


Patented May 27, 1947 2,421,043 

UNITED STATES PATENT OFFICE 
DETECTOR OF MODULATED CARRIER 

FREQUENCES 
Stanley Gordon Tomlin, London W. C. 2, Eng 

land, assignor to Standard Telephones and 
Cables Limited, London, England, a British 
company 

Application September 9, 1942, Serial No. 457,800 
In Great Britain June 28, 1940 

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 
WaWes. 
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 a C 
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-Woltage 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 a 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 detection of modulated high 
frequency waves, includes means for applying 
the modulated waves to the resonator, the reso 
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nator having a 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 

Fig. 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 
and 2 form a resonator of adjustable length. 

A co-axial line 3, 4 terminating in a loop 5 serves 
to feed incoming waves to the resonator. Elec 
trons from a cathode 6 are projected in a beam by 
focussing and accelerating electrodes 7, 8 through 
apertures 9, ?o in the conductors and 2. Fins 

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 2 beyond which is a collecting electrode f3. 
The resonator 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 



3. 
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 
ga). . . . . . . . -- 

on investigating the collector current depend 
ence upon the grid potential when no modulation 
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is applied to the resonator, a curve 4 of the type, , 
shown in Fig. 3 of the accompanying drawings, 
which was obtained in a particular ?ase, is 65 
tained. 
Now suppose that the grid potential is adjusted 

to the point of maximum curvature of the above. 
characteristic curve, and that the beam is velocity 
modulated by a signal applied to the resonator, 
then electrons arriving at the grid have potentials 
varying sinusoidally about the grid potential and 
it is clear that a rectified current will flow to the 
collector, the action of the system being anal 
ogous to that of an anode bend detector. 
The design of the grid and collector system is 

such as to make either the lower or upper bend 
of the characteristic as sharp as possible. The 
addition of other grids for screening-or suppress 
ing secondary emission may be desirable. 
The apparatus may also be used for the detec 

tion of modulated waves of very high frequency 
if the grid f2 and the collecting electrode 3 are 
connected together or if the grid 2 is omitted. 
The apparatus then consists essentially of an 
electron gun, means for velocity modulating the 
electron beam and a single collecting electrode. 
It has been found that the collector-current col lector-voltage curve is then similar to the curve 
of Fig. 3 and by biassing the collecting electrode 
to work on a point on the bend of the curve detec 
tion may be obtained in a manner similar to that 
already described. This arrangement suffers, 
however, from the disadvantage that on account 
of the varying voltage drop across the external 
load impedance resulting from variation of the 
output current, the bias voltage on the collecting 
electrode varies and may give rise to distortion. 
The theory. of the triode-anode bend or square 

law detector shows that the amplitude of the - 
audio frequency output can be increased by super 
posing on the incoming modulated carrier wave, 
an additional or local carrier frequency voltage 
in phase with it. This process has been found 
difficut to apply in practice owing to the difficulty 
of effecting exact synchronisation. The principle 
can, however, be applied with the apparatus pre 
viously described, since the tube, itself can be arranged to produce oscillations of the required 
freeiuency, which are necessarily in synchronism 
with the incoming high frequency waves. A part 
of the electrons will be reflected by the grid (or 
in the case where the grid is omitted by the col lecting electrode), and if the spacings of the elec 
trodes and the potentials applied to them are 
such that the transit time of these reflected elec: 
trons in travelling from the resonator to the grid 
(or collecting electrode) and back again to the 
resonator is mily, periods of the received carrier 
frequency, oscillations will be set up in the reso 
nator at that frequency. For fixed electrode 
spacings 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 a voltage of the same 
frequency and in phase with the incoming carrier 
voltage. This will result in an increased audio 
frequency output. - 

4. 
Further modifications within the scope of the 

appended claims will readily occur to those versed 
in the art. 
What is claimed is: 

... 1. Arrangement for detecting modulated car 
rier waves of very high frequency ceinprising 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, means for maintaining the electrodes at 
such potentials that the operating condition of 
the tube is at a curved part of the grid-Voltage 
collector-current characteristic, means compris 
ing a device resonant at the frequency of said 
carrier Waves between said first-mentioned elec 
trode system and said grid electrode for velocity 
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fnodulating electrons 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 detecting modulated car 
rier waves of very high-frequency comprising an 
electron discharge tube including an electrode 
system for setting up an electrea beam, a col 
lector electrode, means for maintaining the elec 
trodes at such potentials that the operating con 
dition of the tube is at a curved part of the eol 
lector-current collector-voltage characteristic, 
means comprising a device resonant at the fre 
quency of said carrier waves between said first 
maerationed electrode systern and said collector 
electrode for Velocity naodulating electrons ap 
proaching the collector electrode in accordance 
With the incoming modulated high-freeuency 
waves, and all output circuit connected to said 
collector electrode. 

3. Electron discharge apparatas' comprising a 
length of "co-axial line constituting a high-fre 
quency resonator, an electrode system for direct 
ing an electron beam through diametric aper 
tules in the conductors of the co-axial line" at a 
field antinode, a collecting electrode in the beam 
path beyond the conductors of the co-axial line, 
a grid electrode interposed between the co-axial 
line and the collecting electrode, means for inain 
taining the said 'electrodes at such potentials that 
the operating cohdition of the tube is at a curved 
part of the grid-Voltage collector-current chare 
acteristic, and means for applying modulated 
-carrier waves to said resonator. 

4. Electron discharge apparatus according to 
claim 3, wherein the beam path is spaced a dis 
tance of 'one quarter wavelength from a closed 
end of the co-axial line. . . . . 

5. Electron discharge; apparatus according to 
claim 3, wherein the beam path is located at an 
open end of the co-axial line. 

6. Electron: discharge apparatus according to 
claim 3, wherein the dirnension along the beam 
path of the aperture in the inner conductor of 
the said coaxial irre is Such that for a given beam 
Welocity the transit time of electrons passing 
through said aperture is an odd number of half 
periods of: a chosen natural frequency of: the 
reSOnator. . . . . 

7. Electron discharge apparatus according to 
Claim 3, Wherein the gaps between the co-axial 
conductors of said coaxial life at the beam aper 
ture are such that for a given beam velocity the 
transit time across the gaps is Small compared 
with the OScillation period of a chosen -inatural 
frequency of the resonator, ins or projections 
being provided in the apertires to ... ifiat the 
enigth of the gaps. . . . . . -- 
8. Electron "discharge apparatus actording to 

  



S 
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. 
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