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9 Claims.

This invention relates to modulation circuits
for ultra-high frequency oscillators.

In my copending application now issued as
Patent No. 2,001,133, dated as of May 14, 1935,
there has been disclosed a novel type of ultra
high frequency oscillator whereby there may be
generated high frequencies of the order of 300,-
000 kilocycles or higher. In that arrangement
oscillations are produced by influencing a stream
of electrons emanating from a cathode to travel
in a curved path and to cross upon itself so as
to obtain a periodically interrupted stream of
electrons. The mode of operation, which is quite
similar to the functioning of the air stream in
an air whistle, applicant has designated as the
electron whistle principle. In general, according
to one embodiment described in my patent,
supra, the oscillator comprises a hot cathode
and an anode at opposite ends of a tube-like af-
fair to the anode end of which is connected a
curved shell. A voltage applied between the
anode and cathode causes the electrons emitted
from the cathode to travel toward the anode
with an accelerating velocity in such manner
that when the electrons enter the shell they
have, under proper conditions, such a high ve-
locity that they fly on past the anode due to
their momentum. If their velocity has been
made sufficiently great, and the shell has the
same potential as the cathode, or a still more
negative potential with respect thereto, the re-
pulsion between the shell and the electrons will
cause the stream to bend around the shell in a
loop before arriving at the anode. In order to
reach the anode, however, the electron stream
is arranged to cross its own path at the anode
end of the auxiliary tube, and to thus interrupt
the stream entering the shell, due to the mutual
repulsion between electrons. The stream re-
mains interrupted until the electrons in the shell
have all passed by, after which the electron
stream is again admitted to the shell and the
whole process repeated periodically.

It is a primary object of the present invention
to provide a modulation system for this type of
ultra high frequency electron whistle oscillator,

In accordance with one particular embodiment
of the present invention, the modulating poten-
tials are caused to control the anode potential
through a separate electron discharge device
suitably connected to the anode of the oscillator.
In another embodiment, there is utilized a con-

-trol electrode between the anode and cathode of

the oscillator, to which the modulating poten-
tials are applied. The latter embodiment has the
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advantage of dispensing with a separate electron
discharge device,

Other objects and advantages will appear in
the subsequent detailed disclosure which is ac-
companied by the drawing wherein Figure 1
illustrates a preferred form of a modulation cir-
cuit embodying the principles of the present in-
vention, and Figure 2 illustrates a modification
thereof.

In Figure 1 there is shown & radio transmit-
ting circuit including an ultra high frequency
oscillator ‘comprising an evacuated device | hav-
ing a tube 6, at one end of which is a cathode
2 energized by a source of current’ {0, shown
herein as alternating, although it will be under-
stood that direct current may be used just as

.well. At the other end of tube 6 there is posi-

tioned a flared circular portion 4 which may be
either metal or insulation and in an opening 7
of which is inserted an anode 8 to which is con-
nected a source of positive potential 3. The neg-
ative terminal of source 3 is connected to the
cathode and to ground. On either side of the
anode, in the arrangement of Figure 1, is an
insulating mounting or bushing 9. Interposed
between the filament and the anode is a control
electrode or grid It to which varying potentials
are applied in accordance with the signals to be
transmitted.

Any suitable utilization circuit, such as an
antenna (2, may be coupled to the output of
the device through a transformer 26, as indi-
cated. Although the form of coupling shown in
the drawing is preferred, it is to be understood
that the invention is not limited thereto, but
that other forms may be employed. For tuning
the output circuit there is a condenser 13 one
plate of which is connected to ground and the
other plate to a movable slider (4 which is
arranged to glide over the anode lead 15 ex-
tending between the anode and its source of
supply. If an antenna circuit is utilized, tuning
elements such as trombone slides 16 and 11
may be connected in the transmission line con-
necting the antenna to the output circuit for
tuning the line to the output frequency.

