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The present invention relates to an eleciron
tube and has for its purpose the commutation of
current in successive different but associated eir-
cuits,

A feature of the present invention is the elimi-
nation of switching noises in commutation which
will permit the operaticn of the tube with ex-
tremely low sigral levels. 'The tube also pro-
vides smooth commutation in switching from one
circuit to an adjacent cireuit, thereby making it
possible to use the tube in circuits for direction
and distance determination with the aid of sound
and electrical energy.

The tube of the present invention comprises a
cylindrica]l cathode directly or indirectiy heated
with a cylindrical accelerating anode having cir-
cumferential slots of desired arc length located
in a plane perpendicular to the cathode, which
slot permits the electron beam to emerge for a

short distance to form a virtual cathode beyond :

the siot in the accelerating ancde. A number
of commutating elemsnts are then spaced around
the slotied accelerating anode, each commutat~
ing element being connected to external circuits
for control purposes.

The present invention will be more fully de-
scribed in connection with the drawings illus-
trating the embodiment of the same in which
Fig. 1 shows the tube in perspective with frag-
mentary sections broken away to show cerbain
details of the tube; Fig. 2 shows a central section
of the fube illustrated in Fig. 1; Pig. 3 shows a
section of the invention in & slightly modified
form; and Fig. 4 shows the tube as shown in Fig.
3 connected in a utilization eircuit.

In the arrangement indicated in Figs. 1 and 2
there is shown a centrally positioned cathode |
which may be of the heater type and is cylindri-
cal in shape. Concentrically positioned with re-
spect to this tube is an accelerating anode 2 and
beyond this a separate electrically non-conduc-
tive cylinder 3, also concentrically positioned
with respect to the cathode. The cylinder 3
may be made for example of glass, and has de-
bosited on its surface, preferably inside, a set of
parallelly arranged conductive segtnents spaced
around a sector of an arc, the segments extend-
ing in the same direction as the cathode of the
tube. These segments are indicated as 4, 4,
ete., the spacing between the segments being
quite narrow, of the order of thousandths of an
inch. These segments may be a silver deposit
or a deposit of other highly conductive material
on the glass. The accelerating ancde 2 and the
segments 4, which may be termed commutator
electrodes, are spaced very close together, as close
as practical in tube construction, and the anode
2 is provided with a slot § arranged in a hori-
zontal plane or in a plane cutting across the com-
mutator segments. The slot 5 may be of any
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desired angular opening but is shown in Figs. 1
and 2 as approximately 180 degrees. As indi-
cated in Figs. 1 and 2 a second slot § is provided
in the other half of the accelerating anode 2 op-
posite a similar group of commutator segments
4’ &’ etc., which may be the same as the seg-
ments 4, & previously mentioned.

The elements described are contained in an air
and gas evacuated casing T of glass or other suit-
able substance, the evacuation being of the type
required for an electron beam tube, such as the
cathode ray oscilloscope.

Where the accelerating anode is provided with
two slots opening in opposite directions to the
commutator electrodes for control purposes it is
necessary to provide control grid structures.
This is provided in Figs. 1 and 2 in the separate
concentric grids § and 9, the grid 8 suppressing
the beam going through the upper slot 5 while the
grid § suppresses the beam going through the
lower slot & when a sufficiently high negative po-
tential is impressed thereon. A magnetizing field
may be provided by coils {2 and {2’ externally of
ihe tube to concentrate the beam generally in a
vertical plane coincident with the axis of the
tube. These coils can be rotated together about
the axis of the tube, as shown by the arrows in
Fig. 1. This beam will be rotated by the rotation
of the magnetic field of the coils so thst it will
sweep across the accelerating anode through the
slot forming, as earlier mentioned, a virtual eath-
cde beyond the slot, the electrons from which
will be atiracted by the commutator segments as
the beam progresses around the slot. Since the
cathode beam substantially loses its velocity at
the slot, not only are the commutator electrodes
spaced near the accelerating anode, but, further
than this, reflection of the beam from the com-~
mutator segments iIs practically avoided and a
soft smooth commutation may result. The com-
mutators for this reason are hiased substantially
to the potential of the cathode. A feature in
helping the sinooth commutator effect is zlso the
fact that the commutator segments are spaced
close together so that there is very little interrup-
tion by the beam being between any two seg-
ments. The beam i3, for practical purposes, the
width or less than the width of 2 single segment.
The control grids ¢ and 8 may be tised {0 suppress
either the portion of the beam passing through
the top or bottom slots, respectively, so that, if
only one slot is used, the circuit will be open
where the beam is blocked either by the grid or
by the lack of a slot in the accelerating ancde,

In the arrangement indicated in Fig. 3 only one
slot 16 is provided which may be 180 degrees or
less, if desired. In this case no control grid is
necessary as the back half of the beam, that is,
the half not looking towards the slot, is always
cut off from the commufator segments. The
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effective working length of the cathode is short
in comparison to the length of the accelerating
cylinder, as indicated in Fig. 3, for the purpose
of reducing the uvnused component of cathode
current and eliminating field distortion. The
accelerating anede cylinder may be made of any
metallic material or perhaps graphite coated
glass, this material being used for the purpose
of preventing eddy current losses in the acceler-
ating anocds cylinder due to the retating mag-
netic field.

