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3 Claims,
1

This invention rélates to modulating systems
atid pafticularly to a system of this character
capable of being operated at a high efficiency
which is substantially independent of the per-
cenitagé of signal modulation.

Acdording to conventional practice, a frequently
employed means for modulating a carrier wave
in amplitudé in accordance with a modulating
signal comiprisés an electronic device having in-
chided in the output circuit thereof a tuned nei-
work which is resonant at the frequency of the
corrier wave. Energy varying in amplitude in
accordancé with the modulating signal is ap-
plied to the input circuit of the device periodi-
cally to control an electren flow in the device.
In this manner pulsating energy, varying in mag-
nitude in sccordanée with the modulating signal,
is supplied to the tuned output circuit.

One such devicé of this cliaracter is 4 grid-
medulated power amplifier arranged for so-
called class C operation. The input circuit of tlie
griplifier tube is coupléd to a carrier wave gen-
efator fof eXcitation thereby. The input circuit
also is provided with & relatively large negative
Lias o that arnode current fiows only during pre-
determinied portions of the alternating current
eyéles of the carrier wave. The time during
which the anode current flows is controlled by
the strength of the modulating signal. It is well
Erown that the tinte duting which plate current
is allowed to flow corresponds to the time when
thé plate veltage is at a low positive value. Af
this time the voltage drop across the tube also
i§ low §6 that the largest portion of the energy
which i§ delivered to the amplifier will be ab-
sorbed by the funed output circuit thereof. The
femainder of the energy is dissipated at the
anode of the tube. Consequently, such a device
is capable of operation at a relatively high effi~
ciency.

However, in the conventional arrangements of
this type hoth the phase-opposed grid and plate
volsages and, cohsequently, the in-phdse grid and
platé currents vary substantially sinusoidally.
The result of such an arrangement is that, at
the instant that the grid voltage is incredsed
gufficiently to effect a flow of plate current, the
platé voltage i§ considerably more positive than
it§ mininym valile which is réached later in the
eyele. Consequeritly, the plate current which
flows &t this instant does so at a greater plate
voltage than the platé current which flows later
in the cycle at the time of mihimum plate voli-
#ge. It is evident, therefore, that the ratio of
the enefegy which must be dissipated at the plate
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of the tube with respect to the energy delivered
to the cutput circuit varies in accordance with
the time of its occurrence in the alternating
current cycle and also varies in accordance with
the amplitude of the modulating signal. In
other words, thete is inherent in such an arrange-
ment a variation in efficiency of the device de-
pending upon the percentage of carrier riodula-
tion.

Tt is well known in the art, however, that the
maximum plate efficiency of a class C amplifier
theoretically can be made to approach 100% if
the time duration of the plate current flow Is
made exceedingly small so that it oceurs, only
at the instant that the plate voltage is a minimum.
In order to make the time interval during which
plate current is ailowed to flow eXceedingly
smiall, when sinusoidaily varying grid voltages are
employed, it is niecessary to bias the input circuif
of the tube sufficiently hegative so that only the
peaks of the grid voltage wave effect the flow of
plate current in the tube. Obviously, such an
arrangement decreases the input power to the
tube with the conseéquent decrease in the output
power. The result of such an arrangement is
that, even though the device is capable of being
operated at an extremely high efficiency, the
powet which it is possible to derive from the
output circuit is so small that it has substantially
no practical value. Therefore, it has been the
practice heretofore to effect a compromise be-
tween high operating efficiency and high power
ocutput.

It is an ekject of the present invention, there-
fore, to provide a novel arrangement for modulat-
ing a power amplifier, whereby to effect a sub-
stantial increase in the operating efficiency
thereof without sacrificing any of the output
DOWeTr.

It is another object of the invention to provide
5 modulating arrangement for a power amplifier,
whereby the amplifier may be operated at a
relatively high efficiency which is substantially
independent of the percentage of modulation.

Still another object of the invention is to pro-
vide a modulating arrangement for a power am-
plifier in which the cutput energy thereof is varied
only in accordance with the time duration of
signal-modulated variable width impulses and,
within limits, is independent of the amplitude of
the impulses.

A further obiect of the inventicn is to provide
5 modulating system in which a novel excitation
means is eniployed to produce output circuit cur-
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rents of substantially constant values, irrespec-
tive of the percentage of signal modulation.

A still further object of the invention is to
provide, in a medulating system, means for pro-
ducing substantially constant peak values of both
output circuit voltage and current, irrespective
of the percentage of signal modulation.

