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1. 

This invention relates to apparatus for an 
plitude-modulating high-frequency oscillations 
and in particular oscillations having a wave 
length of the order of centimeters or lower. In 
order to amplitude-nodulate such high 
frequency oscillations it has been proposed to 
apply the oscillations and the modulating signals 
to the electrodes of a crystal or diode but owing 
to the low conversion conductance of such crys 
tals or diodes at ultra-high frequencies the ef 
ficiency of these devices when used as modular 
tors is very poor the depth of modulation be 
tween one per cent and five per cent in the case 
of a diode and up to about twenty per cent in the 
case of a crystal. 
The object of the present invention is to pro 

vide an improved apparatus for effecting ampli 
tude-modulation of high-frequency CScillations 
with a view to providing an apparatus in which 
the depth of modulation can be increased. 
According to the invention apparatus for ef 

fecting amplitude-modulation of high-frequency 
oscillations is provided comprising a resonator, 
maans for setting up high-frequency Oscillations 
in said resonator winch are generated externally 
of said resonator, means for generating a bean 
of electrons, means for causing Said beam to pass 
through said resonator, means for applying 
modulating signals to said electron beam so as 
to vary the bean current in accordance with 
Said Signals and thus to vary the damping of 
Said resonator and means for abstracting am 
plitude-modulated high-frequency oscillations 
from said resonator. 
The resonator may be of toroidal form similar 

to a resonator known as a rhumbatron and pron 
vided with a gap at its centre through which an 
electron beam is caused to pass and to be cola 
lected by a target electrode. It is found that on 
passing a modulated electron beam through such 
a resonator the latter is damped appreciably with 
the result that the oscillations set up in said 
resonator became amplitude-modulated in ac 
cordance with the modulation applied to the 
electron bean. With Such a construction it is 
found possible to obtain a depth of nodulation 
of up to 50 per cent. 

It may be mentioned that in British Patent 
No. 537,491 it has been proposed to employ in a 
single or double resonator apparatus utilising 
velocity modulation of electrons, an auxiliary 
electron beam which if modulated will afford a 
frequency modulation of the high-frequency out 
put in the case of a single resonator and in the 
case of a double resonator an amplitude modul 
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lation (owing to the detuning of one resonator 
with respect to the other) and probably combined 
with some degree of frequency modulation. The 
present invention distinguishes from this prior 
proposal in that the resonator does not employ 
velocity modulation and is fed with high-fre 
quency Oscillations which are generated inde 
pendently of the resonator. 

It is possible that, during operation of ap 
paratus according to the invention frequency 
nodulation may Occur in addition to the ampli 
tude-modulation and in order to overcome this 
defect another feature of the invention consists 
in employing a pair of resonators to the electron 
beams of which the modulating signals are ap 
plied in push-pull. Either of the outputs of ano 
plitude-modulated oscillations. from the resona 
tors may be employed and the other dissipated 
in a resistive load or, according to another feature 
of the invention, means may be provided for de 
laying the output from one of the resonators by 
One half period of the modulation frequency the 
tWO Outputs being then combined, 

in Order that the said invention may be clearly 
understood and readily Carried into effect, it 
will now be more fully described with reference 
to the accompanying drawings, in which: 

Figure 1 is a diagrammatic view of apparatus 
constructed in accordance with one embodiment 
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of the invention, and 
Figure 2 is a diagrammatic view of apparatus 

Constructed in accordance with the invention in 
which two resonators are employed in push-pull. 

