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1

The present invention relates to electron tube
devices for commutation of electric current in.
successive different circuits, and in particular
to an improved system of electron beam direc-
tion control for such tubes.

In copending application Serial No. 655,447,
filed March 19, 1946, there is disclosed s com-
mutator tube employing a cathode, an accel-
erator anode positioned near the cathode, a plu-
rality of commutator electrodes positioned near
the anode on the other side from the cathode,
means for forming the electrons from the cath-
ode into a beam which has two parts that ex-
tend in opposite directions from the cathode, and
means for sweeping one end of the beam along
the anode to contact successive commutator elec-
trodes. The accelerator anode is provided with
an elongated aperture and the beam has one
end more or less focussed in the aperture, the
other end being intercepted by an unapertured
portion of the anode. In a practical embodi-
ment the anode is cylindrical and concentrically
surrounds the cathode, and the aperture is a
circumferential slot therein, while the commuta-
tor electrodes surround the anode adjacent the
slot. The beam-forming means comprises at
least one pair of dissimilar magnetic poles posi-
tioned outside the tube on a line extending di-
ametrically through the tube and passing
through the anode and certain of the commuts -~
tor electrodes. The resultant electron beam is
diametrically disposed and has two ends at op~
posite ends of the diameter. Various means for
rotating the effective position of the magnetic
poles about the axis of the tube may be em-
ployed. The anode in such embodiments ' is
slotted circumferentially for only 180 degrees,
for, while one end of the beam is available for
current commutation, the other end must be
masked or intercepted by unslotted anode ma-
terial to avoid confusion as to which end is in
use. AS a consequence, commutator electrodes
are useable for only 180 degrees of the available
space around the anode in the tube. To pro-
vide a tube having commutator electrodes in
the entire 360 degrees of available space, an em-
bodiment having in effect two cathodes and an
anode with two diametrically opposed 180 de-
gree siots, one for each resultant electron beam,
is proposed in said application. ‘This embodi-
ment requires additional grid control means for
the beams for best performance. f

The present invention has as its major ob-
Ject to improve on the aforementioned and sim-
ilar devices by providing a commutator tube
wherein the accelerating anode has an aperture
extending a full 360 degrees about the cathode,
and means whereby one end only of a single
two-ended electron beam from the ecathode is
employed to contact commutator electrodes dis-
posed completely about the anode. |

(Cl. 313—69)

by

10

Another object is to provide a commutator

~tube device of the aforementioned or similar kind

wherein the two portions of the beam can be
so directed that one end of the beam lies in the
plane of the anode aperture and the other end
lies in another plane. @~

- Another object is to provide such a commuta-~
tor tube device having reliable and relatively
simple means for directing and rotating the
beam. |

Still another object is to provide such a de-

- vice that will take up a minimum of space and
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be of the lightest possible weight. |

Yet another object is to provide a device hav-
ing the above new features without interfering .
with the operation with regard to features al-
ready. in use. ‘Thus, the device 0of the present
Imvention provides inherently smooth commuta-
tion at practically any desirable commutation
speed, and is as fully adaptable to use in various
circults as are prior devices, with the additional
improvement that more circuits can be handled
with a minimum increase in complexity. N

Other and further objects and features of the
ivention will become apparent from the descrip-
tion of certain embodiments thereof that follows,

- reterence being made to the accompanying draw-
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ings, wherein: | - .
Fig. 1 shows a side elevation partially in sec-
fion of a device in accordance with the inven-
tion;
Fig. 2
Fig. 1; | |
Fig. 3 shows a side elevation partially in sec-
tion of another embodiment of the invention;
Fig. 4 shows a top view of the embodiment
of Fig. 3; | - o |
Fig. o shows an end view of the same embodi-
ment; and | | |
- ¥ig. 6 shows a typical circuit connection for
the commutator tube shown in the other figures.
- In Figs. 1 and 2, there is shown an electron
tube 10 having an envelope 11 which is prefer-
ably evacuated or contains a small amount of
an inert gas. The envelope is mounted on a |
base 12 to which there is sealed a press i3 of
well-known form through which certain wires.
communicate with the interior of the envelope
and on which certain of the tube elements are
mounted. The tube elements comprise in - part
a thermionic cathode 14 and a cylindrical anode
19, made in two parts 16 and 17 which are Co-
axially disposed endwise with a slot-shaped aper-
ture 18 between them extending a full 360 de-
grees about the anode. The cathode 14 is dis-
posed within the lower anode portion 1§ only,
being supported on a conductor 21, which is
sealed through the base 12 and press 13. It may .
be indirectly heated by any well-known heating
means, not shown. The lower anode portion 1§
Is supported in the press 13 by means of sup-

shows a top view of the embodiment'of
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vorts 19, of which one extends through the base

