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T'o all whom it may concern.:

Be it known that I, Auserr W. Huwy, a
citizen of the United States, residing at
Schenectady, county of Schenectady, State

5 of New York, have invented certain new

10

and useful Improvements in Electric Dis-
charge Devices, of which the following is
a specification. A

The present invention relates to an elec-
tric discharge device and the controlling and

- amplifying of electrical currents by means
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of vacuum tubes. o

It has been proposed heretofore to con-
trol an electric discharge in a partially
evacuated tube by means of a magnetic field.
In this case the current depended upon gas
ionization and the effect of an increasing
magnetic field was to increase the current.

I have discovered that in a properly con-
structed and sufficiently evacuated device a
properly applied magnetic field may be
‘made to reduce the current carrying ca-
pacity of the space, and that by a suitable
arrangement the current may be reduced
from a large value to substantially zero
by a slight increase of magnetic field.

My invention comprises a novel device
consisting of an evacuated envelope con-
taining an electron-emitting cathode and
an anode, provided with means for gener-
ating a magnetic field for controlling the
current between cathode and anode, and also
a method of controlling an electron current
by a magnetic field.

In a more specific aspect my* device con-
tains a cathode adapted to emit electrons.
independently of gas ionization and an
anode contained in an evacuated envelope,
and an electrical winding for producing and
controlling  a magnetic field whereby the
electron current from the cathode to the
anode may be varied or reduced to substan-
tially zero. These and other aspects of my
invention will be pointed out with more pas-

5 ticularity in the appended claims.  For a

more detailed description of my invention,
reference may.be had to the following..de-
scription taken in connection with the ac-
companying drawings. .

In the drawings, Fig. 1 illustrates dia-
~grammatically one embodiment of my in-
vention used as an amplifier of radio sig-
nals; Figs, 14 and 1® are- detail cross-sec-
tional views of the anode structures; Figs.

2, 8 and 4 ave diagrams showing electrical
characteristics of my' device; Fig. 5 illus-
trates diagrammatically an embodiment of
my invention in a telephone repeater; Fig.
6 illustrates diagrammatically a series con-
nection of amplifiers utilizing alternating
current for heating the cathode; Fig. 7 il
lustrates a radio-telephone transmitting sys-
tem for producing modulated high  fre-

quency oscillations; Fig. 8 is a radio-receiv--

Ing system in which the new device is used
as an amplifier and as a detector, and which
illustrates other features of my invention;
and Figs. 9 and 10 are diagrammatic views
of modifications of tubes embodying my
invention. '

Fig. 1 illustrates one form of device em-
bodying my invention comprising an elon-
gated glass tube 1, containing a filamentary

85

60

65

70

cathode 2 adapted to be heated to incan-

descence, and a surrounding concentric slot-
ted cylinder 8 constituting the anode. The
cathode is substantially equidistant from the
anode at all points along its length and in
general this structure is preferred in devices
embodying my invention.” The cathode 2
is adapted to emit electrons independently
of the passage of the space current through
the device. Tt consists of a suitable refrac-
tory material, preferably tungsten, and is
connected by the conductors 4, 5, to a suit-
able source of electric current, such, for ex-
ample, as a battery 6. A regulable series
resistance 7 may be provided to control the
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heating current and thereby the tempera-

ture and electron emission- of the ecathode.
The space within the envelope is evacuated

and the parts within the envelope are de--

90

prived of gas to such extent that an electron _

discharge can occur therein substantially
independent of gas ionization. A slight
amount of gas ionization will do no harm
and may improve the operation of the de-
vice by reducing space charge. If the gas
pressure 1S too high, for example, so high
as to enable a discharge to occur by ioniza-

.tion with a cold cathode, then.the mean

free paths of the electrons become so short
that they are not controllable by a magnetic
field in the manner described. :

The anode conveniently may also consist
of tungsten, but various other materials,
for example molybdenum, copper or nickel,

may also be used. The cylindrical anode Is
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slotted, as shown in Figs. 14,and 17, to pre-

vent the anode from screening the space

between anode and cathode from the vari-

able field produced by coil 10. A metallic

5 deposit on the glass wall of the envelope

may be used as anode instead of a metallic
cylinder. ‘

The electrodes in the device shown in Fig.

1 are'arranged in circular or rotational sym-

10 metry with respect to each other.