Another object of the invention is to provide, in
a modulating system, novel means for generating
impulses having widths variable in accordance
with a modulating signal.

Another object of the invention is to provide a
novel method of signal-modulating s carrier wave
by variable width impulses, whereby to obtain
high power output at high operating efficiency.

In accordance with the present invention, there
is provided an electronic device having an ou-
put electrode connected to a circuit which is
tuned to the carrier frequency. Means are pro-
vided for exciting the device by impulses having
variable time durations representative of the in-
telligence signals by which it is desired to modu-
late the carrier wave. Preferably, the exciting
impulses are generated in a manner to impart
thereto wave forms which are substantially rec-
tangular. Such g system is susceptible of opera-
tion in a manner, whereby current flow in the
electronic device occurs only when the voltage of
the output electrode is at a minimum value.

In accordance with one of the illustrative em-
bodiments of the invention, there is provided an
electronic class C power amplifier, the anode of
which is connected to an output circuit having a
single resonant network tuned to the frequency
of the carrier wave which it is desired to modu-
late. The variable width exciting impulses are
generated at the carrier frequency, which in this
embodiment is of relatively low frequency, that
is, not exceeding two megacycles. The wave shape
of the output circuit voltage in this case is sub-
stantially sinusoidal.

In accordance with the other illustrative em-
bodiment of the invention, there is provided an
electron multiplier as the signal-modulated power
amplifier. The output electrode of the multiplier
is connected in cireuit with a plurality of resonant
networks, one of which is tuned to the funda-
menta] carrier wave frequiency, and the others
of which are tuned, respectively, to harmonics of
the carrier wave frequency. The wave form of
the output circuit voltage can be made to approxi-
mate a rectangular form by the employment of
the harmonically tuned resonant output networks.
The exciting rectangular wave form impulses are

" generated by the deflection of an electron beam
over g multi-apertured electrode placed between
the electron source and the initial stage of the
electron multiplier. The apertures of the elec-
trode are formed in such a manner that the elec-
tron beam is alternately intercepted and trans-
mitted to the multiplier. Depending upon the
amplitude of the beam deflection, the relative
times of the beam interception and transmission
are controlled to vary the time durations or the
widths of the rectangularly shaped impulses gen-
erated thereby. The modulating signal is em-
ployed to control the amplitude of the electron
beam deflection. In operation, the maximum

. frequency obtainable is limited only by the in-
herent limitations of the electron multiplier.

For g better understanding of the invention,
together with other and further objects thereof,

- reference is had to the following description, taken

" In connection with the accompanying drawings,
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and its scope will be pointed out in the appended
claims.

In the accompanying drawings:

Fig, 1 is a circuit diagram of one embodiment
of the invention capable of operation at relatively
low frequencies;

Fig. 2 illustrates the modulation of the gen-
erated carrier frequency wave in accordance with
a modulating signal, as produced by the appara-
tus of Fig. 1;

Fig. 3 shows typical amplifier exciting impulses
generated by the apparatus of Fig, 1;

Fig. 4 is a group of curves illustrating the mode
of operation of the apparatus of Fig. 1;

Fig, 5 illustrates an embodiment of the inven-
tion employing s novel impulse generating ap-
paratus and capable of operation at relatively high
frequencies;

Fig. 6 is a view, to an enlarged scale, of the
electrode of Fig. 5 by means of which the variable
width impulses are generated.

Fig. 7 is a developed view of the electrode of Fig,
6 showing the manner of electron beam deflection
over the apertures thereof;

Fig. 8 illustrates the wave form of the elec-
tronic current generated by the apparatus of
Fig. 5; and

Fig. 9 is a group of curves illustrating the mode
of operation of the apparatus of Fig. 5.

Referring now more particularly to Fig. 1 of
the drawings, a source of radio frequency waves
11 is connected to the primary winding 2 of a
coupling transformer of which a winding 3 is the
secondary. The radio frequency source may be
conventional and develops an alternating current
at the desired radio frequency having any prede-
termined wave form. As used in this embodiment
of the invention a triangular wave form is pre-
ferred, although it will be obvious that the in-
vention is not necessarily limited to such gz wave
form. There also is provided g source {4 of a
modulating signal which likewise may be con-
ventional. The modulating signal voltage is de-
veloped across a resistor 15.

A mixer tube 1§, which preferably is a pentede
is provided for combining the modulating signal
with the radio frequency wave in a predetermined
manner. For this purpose the secondary winding
13 is connected to the control grid {7 and the
resistor 15 is connected to the screen grid 18 of
the mixer tube. The cathode of the tube is con-
nected to ground through g resistor {9 with which
there is connected in parallel a by-pass con-
denser 2. The suppressor grid 22 of the mixer
tube is connected directly to ground. The anode
of this tube is connected through an outpub re-
sistor 28 to the positive terminal of a battery 24
of which the negative terminal is connected to
ground.

