectrons approaching the grid elec-

trode In accordance with the incoming modulated
high frequency waves, and an output circuit con-
nected to said collector electrode.

2. Arrangement for detectmg modulated -car-
rier waves. ‘of very hlgh frequeney comprising an
electron chschalge tube mcludmg an electrode
system for setting up- an electren -beam, a-¢ol-
lector eleetrode, means - for maintaining the elec-
trodes at-such potentlals that the.operating con-
dition-of the tube is at-g-curved part of the-col-
lecter- current celector-voltage characteristic,
means comprising -a device resonant at the fre- ,
queney -of -said carrier waves between said first-
mentioned - electrode ‘system -and <said - collector

.electrode for -velocity -medulating -electrons -gip-
.proachmg the -collector electrode ih accordance

with the -incoming modulated ‘high-frequency
waves, -and -an outpu crrcult connected to-said
collector electrode,

3. Electron discharge appa»zatus -comprising a
dength of -co-axial lie constituting 5 high=fre-
quency resonator, an ‘electrode system for direct-
ing -an electron beam through diametrie aper-
tures in the conductors of the co~axial line- ‘ata

4ield -antinede, -a collecting electrode in the beam

path-beyond the conductorsef the so-axial Jline,
a-grid ‘electrode interposed between ‘the co-axial
lineand the :collecting electrode, means formmiin-
taining the said ‘electrodes atsuch potentials that
the-operating condition of the tube iz at @ curved
part of the grid-voltage collector-current -char-
‘geteristie, and means for applying modulited
-carrier-waves to said resonator.

4. ‘Electron «disehatrge apparatus accordmg to
claim '3, ‘wherein the beam path 4s spaced :a ‘dis-
tance-of -one quarter waveléngth from a closed
end of the co-axial line. .- ..

5. Electron -dischiarge :-apparatus accotrding to
claim: 3, ‘wherein the beam mth is loeated gt an
open erdiof the-co-axial dine, -

6. Electron:-discharge apparatus ‘Becording to
olaim 3, wherein ‘the -dimension -along thée beam
Dath -of the -aperture in- the -inner ‘contuctor «of
the said coaxial-line issuch that for:a: ‘given beam
velocity the -tramsit - time “of electrons- passing
through 'said -aperture is-an odd mmumber 6f half
periods -of g ‘thosen natural frequency -of - the
resonator.

1. Electron- dlscharge ghparatus’ accordmg 1o
claim 3, whetein the gaps between the to<axial
conductors of said codxial litte @t the beam. aper-
ture are such thst for o given beam velocity the
transit ‘tinte across the ‘gaps’issmall ‘eompared
with the oscillation periad :of ‘a- ichiosen ~hatural
frequency .of thie resonstor, *Tins or prejections
being "provided : in the apertures to itntt the
lerigth of the gaps. o

~8. Electron - drscha:rge fa;oparatus‘ffacbordmg,rto
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claim 3, wherein means is provided for adjusting
the length of the said co-axial line resonator to
tune the resonator to the carrier-wave frequency.

9. Receiver for electromagnetic waves accord-

ing to claim 3, in which the spacing between said.

grid or collector electrode and said resonator is
such that for a given beam velocity the transit
time of electrons reflected from said grid or col-
lector electrode in travelling from resonator to
such electrode and back is an odd number of half
periods of the frequency of the incoming carrier
waves Whereby oscillations are produced in said
resonator at the frequency of said carrier waves.

STANLEY GORDON TOMLIN.
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