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My invention relates to amplification or volume
control devices, particularly volume control tubes
for signaling systems such as radio frequency or
audio frequency amplifiers.

Manual amplification control is usually ob-
tained by an adjustable resistor, such as a poten-
tiometer. The sliding contacts and moving parts
of adjustable resistors wear with use and become
defective, and the contact resistance between the
sliding contact and the face of a resistor, such as
a carbon rod or a wire wound resistor, becomes
erratic.

The object of my invention is an amplification
or volume control device that is smooth in opera-
tion, mechanically simple, free from noise-pro-
ducing sliding contacts and resistors, and will
withstand long and hard use.

In accordance with my invention the discharge
from a thermionic cathode is formed into an elec-
tron beam which may be rotated about the cath-
ode as a pivot by a magnetic field of substantially
uniform intensity which extends lengthwise of

- and directs the beam and is bodily rotated about
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the axis of the cathode as a center, and which
may, for example, be produced by rotatable per-
manent magnets of the horseshoe type with poles
of the magnet on opposite sides of the electrode
assémbly. By rotation of the magnet the elec-
tron beam may be rotated about the cathode to
bring it into registery with windows or openings
in an electrode so arranged that the angle of ro-
tation of the magnetic field controls the space
current to the anode.

In one modification of my invention the anode
is tubular and surrounds the cathode, and a tu-
bular masking electrode comprising a cylinder of
sheet metal is interposed between the cathode
and anode, the cylinder having windows or open-
ings on opposite sides of the cathode. 'The beam
of electrons may conveniently be modulated with
signal voltages impressed upon either or both
the masking electrode and- grid placed between
the cathode and anode. Such a tube has many
circuit applications including the control of am-
plitude of signals, mixing signals and tone con-
trol.

The characteristic features of my 1nventlon are
defined with particularity in the appended claims
and the preferred embodiments of my invention
are described in the following specification and
shown in the accompanying drawings in which:

Figure 1 shows my novel amplification control
device including a tube made in accordance with
my invention and a magnet;

(CL 250—270.5)

Figure 2 is a transverse sectional view along
the line 2—2 of Figure 1;

Figures 3, 4 and 5 show masking electrodes of
my novel tube developed or laid out flat to better
show the windows or openings in the electrode;

" Figure 6 shows my novel tube with a separate
control grid around the cathode;

Figure 7 shows one embodiment of my novel
tube with circuit connections for combined vol-
ume and tone control;

Figure 7a shows the developed masking elec-
trode of Figure 7;

Figure 8 shows a tube embodying my invention
with electrical means for rotating the magnetic
field;

Figures 9 and 10 show partly sectional tubes
embodying my invention with means for varying
the transconductance and amplification constant
of the tubes;

Figure 11 shows a tube embodying my inven-
tion with means for insuring a constant anode
current and means for varying the transconduec-
tance of the tube;

- Figures 12 and 13 show representative circuit
applications of my novel amplification control
device.

Figure 1 shows my novel volume control device
mounted on the panel of amplifier apparatus and
comprises & tube | of conventional envelope and
basing construction with its longitudinal axis co-
incident with the center of rotation of a magnet
2 of the horseshoe type, the poles of the magnet
being positioned on opposite sides of the tube.
Rotation of the magnet as hereinafter described
varies the volume of the signal passed by the
tube from minimum to a maximum. The mag-
net described here is, for convenience, shown as
the permanent type although an electromagnet
may be used.

One preferred embodiment of my novel! tube,
shown in section in Figure 2, comprises a cathode
3, preferably of the indirectly heated type, coax-
ial with a cylindrical anode 4. Between the
anode and cathode and coaxial therewith is a
cylindrical masking electrode § of sheet metal
coaxial with the cathode and anode. The field
produced by the poles of the magnet lying in a
plane through the cathode and anode draws the
electrons into two relatively flat beams 6 and 1,
each beam extending the length of the cathode.
The boundaries of the beams are quite well de-
fined with a strong magnetic field and the plane
of the beams lies in a plane through the poles so
that rotation of the poles rotates the beams about
the cathode as an axis. Windows or openings 8
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and 9 in the masking electrode are provided on
opposite -sides of the cathode so that the two
beams may be simultaneously rotated into regis-
try with the windows. The degree of coverage of
the windows by the beams determines the anode-
cathode space current and signal level in the
anode circuit of the tube. :

.Masking electrodes with preferred shapes of
openings are shown in Figures 3, 4 and 5 where
the tubular masking electrode 9 is developed or
laid out fiat to better show the windows. The
sides of the slotted openings may be straight and
parallel as shown in Figure 3, or tapered as shown
in Figures 4 or 5 to give a more gradual change
of anode current with magnet rotation. Any de-
sired relation of magnet rotation and volume level
may be obtained by curving the edges of the slot
as shown in Figure 5 where volume may be made
an exponential function of magnet rotatjon.