The output circuit of the mixer tube 1§ is
coupled to a diode 25 by means of a connection
from the anode of the mixer tube to the cathode
of the diode. The anode of the diode is connected
to ground through g series arrangement of a re-
sistor 26 and a negative biasing battery 21.

The output circuit from the anode of the diode
25 is coupled by means of a condenser 28 to the
control grid 29 of an amplifier tube 21 which may
be a pentode, as illustrated. The control grid of
this tube also is connected through a grid leak
resistor 32 to ground. The screen grid 23 of the
amplifier tube is connected to an intermediate
point on the battery 24. The suppressor grid 34
is connected to the cathode of the amplifier tube,
which in turn is connected to ground through a
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resistor 85 with which there is connected in par-
allel a by-pass condenser 36. The anode of the
amplifier tube is connected through an output
load resistor 87 to the positive terminal of the bat-
tery 24. The parameters of the amplifier tube
circuits are adjusted so that the tube operates
with a large amplification factor.

The output circuit of the amplifier tube 31 is
coupled by means of a condenser 38 to the con-
trol grid of a clipper or limiter tube 39 which may
be a triode, as illustrated. The control grid of the
limiter tube also is connected to ground through
a grid leak resistor 41. 'The cathode of the limiter
tube is connected to ground through a resistor
42 with which there is connected in parallel a by-
pass condenser 43. The anode of the limiter
tube is connected through an output load resistor
&4 to the positive terminal of the battery 24, The
parameters of the circuits associated with this

tube are adjusted so that the tube is operated, :

during substantially the entire time that space
current is allowed to flow, in the saturation
region.

The output circuit of the limiter tube 39 is

coupled by means of a condenser 45 o the control ©

grid of a power amplifier tube 46 which, as illus-
trated, may be a triode. The control grid of the
power amplifier tube also is connected to ground
through a series arrangement of a resistor 47
and a negative biasing bhattery &8.
of the power amplifier tube is connected through
3 parallel resonant circuit 49 comprising an in-
duector 59 and a condenser 5i to the positive ter-
minal of the battery 24. A coil 52, inductively
arranged with respect to the inductor 50, serves
to couple the output circuit of the power amplifier
tube to the output load circuit terminals 53. The
voltage of the biasing battery 48 is selected for a
value, whereby the power amplifier tube is ar-
ranged for so-called class C operation. The par-
allel resonant circuit 49 is tuned to the frequency
of the radio frequency wave generated by the
source I1.

In the following description of the operation
of the embodiment of the invention shown in
g, 1, reference to the curves of Figs. 2 and 3 will
be made for explanaiory purposes. Each half
cycle of the alternating current wave generated
by the source {1 and appearing in the secondary
transformer winding {3 has a triangular form as
llnstrated by any of the half cycles of the curve 54
of Fig. 2. The generated wave is unmodulated so
that the peak values of all half cycles of like
polarity are equal. Also, the wave form of the
voltage developed in resistor 18 of Fig. 1 may be
as represented by the curve 55 of Fig. 2, it being
assumed that a sinusoidal modulating signal is
employed. By reason of the mixing of these two
waves in the tube 16, the voltage developed in the
output resistor 23 has the wave form and fre-
quency of the generated radio frequency wave
and is superimposed upon the modulating volt-
age wave 55 of Fig. 2 so that the output voltage
envelope conforms to the wave shape of the
modulated voltage. The envelobe of the curve
55 of Fig. 2 illustrates this condition.

The mixed voltage wave is impressed upon the
diode 25 which, because of the negative biasing
by battery 27, is rendered conducting for only
those half cycles of the signal-modulated alter-
nating current wave which exceed a predeter-
mined value. Thus, in Fig. 2 the diode is con-
ducting for those half cyeles of the alternating
current wave which exceed in amplitude the volt-
age represented by the line 56. 'The line 57 repre-
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sents the average value of the radio frequency
wave which, as indicated, is considerably more
negative than the threshold voltage of the diode
represented by the line 56.