(2 for the purpose of making an electrical con-
nection, while the upper portion |7 is supported
by a conductive rod 21 sealed through the top
of the envelope || and provided exteriorly thereof
with an electrical connector 22 of the form com-
monly known as a “grid cap.” The:rod-21. may
be attached to the upper anode portion {71:0Y
means of a conductive cross-arin 20. Other
means of supporting the anode .sections may be
employed if desired, it being necessary for smooth
commutation, however, that the slot 18 be un-
interrupted for its entire circumferential length.
qurrounding the anode -9 1s a non-conductive
cylinder 23, which may be-made of glass, to the
interior side of which-are: attached conductive
strips- 24 which have the function of commuta-
tor electrodes. These: strips -may be.made of
silver sputtered onto the glass-fandseparated by
seratching away or-otherwise removing hair-thin
portions of the silver at- desired:- intervals to
space - the strips closely -apart. - The. non-coll-
ductive cylinder is supported in the press by sup-
ports 25 sealed to-the cylinder and into-the press,
and a conductor 26 is-attached to each-commuta-
tor strip 24 and brought out of the tube through
the base 12. e e
The electron stream from-the cathode 14 to the
ancde 15 is formed:into-& pair of oppositely-
directed narrow radial- beams, -not shown,. by
means of a four-pole electromagnetic resolver of
a well-known form having uniformly. distributed
pole pieces 31, 32,-33 and 34, each of. which 1S
provided with an individual energizing. coil- .35,
36 37 and 38, respectively. ~The-core structure
of the resolver 1is prefera-blyalaminated- a8 shown
in Fig. 1. The coils 3% to -38; inclusive, may. be
energized ‘In a well-known -manner - from. -any
known kind of -source of alternating - -current
which provides -voltages at the same -frequency
in phase quadrature to the respective-coils. The
pole pieces 31 to 35, inclusive, are-thereby ener-
gized so that diametrically opposed- faces, for
example N and S, have dissimilar magnetic- po-
larities. -Ag is- well known, the resolver 30 -will,

when energized in this manner, rotate the elec~

tron beams about the axis of the cathode {4 -to
sweep the beam--ends circumferential-ly around
the -interior of -the- anode :13. The. -beams Wwill
then lie at any time along a diameter- of- the
cylindrical -anode within- the- lower. portion {6,
with both ends in the same transverse. plane.. .-
~In:the present. embodiment of -the invention,
the . beams are.tilted..with respect..to..a .plane
transverse .to. the .anode .15, the direction of. tilt
being toward parallelism with  the axis of .the
anode, so.that.the beams are directed .as shown
by .the dot-dashed line 40, -and one end of the
beams lies in the slot. I8 .while the other end
is totally intercepted .by anode material, _here
by the lower portion. {6. The tilting .1s accom-
plished by applylng an additional component of
magnetic flux parallel to the axis of the. tube 10,
with an additional coil.41 which is disposed about
the tube as a solenoid wound about the axis of
the tube.. This coil 4 { .may be energized from any
suitable source of unidirectional current. by. con-
nection to the ends 42 and 43. The .magnitude
of _the direct current. potential applied to. the
beam. tilting coil 41 determines.the .amount. by
which the beams are. tilted,.and hence the dispo-
sition of the direction line 40. ... . . .. .0 -« . &
- With the arrangement just described,.one.end
of the electron beams is.at all times Jinterrypted
by anode material, and only one end of the beams
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4 .
is in.the slot 18 as the beams are swept .around
by the resolver, soO that commutator- electrodes
24 may be employed throughout the full 360 de-
erees through which the beams are swept. The
anode slot 18 is tO this end continuous through-
out 360 degrees. If desired, the cathode 14 may
be . disposed within. the upper anode section 1T
instead of the lower anode section (6. Or, if
o reduction in sharpness of commutation can be
tolerated, one anode, portion may be eliminated,
and the cathode can be disposed within the re-
maining portion. One of the electron beams
would still be interrupied by anode material,
while the. other beam would be passed over the
upper. edge - thereof. .