Figure 12 shows a simple amplifier circuit for
the tube of Figure 2 in which the masking elec-
trode is coupled into the input circuit of the tube
through coupling resistor {0 and condenser if
to the conventional detector load circuit 12 of a
radio receiver. In operation as the anode cur-
rent is reduced by rotating the magnet the signal
applied to the masking electrode is reduced tge-
cause of the increased voltage drop in the series
coupling resistor.

A control grid around the cathode may be em-
ployed to obtain higher transcondugtanc_:e and
greater beam modulation. As shown in 1f'1gure 6
a conventional wire wound grid i3 on side rods
is telescoped over the cathode with the plane
of the side rods transverse to the plane through
the center of the windows. The sides of 'qhe
cathode may be flattened to obtain higher emis-
sion and increased transconductance and the side
rods of the grid should be placed at the edges
of the cathode. The flattened sides of the cath-
ode and control grid should be inclined to the
plane through the center of the windows. The
side rods cause undesired defocusing and “fring-
ing” of the electrons at the sides of the beam
and inclination of the plane of the cathode and
rods is necessary to get complete cut-off of the
anode current when the magnet is rotated to the
extreme clockwise position in Figure 6.

Good results have been obtained with my fube
connected as an amplifier with the grid 13 cou-
pled, as shown in Figure 13, to the load circuit
{12 of a diode rectifier and the masking electrode
connected to a steady positive potential. I.ow
distortion throughout the entire range of signal
amplification was obtained with my tube in the
circuit of Figure 13 with a standard oxide coated
cathode .050°’ in diameter and about 1’’ long
placed coaxial with a masking electrode .50"
in diameter and an anode .75’ in diameter, and
with an anode voltage of 250 volts and & mask-
ing electrode voltage of 30 volts. While my tube
is shown in Figures 12 and 13 connected for sig-
nal voltage amplification, it could of course be
connected to amplify direct current or radio or
intermediate frequency currents, modulated or
unmodulated.

The electrons in the two oppositely directed
beams may conveniently be collected on elec-
trically independent sections of the anode. As
shown in Figure 7 a separate anode is placed
opposite each of the two windows in the mask-
ing electrode and is provided with separate lead-
in conductors. The two anodes {4 and i5 may
then be connected to different output circuits
such as different loud speaker amplifiers. When
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provided with the masking electrode 5a of Figure
7a the tube Is useful in tone control circuits, the
windows in the masking electrode being tapered
in opposite directions so that as rotation of the
magnet moves one beam toward the narrow por-
tion of one window the other beam is moved
toward the wider portion of the other window.
A loud speaker with a good high frequency re-
sponse may be coupled to one anode and another
speaker with good low frequency response may
be connected to the other anode, and by rotation
of the magnet the ratio of signal to the two
speakers may be easily adjusted. Alternatively,
the two anodes may be connected to the ftwo
points in a frequency discriminating circuit com-
prising for purposes of illustration circuits (6
and 17. More or less bass compensation, for ex-
ample, may be introduced into the output load
circvit merely by shifting the proportion of cur-
rent to the two anodes.

A mechanically pivoted magnet of the horse-
shoe type has been described for rotating the elec-
tron beams about the cathode as a pivot. Rota-
tion of the magnetic fleld may, if ‘desired, be ob-
tained electrically by two pairs of coils 18 and
18 with their axes placed at right angles, as shown
in Figure 8. Direct current for energizing the
coils may be supplied through potentiometer 20
for adjusting the relative field strengths of the
two pairs of coils and for adjusting the angular
position of the resultant magnetic field. With
the sliding contact on the potentiometer on the
extreme left end of the resistor, coils 19—19 are
deenergized and coils 18— 8 receive full energiza-
tion and the magnetic field and electron beams
are then vertical. By moving the contact to the
other end of the resistor the other pair of coils
is energized and the magnetic field and beams
are rotated 80° Any intermediate position of the
beam may be easily obtained by adjustment of
the potentiometer and is particularly useful for
remote control of the volume control tube, The
anode and masking electrode arrangement of
Figures 2 or 7T may be used, but to obtain con-
trol of separate output circuits with minimum ro-
tation, & masking electrode with four windows
and two anodes 21 and 22, each with a segment
in registry with opposite windows are used. The
input signal may easily be switched from one
output circuit to the other and the amplitude of
signal in either output controlled by the position
of the magnet.