Consequently, only those portions of the posi-
tive half cycles of the alternating current wave
B4 which are represented above the line 6§ are
utilized to develop voltages in the output circuit
of the diode 25. It is readily apparent that the
amplitudes of these voltages vary in ‘accordance
with the percentage of signal modulation, How-
ever, as will appear subsequently, the varying
amplitude of the voltage impulses appearing in
the output circuit of the diode is of no conse-

5 quence in the operation of this system. Further-

more, it will be noted that the base portions of
the impulses 58 vary in accordance with the per-
centage of signal modulation. Since the bases
of these impulses are on the time axis of the
curves, the widths of the bases are measures of
different time durations which, as illustrated,
vary in accordance with the modulating signal.

The triangular shaped impulses 58 are greatly
amplified by the amplifier tube 31, whereby the
relative steepness of the leading and tralling
edges thereof is increased sufficiently so that these
edges are substantially parallel to one another
and perpendicular to the horizontal base line.

When these greatly amplified impulses of vary-
ing time gurations are impressed upon the limifer
tube 39, the space current in this tube is soon
driven beyond the point of saturation. The re-
sult of this type of operation is that all of the
impulses sre limited to the same amplitude.
Thus, in the output eircuit of the limiter tube 39,
there is produced a series of impulses having sub-
stantially rectangular wave forms as illustrated
by the impulses 59 of Fig. 3. Although similar in
wave form and in amplitude the impulses 58 differ
from one another in their widths or time dura-
tions. It may be seen, by comparing the widths
of the impulses of Fig. 3 with the base widths of
the corresponding impulses 58 on the line 56 of
Tig. 2, that they are identical. These base widths
or time durations of the impulses 59 vary in ac-
cordance with the modulating signal and the im-
pulses have a periodicity equal to that of the car-
rier wave from which they are derived.

The manner in which these impulses are em-
ployed to contrel the power amplifier including
the tube 48 will be described in connection with
Pig. 4 of the drawings. As in any class C power
amplifier, the conduction of space current in the
tube is arranged to coincide with the time during
which the anode potential is in its least positive
region. The current conduction in the tube is in
the form of a series of impulses having time dura-
tions of less than 180° of an alternating current
cycle of amplifier operation. The magnitude of
the space current in the tube 46 at any instant is
determined by the combined anode and grid pe-
tentials at that instant. The anode potential of
the tube varies sinusoidally and its amplitude
corresponds to the amplitude of the modulating
signal as will be demonstrated presently. In dis-
tinetion to conventional class C amplifiers where
the periodic grid potentials to effect conduction
in the tube also vary in accordance with the mod-
ulating signal, the corresponding grid potentials
in a device according to the present invention are
maintained substantially constant, as indicated
by the uniform amplituds of the rectangular im-
pulses of the curve §2 of Fig. 4. These impulses
may be generated in the manner described and are
the equivalents of the impulses 59 of Fig. 3. The
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amplitude is sufficient to produce saturated space
current in the tube for all values of the anode po~
tential, Consequently, the space current in the
tube 48 does not vary in its instantaneous mag-
nifude in accordance with variations of the anode
potential during the period when the tube is per-
mitted to conduct. The space current impulses
in the tube are indicated by the curve 63 of Fig. 4.

In the transformation of direct current power
derived from the battery 24 into alternating cur-
rent power varying in magnitude in accordance
with the modulated signal, there is delivered to
the amplifier at any instant power or energy de-
rived from the battery which is the product of the
instantaneous space current in the tube 4§ and
the voltage of the battery 24. Since the battery
voltage and the space current amplitude are con-
stant, the power delivered to the amplifier varies
in correspondence with variations of the time
duration of the space current flow in the amplifier
tube. The curve §4 of Fig. 4 represents variations
in the energy delivered to the amplifier as the am-
plitude of the modulating signa] changes.

The energy delivered to the amplifier ig di-
vided between the resonant circuit 49 and the tube
48. 'The portion which is delivered to the tube
at any instant is equal to the product of the in-
stantaneous space current in the tube and the
instantaneous anode voltage. This portion of the
energy is dissipated in the form of heat at the
anede of the tube and represents a loss. The por-
tion of the energy delivered to the amplifier which
is absorbed by the resonant circuit 49 serves to
sustain - sinusoidal oscillations in this ecireuit.
Since this circuit is tuned to the particular radio
frequency at which the device is required to op~
erate the circuit acts as a resistance at this fre-
quency. Consequently, any variation in the power
delivered to the resonant circuit 49 effects g cor-
responding variation in the voltage drop across
the circuit and in the current circulating therein.
These voltage and current variations are trans-
ferred to the output circuit terminals 53 by means
of the inductive coupling between the inductors
80 and §2.