Referring now to Figure 1 of the drawings, the 
modulating arrangement according to the inven 
tion comprises a hollow toroidal resonator 3 pro 
vided at its centre with a gap 4 through which 
a beam of electrons emanating from a cathode 
is caused to pass and to be collected by a target 

electrode 6. The cathode 5, the gap 3 of the 
resonator 3 and the target or collector electrode 
6 are enclosed in an evacuated envelope , the 
general construction of the device being similar 
to the known forms of high-frequency oscilla 
tors employing rhumbatrons. The high-fre 
quency oscillations to be modulated are fed into 
the resonator from an Oscillation generator in 
dicated at 8 which may comprise a klystron os 
cillator or a high-frequency oscillator of any 
Other form which is coupled to the resonator 3 
by a section of waveguide 9 or by a concentric 
line Coupling. 
The modulating signals are applied between the 

Cathode 5 and the resonator 3 so as to cause the 
modulating signals to vary the intensity of the 
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electron beam emanating from the cathode 5. 
As shown in the drawing, the reference numeral 
O indicates a source of modulating signals, the 

signals being applied between the cathode 5 and 
the resonator 3 via a transformer and a D. C. 
source of supply f5. In operating the device 
shown in Figure 1, the target or collectol elec 
trode 6 is maintained at a positive potential which 
may be the same potential as that applied to 
the resonator 3 for which purpose the target 

4. 
It is also necessary to ensure that the phases of 
the high-frequency oscillations at the point 
where the two lines 2 and 2a are connected are 
in the proper phase and to achieve this condition 
the length of line 2 may be made adjustable in 
length, exemplified in Figure 2 by a telescopic Sec 
tion 4, to enable the length of line 2 to be ad 

O 
electrode 6 can conveniently be connected to the 
resonator 3, as shown. The passage of an elec 
tron beam through the resonator 3 is found to 
effect considerable damping of the resonator 
which is of course tuned to the frequency of the 
oscillations fed thereto from the source 8, the 
degree of damping depending on the intensity 
of the electron beam passed therethrough and on 
the time of flight of the electrons in relation to 
the period of the oscillations. Thus, by modu 
lating the electron beam with the modulating 
signals the oscillations fed to the resonator 3 
from the source 8 are varied in amplitude in ac 
cordance with the modulating signals. An out 
put of amplitude-modulated oscillations can be 
obtained from the resonator 3 by an output cou 
pling 2 in the form of a waveguide or a con 
Centric line. It is found that in such an ar 
rangement a depth of modulation up to 50 per 
cent can be obtained which is a considerable im 
provement compared with the depth of modula 
tion obtained with the previously known arrange 
ments employing crystals or diodes. 
The arrangement described in Figure 1 has the 

disadvantage that the load applied to the source 
of oscillations 8 varies during modulation so that 
frequency-modulation may occur as well as am 
plitude-modulation unless sufficient attenuation 
is present between the source of oscillations and 
the modulator. In order to overcome this defect 
the arrangement shown in Figure 2 may be em 
ployed. In this construction, the source of oscilla 
tions 8 feeds a pair of resonators 3 and 3a each 
having cathodes and target (viz., collector) elec 
trodes similar to the construction described in 
Figure 1, the electron beams passing through 
the resonators 3 and 3a, however, being modulated 
in push-pull from the source of modulating sig 
nals 0. The outputs from the resonators 3 and 
3a in Figure 2 will be similar but in opposite phase 
and in using Such an arrangement the output 
from one of the resonators may be utilized while 
the output of the other resonator may be dissi 
pated in a resistive load. If, however, the modul 
lation-frequency is nearly constant it is possible, 
in accordance with a feature of the invention, to 
combine the outputs from the resonators 3 and . 
3a so avoiding Waste of power which occurs when 
it is necessary to dissipate one of the outputs in a 
resistive load. In order to combine the outputs of 
the resonators it is necessary to delay the output 
from one resonator by one half period of the 
modulation frequency so that the two outputs are 
then in suitable relation for additive combination. 
As shown in Figure 2 the outputs from the resona 
tors 3 and 3d are fed into lengths of coaxial line 
f2 and f2a, the line 2a being of such a length 
that the output from the resonator 3a is effect 
ively delayed by half a period of the modulation 
frequency. The extra length of line necessary 
to impart this delay is shown coiled in Figure 2. 
Any other suitable delay network may alterna 
tively be used. The inner conductors of the fines 
2 and 2a are connected together and terminate 
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justed for this purpose. 
It may be found desirable in designing resona 

tors for use in the invention for the gap, through 
which the electron beam passes, to have a width 
approximately twice that of the gap-size used in 
a rhumbatron oscillator, generating oscillations 
of a frequency corresponding to those of the 
source 8. 
Although the invention as described above is 

shown as applied to an electron discharge device, 
similar to a rhumbatron oscillator, it will be un 
derstood that the invention is not to be limited 
to such a discharge device since it can be applied 
to other, discharge devices in which an electron 
beam can be caused to damp a resonator. 