To increase the range of input signal variation
of my novel magnetic volume control device, I
have found it desirable to make the grid of the
variable mu type. A grid is placed unsymmetri-
cally with the emitting surface of the cathode
to give a different amplification factor or trans-
conductance for different parts of the emitting
surface. One variable mu grid for my novel tube
shown in Figure 9 comprises two bent rods 23
and 24 on opposite sides of the cathode and in a
common plane through the cathode. The rods
are bent outwardly at their centers, the bends
lying in said plane, the plane in Figure 9 being
coincident with the plane of the paper. With the
magnet so positioned that the beams of electrons
from the cathode are inclined to the plane of the
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paper, Figure 9, and the active portions of the -

beams reaching the anode are mainly under the
full confrolling influence of those portions of the
rods near the cathode which provide a high am-
plification and transconductance. As the beams
are rotated towards the narrow portions of the
windows, nearer the perpendicular to the paper,
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Figure 9, only those portions of the beams under
the influence of the widely spaced and low am-
plification portions of the rods are admitted
through the windows to the anode and the per-
cent of modulation of the beam by the grid is
reduced.

Alternatively, in an increased range of trans-
conductance may be obtained by the variable mu
grid of 25, Figure 10, in which a variable pitch
grid is placed between the cathode and a V-
shaped slotted window 26 in the masking elec-
trode. With the beam rotated so that electrons
are admitted through the upper and lower ends
of the slot the electrons pass through the closely
spaced turns of the control grid, giving the tube
a characteristic of high transconductance. As
the beam is rotated to admit electrons through
the center of the slot, the electrons reaching the
anode are under the controlling action only of the
widely spaced grid wires. In Figures 9 and 10 the
transconductance of the tube increases or de-
creases rapidly and in approximately direct pro-
portion to the increase or decrease of anode cur-
rent.

Should it be desired that the anode current
remain constant as the transconductance and
percent of signal in the output circuit is varied,
one beam may be modulated by the signal while
the other beam remains unmodulated by the sig-
nal but is varied in amplitude inversely with the
first beam. The two masking electrodes 26 and
21 shown in Figure 11 have windows with tapered
sides pointing in opposite directions so that rota-
tion of the magnet may increase the current
through one window as current to the anode
through the other window is decreased. The
two masking electrodes may conveniently be
placed end-to-end and coaxial about the cathode
with the anode 4 surrounding the two masking
electrodes. A control grid 28 upon which signal
voltages may be applied is mounted in concen-
tric relation with the cathode and inside the
upper masking electrode. Rotation of the mag-
net increases the modulated space current
through the window of the upper masking elec-
trode and is accompanied by a corresponding
decrease in direct current through the window of
the other masking electrode so that the direct
current component of the anode current may re-
main substantially constant while the signal com-
ponent may be varied at will. To adjust the
direct current components through the two mask-
ing electrodes to a substantially equal value, a
grid 29 may be placed inside the lower masking
electrode and connected to an adjustable bias-
ing source to adjust the two currents to equal
values.

An amplification control device constructed ac-
cording to my invention comprising a tubular
anode coaxial with and surrounding the cathode
with a tubular masking electrode is smooth in
operation, mechanically.simple, free of mechani-

cal difficulties of the usual volume control resist-

ors and will withstand long and hard use.

Iclaim:

1. A cathode, an anode, means for producing
a magnetic field with lines of force parallel to
a plane through the cathode and the electron col-
lecting surface of the anode comprising a magnet
with poles in said plane, said cathode and anode
being between said poles, a sheet-like electrode
transverse to said plane and between the cathode
and anode, said electrode having a window, the
magnet being rotatable fo rotate the beam of
electrons. formed by said field into or out of
registry with sald window.
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2. A cathode, an anode, means for produc-
ing a magnetic field with lines of force parallel
to a plane through the cathode and the electron
collecting surface of the anode comprising a
magnet with poles in said plane, said cathode and
anode being between said poles, a sheet-like elec-
trode transverse to said plane and between the
cathode and anode, said electrode having a win-
dow, the magnet being rotatable with respect
to the anode and cathode to rofate the beam of
electrons formed by said field into or out of
registry with said window, and means for im-
pressing a signal on said beam.