The operation of the device is as follows:

When the cathode of the vacuum oscillator
device is energized from the source of current
10, negatively charged electrons are emitted
which are attracted toward the circular shell
4 by the positively charged anode 8. These elec-
trons travel in a substantially straight line along
the portion 6 of the tube. Circular shell 4,
if made of metal, is given a charge similar to
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that of the filament by battery 18, or even made
slightly more negative, in order to repel the elec-
tronic stream and cause it to bend around the
shell in the manner shown by the arrows in the
drawing. - Those electrons which pass closest to
the shell tend to be bent more than those which

pass further away, and this automatically tends

to concentrate the stream so that, under proper
conditions, the beam can be substantially fo-
cussed upon the anode 8. Anode 8 and open-
ing 7 are so positioned as to be in line with
the electrons after they have followed the pe-
riphery of the curved portion &. If desired, as
an alternative type of .construction, an insulat-
ing shell such as glass may be used which, it
has been found, will act just as well as a metal
shell; in fact, the insulating shell will have ad-
vantages in that certain areas of the shell may
be more negatively charged by the electrons
than others so that the distribution of the nega-
tive charge is more in accordance with that re-
quired to prevent the impinging of large num-
bers of electrons at various points. In this case
various portions of the inside of the envelope
assume automatically the correct potentials for
suitable operation of the device.

When the electrons enter the shell 4 from
the straight portion 6 they will have under
proper conditions such g high velocity that they
will fly past the anode 8 due to their momentum.
After curving, the electronic stream will point
toward the anode, but before reaching the anode
the electronic stream must cross its own path.
In doing so it will interrupt the stream enter-
ing the curved shell 4 from the straight por-
tion 6 due to the mutual repulsion between

electrons. Those electrons which are being

drawn from the filament 2 while a portion of
the stream traversing the shell 4 is arriving at
the anode 8, will also tend to flow directly to
the anode 8, though their number will be re-
duced by the space charge set up in the vicinity
of the anode 8 by the stream impinging on the
anode after fraversing the shell 4. In other
words, so long as a portion of the stream is re-
turning to the anode from shell &, substan-
tially no additional electrons are permitted to
enter chamber 4. Thus, the oncoming stream
from the filament will remain interrupted until
the first electrons have reached the anode, after
which the stream from the filament will then
be enabled to pass by and enter the curved
shell 4 and the process will be repeated period-
ically.

This mode of operation is quite analogous to
that of an ordinary air or steam whistle, and a
comparison between the two is herein made
merely to ald in a better understanding of the
invention.

The frequency of interruption of the elec-
tronic stream will determine the frequency of
the desired oscillations in the anode circuit, and
this frequency, experiments have so far indi-
cated, is substantially dependent on the anode
voltage and increases with increase in voltage.
In other words, it may be said to be determined
by the time takenn for an electron to travel
around the loop of the shell 4, a matter which is
determined by the anode voltage and the dimen-
sions of the circuit.

The signals to be transmitted may be applied
to the grid of the tube either by a keying relay
i9 which is responsive to telegraph signals, or
by a microphone 20 in circuit with an amplifier
21, in case it is desired to transmit speech or
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music. By varying the grid potential the num-
ber of electrons taking part in producing oscil-
lations is varied, this variation being arranged
to key or modulate the strength of oscillations
generated. It will thus be seen that the oscil-
lations generated may be modulated or keyed,
either by speech, music or tone signals, etc., or
by any combination of these alternatively or
simultaneously.

Figure 2 discloses an arrangement similar to
that of Figure 1 except for the showing of a dif-
ferent type of anode 22 and the use of a sep-
arate electron discharge device modulator tube
23. The anode shown in this modiiication com-
prises a cylindrical tube located with its axis
lengthwise with respect to the cathode stream
so as to enable the passage of the electrons
through the cylinder. The stream of electrons
returning from shell 4 to the anode 22 will tend
to give the anode a negative potential and this
negative potential is dependent upon the rate
at which the electrons return compared to the
rate at which they are dissipated in the anode
circuit. If the latter is tuned, the fluctuations in
the anode will be a maximum, but will tend to
vary sinusoidally rather than according to a
square wave variation. These fluctuations vary
the number of electrons drawn from the cathode
2 through part 6, and so set a controlling effect
upon the strength of the electron stream entering
the shell 4. In this manner, under proper condi-~
tions, oscillations are produced. In this em-
bodiment the modulating signals are applied
through a transformer 24 to the control grid
25 of an electron discharge device 23, the latter,
in turn, functioning to modulate the anode po-
tential supplied to 22 in the well known Heising
manner., The oscillations are produced in this
case due to fluctuations in anode potential
rather than due to mutual repulsions directly
between free electrons. In the present instance
it is preferable to so design the tube that the
length of time for an electron to traverse tube 8§
is the same as the time to traverse chamber 8.
Except for these differences pointed out, the op-
eration of the system is identical with that de-
scribed above in connection with Figure 1, and
for this reason will not be repeated herein. Ob-
viously the modulating systems of Figure 2 could
also be applied to the tube of Figure 1.