For a more detailed description of the opera-
tion of this embodiment of the invention, assume
that in Fig. 4 during the first illustrated cycle of
the anode potential voltage curve 61, a voltage
impulse 65 of minimum width or time duration
is applied to the grid of the tube 46. It is as-
sumed that such an impulse corresponds to a
modulating signal voltage of minimum ampli.
tude. During the time that the tube 46 is con-
ditioned for conduction under the control of the
impulse 65, the space current flowing therein is
represented by the rectangular impulse 85 of
curve 63. The power which is delivered to the
amplifier during the relatively short conduction
period of the tube 46 is represented by the rec-
tangular impulse 87 of the curve 64, The shaded
portion of the impulse 67 represents the energy
lost by dissipation at the anode of the amplifier
tube and the unshaded portion represents the
useful power absorbed by the resonant circuit 48,
If it be assumed that the magnitude of the useful
power is just sufficient to maintain the voltage
and current amplitudes in this circuit at the same
level as in the alternating current cycle under
discussion, then these voltage and current ampli-
tudes during the succeeding alternating current
cycle will be of equal magnitude. This is illus~
trated by the curve 61 wherein the first two alter-
nating current cycles are of equal amplitude.

Assume that during the second alternating cur-
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rent cycle an impulsive voltage represented by
the rectangular voltage impulse 68 of curve 62
is impressed upon the grid of the tube 46. 'The
amplitude of this impuise is the same as that of
the impulse 65 but the width or time duration
thereof is greater. Consequently, the tube is per-
mitted to conduct space current for a longer time
than during the preceding alternating current
cycle. However, since the tube is operated in the
anode current saturation region, the anode cur-
rent represented by the rectangular impulse 69 of
the curve 83 is of substantially the same ampli-
tude as the rectangular impulse 85 but is of longer
duration by the difference in time durations of
the grid voltage impulses 65 and §8. Similarly,
the energy impulse 71 of curve 64 is of the same
amglitude but is of greafer width than the pre-
ceding energy impulse §7. It is clear that, in the
second case, there is a greater amount of energy
delivered to the amplifier than in the case of the
preceding cycle. Inasmuch as the space current
in the tube is permitted to flow while the anode
potential is slightly greater at the beginning and
end of the conducting period than during the
preceding cycle, the energy dissipated at the
anode of the tube may be slightly greater than in
the first case as shown by the shaded portion of
the impulse 7{. However, the useful energy
available for absorption by the resonant circuit
49 also is greater as represented by the unshaded
portion of the impulse 7f. Since the impedance
of the resonant circuit is unchanged, the delivery
of additional energy to this circuit effects a cor-
responding increase in the amplitude of the volt-
age and current thereof.

Consequently, during the third alternating cur-
rent cycle, the amplitude of the anode voltage of
the tube 46 is greater than in the two preceding
cycles. This condition is represented by the third
cycle of curve 61 of Fig. 4. If, during the third
cycle, a voltage represented by the impulse 72 of
even greater width is impressed upon the grid of
the tube 46, a space current represented by the
impulse 13 is permitted to flow in the tube. It
is noted that the width or time duration of this
space current impulse is greater than either of
the impulses 66 or 65. The power developed is
represented by the impulse 74, in which the pro-
portion of the total lost by dissipation at the tube
anode and represented by the shaded portion of
the impulse 74 is less than in the preceding cycle
since the anode current conduction is effected at
a lower anode voltage. Hence, an increased pro-
pertional amount of energy is available for ab-
sorption by the resonant circuit 49 as indicated
by the unshaded portion of the impulse 74. A
still further increase in the amplitude of the volt-
age and current in the resonant circuit 49 thereby
is effected.

This further increase in the amplitude of the
voltage and current in the resonant cireuit is
illustrated in the fourth alternating current cycle
of the curve 64. If, now, during the least positive
half cycle of this portion of the anode voltage a
further increase in the magnitude of the modu-
lating signal is effected, the representative grid
voltage is illustrated by the rectangular impulse
15 of the curve 62. The increased width of the
grid current impulsive voltage produces an anode
current of corresponding width or time duration
a5 represented by the rectangular impulse 76 of
the curve 63. The rectangular impulse 771 of
curve §4 represents the additional power or energy
delivered to the amplifier. Tt will be noted that
the energy for absorption by the resonant circuit
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48 represented by the unshaded portion of the
impulse 11 is greater in magnitude than the un-
shaded portion of the rectangular impulse 14.
Consequently, the amplitude of the voltage and
current in the resonant circuit during the follow-
ing or fifth alternating current cycle (not shown)
will be greater than in any of the other preceding
cycles. The energy which is dissipated at the
anode of the tube 46 is represented by the shaded
portion of the impulse 71. Again, it is noted that
the ratio of the useful energy to the total energy
delivered to the amplifier is greater than in the
instance of the preceding alternating current
cycle. In other words, the efficiency of the device
is still further increased.