“In the embodiment of the invention shown.in
Figs..3, 4 and 5.the tube 10 is disposed, between
two dissimilar magnet poles. 51 .and:52, which are
part of a permanent magnet yvoke 53, 'The yoke
may be. likened.in effect to a pair of horseshoe
magnets . disposed . .with like poles . confronting
each other to form the. loop; with.the resulting
dissimilar . poles diametrically .opposed on the
loop. .. There results. a. magnetic flux along the
line between the poles bl and 52:. If desired, this
flux may. be provided.by a single. U-shaped. per-
manent magnet. .The yoke is tiltably. supported
in a.U-shaped. frame. 54, being: mounted, there-
in by means of bearings. §5.and 56, .. The. bear-
ines hold the yoke at .the ‘pon=pole-bearing arms
57 and 58 at points which are.intermediate ,he-
tween the poles 51 and 52, on.a line thal is. dis-
vosed at right. angles.tq a.line drawn. between
the poles. .The bearings 56.and %6.are in turn
supported in the. ends. of. the upstanding arms
61 and 62, respectively, of the frame .54.. The
tube 10 is so disposed. within the. yoke $§3. and
frame 54 that the, line on which. the hearing
noints lies is perpendicular: also to .the axis of
the tube. and of the. elements therein.. ‘The. U-
shaped frame.54 is mounted on.a shaft 63 at its
lower mid-point.for rotation about an. axis.co-
incident. with the tube axis. The shaft 63 may
he rotated by any desirable means, either man-
ually_or through a motor system, .. . . . . ...
The, latter embodiment. of the invention 1s op-
erated by -tilting the yoke .53 .hy the amount

necessary. to_place one of .the:electron beams in

the anode aperture or slot I8, shown in Fig. 1,
and rotating the. shaft 63 at.a desired speed - to
rotate.the.poles 51 and-52 about .the tube.10 and
thereby sweep the heam along the slot to.make

~ contact with successive commutator electrodes
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" The elements. of. the tube 10 may be connected
in a_utilization circuit. as shown.in Fig. 6. A
battery.B .provides a.uniform elecfron acceler-
ating potential between the anode 15 .and :.the
cathode (4. 'The. two.anode portions. 16 .and.i1
are connected together.to-the positive terminal
of the battery, while the cathode. is.connected 1o
the negative terminal.. .Signal generators Gi, G2,

- G3, the signal currents. from which are to be com-.

mutated, are connected at one side to.individual
commutator electrodes. 24 .via,K the  connecting
wires 26, and_.at the.other side fo the cathode. i4
via & common load resistor R.  The .common

 eonnection may be completed through the ground,

70

as shown, or otherwise if desired. - The cathode
{4 and the commutator electrodes 24 are thus all
at the same potential in the absence of signals
from the signal generators, but, when the elec-

. tron beam establishes a connection between the

75

cathode and a.particular.commutator electrodes,
the signal from the thereto connected generator
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bfoduces a voltage in the load fesistor R. This
voltage is furnished to succeeding circuits as the
sighal output through a capacitor C or any other
desired means. | . |

While the invention has been illustrated as ap-
plied to an electron tube which functions as a
diode as far as the input signals, from the gener-
ators GI, G2, G3, are concerned, it is to be under-
stood that the particular number of electrodes
employed in the electron tube is not a material
part thereof. For the purposes of the present in-
vention it does not matter whether the collector
electrodes 24 are diode anodes, or triode grids for
controlling signal flow to additional elements
which may be added for the purposes of provid-
ing amplification, or for any other known desired
function of a multielectrode tube. | o

Many other arrangements and modifications
within the scope of the invention will occur to
those skilled in the art, and no attempt has been
made here to exhaust all the possibilities that
come to mind. It is therefore intended that the
claims that follow shall be given the broadest
possible interpretation consistent with the state
of the prior art, and shall not be limited to the
particular embodiments of the invention herein

lustrated. | |
Having now described my invention, I claim:

1. An electronic commutator tube device com-
prising a source of electrons, an accelerating
anode surrounding said source and having one
endless edge defining a plane to one side of which
said source is wholly disposed, means positioned
near said source for forming the electrons from
sald source into & pair of oppositely directed
beams substantially normal to said anode, means
positioned near the path of said beams for di-
recting one beam over an edge of the anode and
the other beam to the anode, and means posi-
tioned near said source and including said beam-
forming means for sweeping said one beam along
sald edge. |

2. An electronic commutator tube device com-~
prising a source of electrons, an. accelerating
anode surrounding said source and having one
endless edge defining a plane to one side of which
sald source is wholly disposed, means positioned
near said source for forming the electrons from

sald source into a pair of oppositely directed -

beams which are normally interrupted by said
anode, means positioned near the path of said
beams for directing one beam over an edge of
the anode, and means positioned near said source
and including said beam-forming means for
sweeping said one beam along said edge.