It is to be noted that since the wave form of
the anode current during oscillation is substan-
tially square it is rich in harmonics, and it is
possible to obtain any harmonic frequency by
tuning the circuit between the anode and the
cathode by means of adjustable tap 4.

Although what is believed to be the correct
theory of operation has been hereinabove set
forth, it is to be understood that the preseat in-
vention is not to be limited by any theory or
combination of theories set forth, since it is
possible that future experiments may lead to
modifications or to other explanations regarding
the reason for fthe results obtained.

It is further to be understood that the struc-
ture set forth is merely illustrative and is not
to be considered limiting the present invention
thereto, since it will be apparent that certain
modifications may be made as regards the shape
of the tube and the relative positions of the elec-
trodes. Similarly, the cathode may have other
forms and shapes than those indicated and, if
desired, may be of the indirectly heated type.
Again, any of the well known means for keying
or modulating direct current potentials may be
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applied - to modulating the potentials on the
electron whistle tube in order to obtain a modu-
lated output. _

What is claimed is:

1. In combination, a device for producing ul-
tra high frequency oscillations comprising a
cathode for emitting electrons, a grid for con-
trolling the flow of electrons, an anode for at-
tracting electrons, and means for causing the
stream of electrons to travel in a curved path
so as to cross itself, sald means comprising a
curved shell which has a potential at least as
negative as that of the cathode, the anode being
arranged to permit the passage of electrons from
said cathode to said shell and to receive said elec-
trons after they have traveled around the shell,
an output circuit coupled t¢ said anode, and
means for modulating said oscillations in accord-
ance with the signals to be transmitted, the last
said means comprising & modulating circuit con-
nected between said cathode and said grid.

2. In combination, a device for producing
ultra high frequency oscillations comprising a
cathode for emitting electrons, a grid for con-
trolling the flow of electrons, an anode for at-
tracting electrons, and means for causing the
stream of electrons to travel in a curved path so
as to cross itself, said means comprising a
curved shell which has a potential at least as
negative as that of the fillament, the anode being
positioned in an opening in the curved shell and
insulated therefrom, an output circuit coupled
to said anode, and means for modulating said
oscillations in accordance with signals to be
transmitted, the last said means comprising a
modulating circuit connected between said
cathode and said grid.

3. In combination, a device for producing
ultra. high frequency oscillations comprising a
cathode for emitting electrons, an anode for at-
tracting electrons, a control electrode inter-
mediate said cathode and anode, and means for
causing the stream of electrons to travel in a
curved path, said means comprising a curved
shell which has a potential at least as negative
as that of the fllament, the anode being ar-
ranged to permit passage of said stream of elec-
trons from said cathode to said curved shell and
to receive the electrons after their travel
around the curved shell, an output circuit cou-
pled to said anode, and means for varying the
potential on said control electrode in accord-
ance with the signal wave to be transmitted
thereby to vary the density of the electrons
traversing said curved shell and impinging upon
said anode.

4. A device for producing ultra high frequency
oscillations comprising a cathode for emitting
electrons, an anode for attracting electrons, and
means for causing a stream of electrons to
travel in g curved path, said means comprising
a curved shell which has a potential at least as
negative as that of the cathode, the anode be-
ing arranged to permit passage of the electrons
from said cathode to said shell and to receive
said electrons after their travel around the pe-
riphery of said shell, an output circuit induc-
tively coupled to said anode, and a tuning ele-

.ment in circuit with said anode for obfaining

a desired frequency in said output circuit com-
prising a condenser, one plate of which is
grounded and the other plate of which is con-
nected to an adjustable tap, and means for
modulating said oscillations in accordance with
the signals to be transmitted.