In the operation of a device of the character
described the optimum angle of operation (pulse
width in degrees of one alternating current eycle)
for the grid to produce maximum efficiency is
established initially. Then by decreasing this
angle of operation in accordance with a modu-
Iating signal there is effected a corresponding de-
crease in the power available for absorption by
the resonant output circuit of the amplifier.
This variation of the power output of the ampli-
fier effects an amplitude modulation of a carrier
wave substantially as outlined in the foregoing
description.

An embodiment of the invention capable of
operating at relatively high frequencies in excess
of two megacycles is illustrated diagrammatically
in Fig. 5, to which reference now will be made.
The impulse generation and modulation, together
with the amplification thereof may be accom-
plished in a single electronic device of novel
construction. Such a device is enclosed within
an evacuated envelope 8i. In one end of the
envelope there is provided an electron emitting
cathode 82 and a conical or otherwise suitably
shaped beam-forming electrode 83. The beam
so formed is directed between a pair of horizontal
deflecting plates 84 and also a pair of vertical
deflection plates 8%5.

The deflected electron beam is directed then
to a specially apertured impulse-generating clec-
trode 88, an illustrative form of which will be
described presently. Those portions of the elec-
tron beam which pass the electrode 86 impinge
upon the first secondary emissive electrode 87 of
a multi-stage electron multiplier. The multiplier
may include any desired number of such elec-
trodes, depending upon the degree of amplifica~
tion desired. The amplified electron beam is col-
lected from the last stage of the multiplier by
an electrode 88 which is connected to an output
circuit.

The output circuit includes a plurality of par-
allel resonant networks of which the network 89
is tuned to the fundamental radio frequency.
The other networks, such as 91 ete., are tuned
to different harmonics of the fundamental radio
frequency. An inductor 82 is coupled to the res-
onant network 89 and is connected to output
load terminals 93 at which there is developed
the modulated radio frequency wave in a manner
which will be described subsequently.

The impulse-forming electrode 86 is main-
tained at a positive potential with respect to the
cathode 82 by a source of direct current such as
a battery 94. This battery may be shunted by a
series tuned circuit, including a condenser 95 and
an inductor 96 for the purpose of by-passing the
vadio frequency components and for providing
selectivity in the operation of the device in cases
where it is to be used in radio freguency or
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intermediate frequency amplifier circuits. Each
succeeding electrode of the electron multiplier is
maintained at an increasingly higher positive
potential by means of suitable sources of direct
current, such as a battery 81, connected between
the first and second muitiplier electrodes 81 and
88, respectively. "These sources of direct curreng
also may be provided with radio frequency by-
pass circuits, such as the tuned circuit, including
2 condenser 9 and an inductor i8f, connected in
shunt with the battery 97.

The electrcde potentials for the multiplier are
shown as separate direct current sources, whica
is a preferred arrangement in cases where the
device is to be operated in a manner necessitating
high current densities in the multiplier portion
thereof. In this manner the device is not sub-
ject to poor voltage regulation. However, it is
contemplated that the multiplier electrode poten-
tials may be supplied in any other conventional
manner such as from a voltage divider connected
to g single source of direct current. The poten-
tial for the output circuit of the device is pro-
vided by a source of direct current such as a
battery §82 which also may be shunted by a con-
denser i8% for the purpose of by-passing the
radio frequency component.

The deflection of the electron beam is accomn-
plished by supplying the deflection voltages to
the plates 84 and 85 from gz source of modulating
signal 165. Such an arrangement may be ei-
fected in any conventional manner, whereby a
circular deflection or rotation of the electron
beam is produced. The radius of the circular
path traversed by the beam is determined by the
strength of the modulating signal.

In Fig. 6 there is shown, to an enlarged scale,
one of several different forms of the impulse-
forming electrode 86. In the illustrative form of
this electrode there is provided an outer support-
ing ring 188. Extending radially from the center
of the electrode to the ring i06 are a number of
triangular shaped web members such as 107 and
168. These members are formed to define a plu-
rality of sector-like apertures such as 108. These
apertures are not true sectors of a circle since
the straight sides thereof do not radiate from
the center of the curved side thereof. Conse-
quently, the angular distance between the
straight sides of the apertures 109 varies in ac-
cordance with the radial distance from the center
of the electrode at which the angular distance is
measured.