I claim: 
1. Apparatus for effecting amplitude-modula 

tion of high-frequency oscillations comprising a 
pair of cavity resonators, means for Setting up 
high-frequency oscillations in said resonators 
which are generated externally of said resonator, 
means for generating beams of electrons, means 
for causing a beam of electrons to pass through 
the interior of each resonator, means for apply 
ing modulating signals in push-pull to the elec 
tron beams of Said resonators So as to vary a 
characteristic of the beams in accordance with 
said signals and thus to vary the damping of 
said resonators, and means for abstracting ampli 
tude-modulated high-frequency oscillations from 
one or both of said resonators. 

2. Apparatus according to claim 1 wherein 
means are provided for delaying the amplitude 
modulated output from one of said resonators 
by one half a period of the modulation frequency 
and means for combining the delayed output and 
the amplitude-modulated output from the other 
resonator. 

3. A modulation system comprising a cavity 
resonator having a pair of oppositely disposed 
walls separated by a gap, a high frequency os 
cillation generator coupled to the interior of said 
resonator for setting up high frequency oscilla 
tions in Said resonator, a cathode located exter 
nally of said resonator on One side of said gap, and 
in the same straight line with said gap, an elec 
tron collector electrode located externally of said. 
resonator on the other side of said gap and also 
on the same straight line with said gap, whereby 
electrons emanating from said cathode and pass 
ing through the interior of said resonator are 
collected by said collector electrode, a direct con 
nection between said resonator and said collector 
electrode, whereby said resonator and collector 
are maintained at the same potential, an induct 
ance coil in circuit With said cathode, means for 
applying modulation potentials to Said coil, and 
an output circuit coupled to said resonator in the 
interior thereof. 

4. A modulation System comprising a cavity 
resonator having a pair of oppositely disposed 
Walls separated by a gap, a high frequency Oscilla 
tion generator coupled to the interior of said 
resonator for setting up high frequency oscilla 
tions in said resonator, a cathode located exter 
nally of Said resonator on one side of said gap and 
in the same Straight line with said gap, an elec 
tron collector electrode located externally of said in a loop 3 which can be coupled to the load. 75 resonator on the other side of said gap and also 
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on the same straight line with said gap, whereby 
electrons emanating from said cathode and paSS 
ing through the interior of said resonator are 
collected by said collector electrode, a direct con 
nection between said resonator and said collector 
electrode, whereby said resonator and collector 
are maintained at the same potential, an induct 
ance coil in series with a source of unidirectional 
potential in circuit with said cathode, the positive 
terminal of said source being connected to said 
resonator while the negative terminal of said 
Source is connected to Said Cathode, means for ap 
plying modulation potentials to said coil, and an 
output circuit coupled to said resonator in the 
interior thereof. 

5. A modulation System comprising a cavity 
resonator having a pair of oppositely disposed 
walls separated by a gap, a high frequency oscil 
lation generator coupled to the interior of said 
resonator for setting up high frequency Oscilla 
tions in said resonator, a cathode located exter 
nally of said resonator on one side of Said gap, an 
electron collector electrode located externally of 

6 
said resonator on the other side of said gap, a 
connection between said resonator and said coi 
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lector electrode, the series circuit of a source of 
unidirectional potential and an inductance coil 
connected to said cathode, means for applying 
modulating signals to said coil and means for de 
riving energy from the interior of said resonator. 
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