arrangement is a desirable although not a

necessary attribute of a device embodying®

my invention. By circular or rotational
symmetry I mean an arrangement such that
15 the surfaces of the cathode and the anode
are substantially surfaces of revolution
_about a common axis which is preferably
_the major axis of the container. For ex-
ample, a cathode construction whereby sub-
20 stantially circular symmetry is obtained is
shown in Figs. 5 and 7.
In the construction shown in Fig. 5 the
cathode has the form of a helix, and in Fig.
7 it has the form of a double helix. When
25 the anode is relatively large the cathode
may have a shape widely departing from a
surface of revolution without losing the at-
tribute of circular symmetry. Kor ex-
ample, as shown in Fig. 9, the cathode may
50 consist of two wires 8 in the form of a V
without losing the attribute of circular
symmetry providing the wires are close
enough together so that the electric field be-
tween the cathode and the anode is essen-
85 tially radial. The anode likewise may as-
sume various forms without losing the at-
tribute of circular symmetry. For example,
the anode may consist, as shown in Fig.
10, of a substantially circular loop of wire 9
10 surrounding the cathode.
Surrounding the envelope 1 is some suit-
able means for generating a variable
-magnetic field. In the embodiment of my
imvention shown in Fig. 1, the tube is sur-
45 rounded by a solenoid 10. This solenoid
is connected to the conductors 11, 12, which
receive current from the secondary winding

of a transformer 18. The primary winding.

of the transformer 18 is connected in series

50 with a grounded .aerial 14. Connected
across the conductors 11, 12, is a variable
condenser 15 whereby the resonance of the
input circuit 11, 12 may be varied as desired.

- Surrounding the envelope 1 is a second

55 magnetic coil 16 which 1s supplied with
direct current through the conductors 17,
18, by a battery 19. Desired adjustments

of energizing current are made by, _an ad-

- justable resistance 20. It is the-function of
60 the coil 16 to generate a .polarizing field
- of desired value upon which is superim-
posed the fluctuating or variable magnetic
field generated by the coil 10, thereby vary-

" ing the electron current, as hereinafter ex-
85 plained. A choke coil 21 prevents the cir-

Such an .
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culation of high frequency current induced
in the coil 16." The output circuit 22 con-
tains a source of direct current represented
by a battery 23, a suitable detector as repre-
sented by a crystal 24, and a veceiving in-
strument, as, for example, the telephone re-
ceiver 25. : -
When the cathode 2 is maintained at suit-
able incandescence by the heating ‘current
and a suitable voltage is-impressed upon
the electrodes, a current flows in the output
‘circuit 22. With no modifying magnetic
field, the value of this current is determined
by various factors, among which are the
impressed voltage, the cathode temperature,
the size and geometrical relations of the
electrodes, and the resistance of the output
circuit. The electrons which carry or con-
stitute this current travel outwardly in
straight radial paths from the cathode to
the surrounding anode. When a magnetic
field is generated substantially parallel to
the cathode and hence substantially at right
angles to the electric field between the
electrodes, then the clectrons ave deflected
and caused to travel in a spiral path about
the cathode on their way to the anode.
As the field strength is increased the spiral
path of the clectrons becomes longer until
finally at a critical magnetic field strength
characteristic of any particular device, some
of the electrons fail to reach the anode by
reason of this deflection, thereby resulting
in a decrcase of current. When the field
strength is still further increased, above
this critical value, the electron current
rapidly falls and 1s finally reduced sub-
stantially to zero. In order to express the
fact that the electrons are prevented from
flowing through the space, as distinguished
from deflection, to another electrode, I may
say that the effective electron emission or
generation is reduced or entirely suppressed.
This relation between magnetic field and
current transmitted by the deviece is indi-
cated for different cathode temperatures by
the diagram constituting Fig. 2, the values
of the magnetic field being plotted as
abscissee and the corresponding current
(values as ordinates, the impressed voltage
being constant. It will be observed that
with any given filament temperature as the
strength of the magnetic field is increased
from zero, the current remains substantially
.constant until the magnetic field has reached
a value represented as oa. A further in-
crease of field strength produces a rapid
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reduction of .current until by a relatively

small increase of field strength 0b the cur-
rent is"reduced substantially to zero. The
‘branches of the curves designated as %, £,
and #, refer to different temperatures of the
_cathode. The maximum value of the cur-
rent may be limited either by the electron
‘emissivity of the cathode or by space charge
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without departing from the characteristic
shown in Fig. 2. For example, the curves
%, and ¢, may be assumed to refer to tem-
peratures such that the maximum current
i1s limited by the electron emissivity and the
curve ¢; may be assumed to refer to a tem-

Pperature so high that the maximum electron

current is limited by s

1t the polarizing field generated by the
coil 16 is fixed at some value between og and
0b, then even a small change of field
strength caused by a variation of field gener-
ated by the coil 10 will cause a relatively
great variation in the current transmitted by
the device.

The volt-ampere characteristic of the de-
vice with a constant magnetic field is shown
in Fig. 8. 1t will be observed that no cur-

ace charge.

rent passes until the voltage has risen to g

eritical value,
of the
of voltage above 0p causes a very rapid
increase in current up to a critical current
value oa, characteristic of the device. A
further increase of voltage causes the
current to rise as a 3/2 power function of
the voltage up to a saturation current not
indicated I the figure.

op, depending on the value

Fig. 4 vepresents by three curves the re--

lation between current and magnetic - field

- at different constant electrode voltages

40

designated by V,, V, and V., the cathode

temperature being assumed to be sufficiently

high so that the current is limited by space-
5 charge.