Referring now to the operation of the modifica-
tion of the invention disclosed in Fig. 5, additional
reference will be made to Figs. 7, 8, and 8. Assume
that a sinusoidal modulating signal is employed
to control the deflection of the electron beam
over the apertured electrode 86. In Fig. 7 there
is shown a developed view of the electrode 86
and the manner in which the electron beam is
alternately intercepted and transmitted by the
electrode. For the purpose of illustrating the
operation of the device, assume that, in one rota-
tion of the heam, a complete alternating current
cycle of the modulating signal oceurs. Actually,
of course, the beam will make a large number of
traversals at a constant angular rate over the
electrode during one cycle of the modulating sig-
nal. The electron beam is represented in this
figure by the sine wave curve 1. The solid lines
indicate those portions of the beam transmitted
through the electrode apertures. The broken
lines indicate the beam portions intercepted by
the web members of the electrode,
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While the beam is traversing that portion of
its path which causes its impingement upon the
radial web member §07, it is intercepted and pre-
vented from reaching the first stage multiplier
electrode 81. In Fig. 8 this condition is repre-
sented by the portion 112 of a curve {13. Subse-
quently, when the electron beam is being de-
flected between radial web members 187 and 108
it passes through the aperture 189 to impact the
multiplier electrode 81, whereby to produce an
electron current in the multiplier which is repre-
sented by the portion {14 of the curve (3. It is
readily apparent that the passage of the electron
beam through the following aperture {5 produces
an electron current in the multiplier which is
represented by -the portion (16 of curve (3.
Thus, it is seen that g series of substantially
rectangular electron current impulses, such as
{14 and {16, are generated. Also, depending upon
the amplitude of beam deflection, the time dura-
tions or widths of the generated impulses vary
accordingly. Also, it is evident that these im-
pulses are generated at a fundamental frequency
which is a function of the number of apertures
provided in the electrode 86 and the rate of rota-
tion of the beam.

Since the electron current impulses generated
in the manner described are substantially rec-
tangular in wave form there is developed at the
output electrode or anode 88 energy at the funda-
mental frequency of the impulses and at substan-
tially all harmonics thereof. Energy at the funda-
mental impulse frequency is to be utilized in the
output circuit connected to the terminals $93.
Consequently, the resonant network 88 is tuned
to the fundamental frequency for absorption of
the generated energy at this frequency. By also
including in the output circuit of the device g
suitable number of networks such as 81, each
tuned to a different harmonic of the fundamental
frequency, the energy which is developed at the
anode 88 at the harmonic frequency will be gb-
sorbed by the respective harmonically tuned net-
works. In this manner the wave shape of the
anode voltage variations may be made substan-
tially rectangular.

Referring to'Fig. 9, the sinusoidal curve ({1
represents the variation in the voltage drop across
the resonant network 85. The rectangular wave
form curve i18 represents the voltage variation
at the anode 88 of the electronic impulse gen-
erating device. It is assumed that the deflection
of the electron beam over the apertured electrode
86 is appropriate to generate a series of electron
current Impulses similar to the impulses {14 and
i16 of Fig. 8 but successively increasing in width
or time duration. Similarly to the correspond-
ence between output circuit current and power
in the embodiment of the invention illustrated
in Fig. 1, the wave shape of the power delivered
to the output circuit of Fig. 5 is rectangular, cor-
responding to the current impulses. Some of
these rectangular power impulses are illustrated
by the curve 119 of Fig. 8. The increased widths
of successive ones of these impulses represent
corresponding variations in the magnitude of the
modulating signal. If it is assumed that the
énergy represented by the unshaded portion of
the impulse 121 is just sufficient to maintain the
amplitude of the curves 117 and 118 as repre-
sented by the first cycle of these curves, then the
second illustrated cycle will be of equal amplitude
as illustrated. The impulse 122 is generated dur-
ing this second cycle and is of greater width or
time duration than the impulse 121, Conse-
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quently, the energy available for absorption by
the resonant circuit 88, as represented by the
unshaded portion of the impulse, is greater than
in the previous instance. The result is an in-
crease in the amplitude of the voltage and current
of the resonant circuit during the succeeding
cycle. Likewise, if the third generated impulse
123 is of still greater width, a further increase
in the voltage and current of the circuit 89 will
be produced during the fourth alternating cur-
rent cycle, as illustrated.