3. An electronic commutator tube device com-~
prising a cathode, an acecelerating anode sur-
rounding the cathode and being circumferentially
apertured to provide a slot lying in a plane which
does not include said cathode, means positioned
near said cathode for forming the electrons from
the cathode into a pair of oppositely directed
beams normally directed to unslotted anode ma-
terial, means positioned near the path of said
beams for directing said beams to place the end
of one in the slot and to interrupt the other with
anode material, and means positioned near said
cathode and including said beam-forming means
for sweeping said end along said slot.

4. An electronic commutator tube device com-

prising a cathode, an accelerating anode sur-
rounding the cathode and being circumferentially
apertured to provide a slot lying in a plane which
does not include said cathode, means positioned
near sald cathode for forming the electrons from

10

15

20

20

3()

T3
g |

40

the cathode into a pair of oppositely directed
beams normally directed to unslotted anode ma.-

‘terial, means positioned near the path of said

beams for directing said beams to place the end

of one in the slot and to interrupt the other with

anode material, means positioned near said cath-

ode and including said beam-forming means for

sweeping said end along said slot, and means po-
sitioned exteriorly of said anode in the vieinity
of sald slot to intercept electrons therefrom.

9. An electronic commutator tube device com-
prising a cathode, an accelerating anode sur-
rounding the cathode and being circumferentially
apertured to provide a slot lying in a plane which
does not include said cathode, a plurality of elec-
trodes surrounding the anode positioned near said
slot, means positioned near said cathode for
forming the electrons from the cathode into a
balr of oppositely directed beams normally di-
rected to unslotted ancie material, means posi-
tioned near the path of said beam for directing
sald beams to place the end of one in the slot and
to interrupt the other with anode material, and
means positioned near said cathode and including
said beam-forming means for sweeping the said
one beam along the slot to contact successive
ones of said electrodes. | S

6. An electronic commutator tube device com-
prising a cathode, a cylindrical accelerator anode
concentrically surrounding the cathode, said an-
ode being circumferentially apertured to provide
& circumferential slot extending completely
around the anode defining a plane to one side of
which the cathode is wholly positioned, a plu-
rality of electrodes arrayved side by side about the
outside of the anode positioned near the slot,
means positioned near said cathode for forming
the electrons from the cathode into 5 beam ex-
tending generally diametrically across the anode
and hence directed to unslotted anode material,
means positioned near the path of said beam for
directing the beam in a tilted path and thereby
maintain only one end thereof in the slot while
maintaining the other end directed to unslotted
anode material, and means positioned near said

cathode and including said beam-forming means

for sweeping said one end along the slot to con-

- tact successive ones of said electrodes.

60

1. An electronic commutator tube device com-
‘prising a cathode, a cylindrical accelerator anode
concentrically surrounding the cathode, said an-
~ode being circumferentially apertured to provide

~ a circumferential slot extending completely

60
‘means positioned near the path of said beam

65 -
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around the anode defining a plane to one side
of which the cathode is wholly positioned, 3 plu-
rality of electrodes arrayed side by side about the
outside of the anode positioned near the slot,
means positioned near said cathode for forming
the electrons from the cathode into a beam ex-
tending generally diametrically across the anode
and hence directed to unslotted anode material,

for directing the beam in a tilted path and there-
by maintain only one end thereof in the slot while
maintaining the other end directed to unslotted
anode material, and means positioned near said
cathode to rotate the beam about the axis of the

“tube TtO'SWEED said one end.along the slot.