3. A volume control device comprising a cath-
ode, a grid surrounding said cathode, a masking
electrode surrounding said grid, said masking
electrode comprising a metal cylinder and having
a window, an anode surrounding said masking
electrode, and a movable magnet with poles on
opposite sides of said anode.

4, A cathode, a control grid for modulating
the electron current from the cathode, a magnet
with poles on opposite sides of said cathode to

" form the electrons from said cathode into two

oppositely directed beams, the magnet being ro-
tatable to rotate said beams about the cathode
as a pivot, a grid for modulating said beams, an
apertured masking electrode in the path of said
beams, and electron collecting electrodes in regis-
try with the apertures. .

5. In combination, an electron discharge device
comprising a cathode, an anode with electron
collecting surfaces on opposite sides of said cath-
ode, a tubular masking electrode with windows
in said electrode on sald opposite sides of the
cathode, a magnet with the poles of the magnet
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on opposite sides of the cathode, the magnet .

being rotatably mounted to rotate oppositely
directed electron beams into and out of registry
with said masking electrode windows.

6. In combination, a cathode, an anode and

40

a masking electrode between the anode and cath~

ode, a control grid electrode between one portion
of said cathode and the anode, said masking elec-
trode having spaced openings, one of the open-
ings being opposite said one portion of the cath-

-ode, and a rotatable magnet with its poles on

opposite sides of the cathode.

7. In combination, an electrode assembly in-
cluding a cathode, a tubular anode coaxial with
and surrounding said cathode, a tubular masking
electrode comprising a cylinder of sheet metal
coaxial with said cathode and between the cath-
ode and anode, said cylinder having windows on
opposite sides of the cathode, and a rotatable
magnet with poles on opposite sides of the elec-
trode assembly.

8. A cathode with an elongated electron emis-
sive surface, a tubular anode coaxial and coexten-
sive with said emissive surface, a masking elec-
trode with a window, said window being irregu-
lar in shape and exposing along radial lines
through the cathode different portions of the
electron collecting surface of the anode to dif-
ferent portions of the cathode emissive surface,
a conirol grid between the electron collecting
and electron emissive surfaces, the grid being un-
symmetrical with the cathode to give a different
transconductance amplification factor for differ-
ent parts of said emitting surface.

9. A cathode with an elongated electron emis-
sive surface, a tubular anode coaxial with said
emissive surface, a masking electrode with a
window, said window being irregular in shape
and exposing, along radial lines through the
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cathode, different portions of the electron col-
lecting surface to different portions of the cath-
ode emissive surface, a control grid between the
electron collecting and electron emissive surfaces,
the grid being unsymmetrical with the cathode
to give a different electrostatic influence upon
different portions of the cathode, and a rotatable
magnet with poles on opposite sides of the anode.

10. In combination an electrode assembly com-
prising an elongated cathode with two electron
emitting surfaces spaced along the length of said
cathode, an anode coaxial with and surrounding
said two emitting surfaces, a grid and masking
electrode around one emitting surface and a grid
and a masking electrode around the other elec-
tron emitting surface, and a magnet with the
poles of the magnet on opposite sides of the an-
ode and parallel to the cathode.

11, In combination a cathode with two emit-
ting surfaces, an anode with two spaced elec-
tron collecting surfaces in cooperative relation
with said two emitting surfaces, a sheet electrode
with a window between each of said emitting
surfaces and its cooperating anode collecting
surface, means for forming an electron beam from
each emitting surface, said means being movable

2,221,748

to rotate one beam into registry with one window
and to rotate the other beam out of registry with
the other window, and a signal control grid be-
tween one emitting surface and its window.

12. A cathode and anode, means for forming
two separate beams of electrons from said cath-
ode to the anode, means for changing the current
in one beam to the anode and for simultaneously
changing the current in the other beam to the
anode, the sum of said current remaining sub-
stantially constant, a control grid in the path of
one beam, and another grid in the path of the
other beam.

13. In combination a cathode, an anode with
an electron collecting surface opposite each of
two electron emitting sections of said cathode,
a sheet electrode with a window between each
emitting section of the cathode and the anode,
a signal control grid opposite one emitting sec-
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tion, a magnet with its poles disposed on opposite 20

sides of said cathode, the poles of the magnet
being movable to shift the beams formed by the
magnet into and out of registry with the windows
in said sheet electrode. .

HERBERT M. WAGNER,