Each commutater strip has a conductive ele-
ment {! by means of which connsctions are
made to the external ¢ircuit, and the elements of
the tube are insulatingly supported in the man-
ner usual in the art.

The commutator tube as above described oper-
ates, as the name implies, to.commutate current
to any one of the segments of the tube or to make
elecirical connections with any cne of the ssg

v

ments of the tuke, thereby providing a seiective
circuit mechanism as the cathode beam is ro-
tated or controlied through the aid of a mag-
netic field provided by the coils {8, {2’ which may
be rotated about the tube as indicated by the
arrows to rotate the cathode beam. Any other
well known means that is desired may be sm-
ployed to rotate or sweep the beam, for example
a plurality of fized rectangularly disposed focus-
sing colls, energized in phase quadrature from a
commuon souirce of sinuscidal sweep voliage.

The tube of the invention may be employed in
circuits where rapid and smooth commutation
from one signal source to another is desired, as
shown for example in g, 4, where Gi, G2, and
G3 are separate and distinet sources of signal
voltages, and R Is a common load resistor. The
accelergting anode £ is made positive with rela-~
tion to the cathode | by means of a suitable
source of anode potential such as the battery B.
Bach commutator electrode 4 is connected to one
of the signal sources Gi, 2, 2, there being a com-~
mutator electrode provided for each signal
source that is to be included in the circuit. The
other side of each signal source is grounded.
The load resistor R, across which the output sig-
nal voltage is to appear, is connected at one side
to the cathode and at the other side to ground.
With  this connection, the cathode | and the
commutator electirodes £ are all at the same po-
tential as far as direct current is concerned,
while each signal source Gi, 2, 2, provides g
voltage which appears across the vesistor R
when the cathode beam is in contact with the
therete connected commutator electrode 4.

Having now described our invention, we claim:

1. An electronic commutator tube comprising
a cathode, an accelerating anode spaced away
from and extending around said cathode, a plu-
rality of elecirodss positioned externally of the
acecelerating ancde, and a slot in the ancde
extending transversely across the position of said
elzctrodes.

2. An electronic commutator tube comprising
a cathode, an accelerating ancde spaced away
from and extending around said cathode and
having a slotted opening formed therein, and a
plurality of comimubating electrodes spaced close
together extending sround at least a portion of
said accelerating anode opposite and each dis-
posed transversely to the direction of the long
dimension of said slotted opening.

3. An electronic commutator tube comprising
a centrally positioned cathode, an accelerating
gnode extending symmetrically with respect to
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the cathode, said accelerating anecde having a
slctted opening therein, and a plurality of com-
mutating electrodes positioned symmeirically
with respecti to said accelerating anode opposite
the slofted opening and each disrosed irans-
versely to the direction of the long dimension
thereof.

4., An electronic commutator tube comprising
a cylindrical cathode, a conceniric eylindrical
accelerating ancde having a siotied opening
formed in a plane perpendicular 1o the axis, and
a plurality of commutating electrodes spaced
close togethier opposite the slotted opsning bhe-
yond the accelerating ancode and each dispossd
transversely to the direction of the long dimen-
gion of the slot.

5. An electronic commutator tube comprising
& cathode, an accelerating anode having a slotted
opening spaced away from said cathode and a
plurality of commutating electrode spaced he-
yond the accelerating anode opposiie the slotted
opening, and each disposed transfer to the direc-
tion of the long dimension thereof, and mag-
ngtic means 1o concenirate an eleciron beam
irom said cathode in the vicinity of said slot to
form a virtual eathode in the slotéed opening in
ront of thas commutating electrodes.

8. An electronic commutator tube coraprising
a cylindrical cathode, a cylindrical accelerating
anode having a plurality of slotted openings ex-
tending in planes perpendicular to the axis of
the cathode, a plurality of suppressor grids sur-
rounding said cathode for each of sald slotted
openings znd a piurality of commutating elec-
trodes concentricaily positioned with respect to
the accelerating anode but beyond the same op-
pogite the slotted openings and each disposed
transverseiy to the direction of the long dimen-
sicns thereof,

7. An elecironic commutator tube comprising
a cathode and accelerating anode having g slot-
ted opening therein gpaced away from the cath-
plurality of commutating electrodes each
aispo transversely to the direction of the long
dimension of and spaced close to and opposite
the slotted opening in said accelerating anode,
and magnetic means to concenirate an electron
beam from said cathode in the vicinity of said
slot whereby said slotted opsening serves to form
a virtual cathode in the opening and the virtual
image at the accelerating anode will be substan-
tially the same width as a commutating elecirode.

8. An electronic commutbator tube comprising
a cathode, an accelerating ancdes spaced away
from said cathods, said ancde having a slot, a
piurality of electrodes positioned closely adja-
cent each other on the side of s2id acceierating
anode sgway from salid cathode, said electrodes
keing arrayed side by side in the direction of
said slot and each disposed transversely thereto,
magnetic means for forming the electron stream
from said cathiode into a narrow beam the thin
dimeunsion of which is in the direction of the
long dimension of the slot and means for sweep-
ing the beam in the direction of said long
dimension.
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