8. An electronic commutator device comprising

‘an electron tube having a cathode, an accelerat-

Ing anode surrounding the cathode, said anode

‘being circumferentially apertured to provide g

circumferential slot extending completely around

“the anode defining a plane to one side of which

the cathode is wholly positioned, a plurality of
electrodes_ arrayed side by side about the anode
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positioned near the slot, and an ‘envelope sur-
rounding the electrodes, electromagnetic means
positioned outside the envelope for forming the
electrons from the cathode into a beam extend-
ing across the anode and hence: directed to un-
slotted anode mafterial, means positioned near
the path of said beam for directing the beam 'in
a tilted path and thereby maintain only- one end
thereof in the slot, and means positioned:outside
the envelope and employing said- electromagnetic
means for sweeping said end -along the slot.
9. An electronic commutator device compris-
ing: an electron tube having a cathode, an ac-
celerating anode surrounding the cathode, said
anode being circumferentially apertured to pro-
vide a circumferential slot exteriding completely
around the anode defining a plane to one side of
which the cathode is wholly positioned, a plurality
of electrodes arrayed side by side about the out-
side of the anode adjacent the slot, and an en-
velope surrounding the electrodes: a pair of dis-
similar magnetic poles positioned one on each
side of the tube for forming the electrons from
the cathode into a beam extending across' the
anode, means mounting said poles tiltably about
an axis disposed perpendicularly to both the axis
of the tube and the line between the poles, and
means for effecting relative rotation between the
‘poles and the tube about the tube axis. - =
.10. An electronic
ing: an electron tube having a cathode, an ac-
celerating anode  surrounding the cathode, said
-anode being circumferentially apertured to pro-
vide & circumferential slot extending ‘completely
around the anode defining g plane to one side of
which the cathode is wholly  positioned, -a "plu-
rality of electrodes arrayed side by side about
.the anode adjacent the slot, 'and’ an-envelope
surrounding the electrodes;-a magnetic core hav-
ing two opposed -econfronting -dissimilar poles,
disposed about the tube with one pole on-each
side ‘thereof, a bifurcated frame tiltably mount-
“ng the core at two diametrically opposed points
intermediate the poles’ and lying ‘ona-line per-
pendicular to both the tube axis and the line be-
tween the poles, and means for rotating the frame
on the tubeaxis. =~ e
11. An electronic commutator device compris-
ing: an electron tube having a cathode, an ac-
celerating anode concentrically surrounding the
cathode, said anode being circumferentially aper-
-tured to provide a circumf erential slot extending
completely around the anode 'defining a plane to
‘one side of which'the cathode is wholly positicned,
a ‘plurality -of electrodes arrayed -side’ By -side
-about the outside of the anode adjacent the slot,
and an envelope surrounding the ‘eléctrodes; a
‘multipolar electromagnetic resolver surrounding
the tube for forming ‘the electron stream from
the cathode into a ‘beam extending across the
anode directed to unslotted anode ‘material, and
adapted “for energization from a - multiphase
.gource of ‘alternating current for rotating the
‘beam: about ‘the axis of the tube to sweep the ends
thereof : circumfer entially about the-interior: of

commutator device compris- ¢
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the anode: and a solenoidal coil surrounding the

tube and adapted to he -energized -to ‘provide ‘&
steady magnetic flux in the tube parallel to-the
“axis thereof, whereby the beam- -may- be directed
toward parallelism’ with said axis to maintain

70

only one end thereof in the slot while mainftain-

ing the other end
material. =

directed to unslotted anode
~*19. An electronic commutator device compris-

8

ing: an electron tube having .a cathode, an ac-
celerating anode surrounding -the.. cathode, said
anode being circumferentially apertured to pro-
vide a circumferential slot extending completely
around the anode defining a plane to one side of
which the cathode is wholly positioned, a plural-
ity of electrodes srrayed side by side about the
outside -of the anode adjacent the slot, and -an
envelope surrounding the electrodes; a solenoidal
coil wound around the sides of the tube; and.a
four: pole electromagnet. adapted for energization
with : ‘alternating current in -phase -quadrature,
surrounding the tube at the sides. et

13. An electron tube having, in order, a cath-
ode, an electron -accelerator electrode,  and -&
collector electrode, spaced -apart generally.-in a
fAirst direction; said accelerator electrode having
a passage therethrough for the passage of -elec-
trons: said cathode being of restricted size. and
disposed wholly to one side of -said passage with
respect to said first direction:- whereby only those
electrons which travel substantially in -a -second
direction angularly disposed with respect to said
first direction can reach said collector electrede.
. "14." An electronic commutator tube device com-

prising.a source of electrons, g cylindrical acceler-

ating anode surrounding said source and -having
one endless edge defining a plane to -one side of
which said source is wholly disposed,. means ad-
jacent said source for forming the:electrons-from
said source into- a pair of oppositely directed
beams hormal to said anode, and means adjacent
the path’ of said beams for tilting the direction
‘of said beams to direct one beam- over said edge

5 while maintaining _the other beam directed: -to0

said anode. - o | |
15. An electronic commutator tube device
comprising a source of electrons, an accelerating
anode surrounding said source and-having -one
endless edge defining a plane to one-side of which
said- source is wholly disposed, means adjacent
<aid source for forming the electrons from said
source into a-pair of oppositely directed beams
normally impinging entirely upon said anode,and
means adjacent the path of said beams for tilting
said beams into a new direction “in- which one

heam is directed over said edge and- the other

beam continues to ‘be directed to said anode.

- 16. An electronic commutator tube device com-
prising a source of electrons, a cylindrical acecel-
erating anode surrounding said source and having
one endless edge defining a plane to one side
of which said ‘source is wholly : disposed, means
adjacent said source for forming the .electrons

5 from said source into a pair of oppositely directed

beams normal to said-anode, and means adjacent
the path of said-beams for. directing: one ‘of said
heams over said edge while maintaining the other
beam directed to said anode. - BRI,

LAURENCE BATCHELDER.
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