3

5. In a communication system, in combination,
a device for producing ultra high frequency os-
cillations comprising a cathode for emitting elec-
trons, an anode for attracting electrons, a con-
trol electrode intermediate said cathode and
anode, a source of positive potential and a con-
nection from said source fo said anode, and
means for causing the stream of electrons to
travel in & curved path so as to cross itself, said
means comprising a curved metallic shell, a
source of negative potential for supplying said
shell with a negative potential, said anode being
insulated from said shell and arranged to per-
mit passage of said stream of electrons from
said cathode into said shell and to receive said
stream after its travel around the periphery of
said curved shell, modulating means in circuit
with said control electrode and filament for vary-
ing the potential of said grid in accordance with
the signal wave to be transmitted, a tuning ele-
ment in circuit with said anode connection for
obtaining a desired frequency comprising a con-
denser, one plate of which is grounded and the
other plate of which is connected by an adjust-
able tap to said connection, a utilization circuit
inductively coupled to said connection, and ad-
justable tuning elements in said utilization cir-
cuit.

6. In a communication system, in combination,
a device for producing ultra high frequency oscil-
lations ‘comprising a cathode for emitting elec-
trons, an anode for attracting electrons, a con-
trol electrode intermediate said cathode and
anode, a source of positive potential and a con-
nection from said source to said anode, and
means for causing the stream of electrons to
travel in a curved path so as to cross itself, said
means comprising a curved metallic shell, a
source of negative potential for supplying said
shell with a negative potential, said anode being
positioned in an opening in the curved shell and
insulated therefrom, modulating means in cir-
cuit with said control electrode and filament for
varying the potential on said grid in accordance
with the signal wave to be transmitted, a tuning
element in circuit with said anode connection for
obtaining a desired frequency comprising a con-
denser, one plate of which is grounded and the
other plate of which is connected by an adjust-
able tap to said connection, an output circuit
comprising an antenns and a transmission line
inductively coupled to said anode connection, said
output circuit including trombone slides for tun-
ing said line to the desired frequency.

7. In combination, a device for producing
ultra high frequency oscillations comprising a
cathode for emitting electrons, an anode for at-
tracting electrons, and means for causing the
stream of electrons to travel in a curved path,
said means comprising a curved metallic shell,
a first source of potential for applying a negative
potential to said metallic shell, a source of posi-
tive potential, and a connection from said latter
source to said anode, said anode being in the form
of a cylinder and insulatingly positioned with re-
spect to said shell, said cylindrical anode being
arranged with its axis parallel to the stream of
electrons emanating from said cathode and ar-
ranged to permit passage of said electrons from
said cathode to said shell and to receive on its
outer surface said electrons after their travel
around the periphery of said shell, an electron
discharge device having an anode electrode con-
nected to said anode connection for obtaining a
positive potential therefrom and a control elec-
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trode, a tuning element comprising a condenser
in circuit with the anode of said first device and
adjustable with respect thereto for obtaining a
desired frequency in the anode circuit of said first
device, a utilization circuit coupled to said anode
circuit, and modulating means in circuit with the
control electrode of said electron discharge device
for varying the potential on said control electrode
whereby there is obtained a modulated output in
said utilization circuit in accordance with the
signal wave.

8. In a system of the class described, an elec-
tron discharge device having a tubular anode and
a cathode so disposed with respect to said anode
as to project a stream of electrons mainly
through the interior of said anode from end to
end, means for thereafter forming said stream
into a loop whereby most of the electrons are
caused to impinge upon an exterior wall of said
anode thereby to generate oscillations, a modula=
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tion circuit connected between said cathode and
sald anode, and & utilization circuit coupled to
said modulation circuit.

9. In a high frequency communication system
having an electron discharge device wherein the
envelope, the electrodes, and the potentials ap-
plied to said electrodes are adapted to produce
oscillations by unidirectionally propelling a beam
of electrons along a confined path, defiecting said
beam into a looped path so that the beam angu-
larly intersects itself, thereby interrupting itself
periodically, the method of modulating said os-
cillations which comprises applying modulating
potentials between the cathode and at least one
of the other electrodes of said device and varying
the number and velocity of the electrons at the
locus of intersection of their paths in sccordance
with signals to be communicated over the system.

CLARENCE W. HANSELL.
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