It is noted that during the entire time that the
electron current is permitted to flow, the voltage
of the anode 83 is at a constant minimum value
during any particular alternating current cycle.
Therefore, it is possible to adjust the various cir-
cuit parameters in such a manner that the energy
which must be dissipated at the anode is main-
tained at a substantially constant value, irre-
spective of the percentage of signal modulation.
Obviously, a system of this character is capable
of operation at an efficiency which is substantially
independent of the percentage of signal modu-
lation.

Improved operation of a signal-modulated
power amplifier in accordance with the instant
invention is achieved by obviating the need for a
negative grid bias considerably greater than that
required to effect the cutoff of anode current.
In conventional class C power amplifiers this
greater grid bias is required because of the man-
ner in which the tube is periodically conditioned
for operation under the control of the modulat-
ing signal and the alternating exciting voltage.
The varying amplitude of the modulating signal
has the effect of correspondingly altering the ef-
fective grid bias of the amplifier tube so that
successive positive half cycles of the exciting
voltage can produce corresponding variations in
the operating grid angle. It is seen that, by using
substantially rectangular grid voltage impulses
varying in width in accordance with the modu-
lating signal as the means for controlling the
power amplifier, it is only necessary to bias the
amplifier tube sufficiently negative to effect cut-
off of anode current when the grid control voltage
is at its minimum value. -

It is contemplated that the various novel fea-
fures disclosed in the two illustrative embodi-
ments of the invention may be combined in a
single system in numerous ways, all of which are
deemed to be within the skill of those versed in
the art and within the scope of this invention.
For example, the output circuit of the amplifier
tube 46 of Fig. 1 may include addition parallel
resonant networks in the manner disclosed in the
embodiment of Fig. 4.

While there has been described what, at
bresent, is considered the preferred embodiment
of the invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and therefore, it is aimed in the ap-
pended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A device for generating a series of impulses
having variable time durations comprising,
means for producing a beam of electrons, means
for effecting s variable amplitude deflection of
said beam, an electrode disposed in the path of
said electron beam and having an aperture for
effecting ‘periodic bassages of said beam there-
through, said aperture being triangularly shaped
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to effect a variation in the time durations of said
beam passages in accordance with the amplitude
of said electron beam deflection and being de-
fined by web members having their inner ends
joined together at the center of said electrode
and their outer ends joined together at the
periphery of said electrode, and means including
an electron multiplier disposed in & manner to
intercept and amplify the portions of said elec-
tron beam passing through said apertured elec-
trode for developing corresponding voltage im-
pulses of substantially constant amplitude and
having time durations varying in accordance with
said modulating signal.

2. A device for generating a series of impulses
having time durations varying in accordance with
a modulating signal comprising, means for pro-
ducing a beam of electrons, means for effecting
a deflection of said beam proportional in ampli-
tude to the modulating signal, an apertured elec-
trode disposed in the path of said electron beam,
said electrode having a plurality of apertures for
effecting periodic passages of said beam there-
through, said apertures being triangularly shaped
to effect a variation in the time durations of said
beam passages in accordance with the amplitude
of said electron beam deflection and being de-
fined by trianguiar web members having their
bases and apexes respectively joined together and
supported respectively at the center and periph-
ery of said electrode, and means including an
electron multiplier disposed in a manner to inter-
cept and amplify the portions of said electron
beam passing through said apertured electrode
for developing corresponding voltage impulses of
substantially constant amplitude and having time
durations varying in accordance with said modu-
lating signal.

3. A device for generating a series of substan-
tially rectangular voltage impulses of uniform
amplitude having time durations varying in ac-
cordance with a modulating signal comprising,
means including an electron emitting cathode
and a focusing anode for producing a beam of
electrons, means including a plurality of deflect~
ing elements for effecting a rotational deflection
of said beam under the control of said modulat-
ing signal, the radius of said rotational deflection
being proportional to the modulating signal, an
apertured electrode disposed in the path of said
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electron beam, said electrode having a plurality
of radially extending triangular-shaped aper-
tures for effecting periodic passages of said beam
therethrough, said apertures being defined by
triangular web members having ftheir hases
joined together at the center of sald electrode
and their apexes supported by an outer ring, the
time durations of said beam passages varying in
accordance with the radius of rotation of said
electron beam, an electron multiplier having a
plurality of secondary emissive electrodes dis-
posed in a manner to effect the impingement of
the portions of said electron beam passing
through said apertured electrode upon one of said
multiplier electrodes, an electrode in said multi-
plier for the collection of said multiplied electron
beam portions, and means including an output
circuit impedance device coupled to said electron
collecting electrode for the development of said
voltage impulses.
JOE C. FERGUSON.
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