The dotted line drawn from zero
through the knees of the curves Vs, V,

and V, has substantially the form of a-

parabola. For the sake of convenience, I
will refer to the device above deseribed by
the name of “magnetron” by which it has
become known to engineers,

In the radio recelving system shown in

 Fig. 1, signals received by.the aerial 14

60

produce a variation of the current in -the
plate circuit 22 in- amplified measure pro-
viding the polarizing field has been proper-
ly adjusted. A suitable rectifying detector
24, shown symbolically as a erystal, renders
the signals ‘audible -by

25, As will hereinafter be described in con-

Tnection with Fig. 8, the magnetron 'may

itself be used as a detector of radio signals.

In Fig. 5 is illustrated a system for am-
plifying current of
wired telephone system. The terminal con-
ductors 11, 12 of the coil 10 are connected
to the secondary of a transformer 27, the
primary of which is connected to a trans-
mitter 28 in circuit with a battery 29. The
output circuit 22 of the tube is’ connected

to the primary of a transformer 80, and.

contains a battery 23 and an adjustable
resistance 81. A condenser 82 is connected
across the series combination of the bat-
tery and the resistance 81 to offer a low

applied magnetic field. An increase

CI 3 ]
"spect to the cathode.

a telephone receiver

audio frequency in .

resistance path for the audio fre
current. The secondary of the transformer
30 is connected to a telephone receiver 33.

In the telephone amplifier. system shown
m Fig. 6 several additional features of my
invention are embodied. In this system
two magnetrons A and B are connected in
series or cascade to amplify current undu-
lations produced by the telephone transmit-
ter 28. The cathode filaments of the mag-
netrons A and B are heated by alternating
current supplied by transformers 34, 35, re-
spectively, to the secondary windings of
which the cathode conductors 4, "5 are
directly connected. :

In the magnetrons shown in this figure
the functions of the polarizing and control
field windings of devices A and B are coni-
bined in single windings 86 and 36, respect-
ively. The polarizing field of the. tube A
is produced by a battery 37, connected i
series with a choke coil 38, and an adjust-
able resistance 89 across
41 A transmitter 28 is connected in series
with a battery 42 and a condeser 43
to the input cireuit conductprs 40, 41. Cur-
rent of audio frequency will pass through-
the condenser 43 but is kept out of the
polarizing circuit by the choke coil 38
while the polarizing “unidirectional current
s prevented from flowing in the trans-
mitter circuit by a condenser 43, Theé
direct current component of the transmit-
ter current will flow ‘in the civeuit of the
inductance coil 44, :

The circuit 45, 46, joining the output
circuit of the magnetron A to.the input
circuit of the magnetron B is cpnnected to
the mnddle point of the secondary winding
of the transformer 84, so that the anode
8 will be at an average potential with ve.
The: polarizing field
of the amplifier B is produced by a bat-
tery 47 connected in series with a choke
coil 48 and a resistance 49 across the con-
ductors 45, 46. The output circuit 50, 51,
connected between the anode. of the niagne-
tron. B and the middle point of the sec-
ondary of the transformer 35 contains a
battery 52 and a telephone receiver 53.

In Fig. 7, I have shown my new device
in connection with a- radio-telephone system.
The magnetron is used in this system to
generate high frequency oscillations modu-
lated by an audio frequency current.

The magnetron shown
vided with two magnetic windings 55 and
56. The -winding 55 for convenience is
shown on the drawing apart from the tube-
but it is to be understood that the field of
this' winding is interlinked .in any desired.
way with the field of the. winding 56 as
shown for example in F ig. 1. The winding
53 combines the functions of a polarizing
winding and a control winding as already

uency
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the conductors-40, -
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in Fig. 7 is pro-
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described in connection with the windings
36 and 36’ of Fig. 6. As the connections
of the telephone transmitter 28 to the wind-
ing 55 is identical with the corresponding
connection of Fig. 6 no further explanation
is necessary. ' _ oo

The winding 56 is connected in series
with the electrodes 2, 3, to a source of
direct current (not shown) by the con-
ductors 57, 58. Included in the conductor
57 is a choke coil -59 and the primary
winding of a transformer 60. An adjust-
able condenser 61 is connected in shunt to
the coil 56 and the transformer primary.
The secondary winding of the transformer
is connected in series with a choke coil 62
in a grounded antenna 63. With proper
tuning high frequency oscillations are pro-
duced by the action of the coil 56 on the
clectron” current, these ‘oscillations being
modulated by the coil 55. If unmodulated
oscillations are desired the coil 55 and its
cirenit members ave omitted. -

- The radio receiving system of Fig. 3
employs two magnetically controlled tubes,
a magnetron C being aised as an amplifier
and the magnetron D being. used as a de-
tector. '

The input -circuit 65, 66 of the tube C
is connected to the secondary winding of
a transformer 67, having its primary wind-
ing connected in series with a grounded an-
tenna 68. -An adjustable condenser 69 is
connected in shunt to the control winding

70. The polarizing winding 71 is supplied’

with rectified current derived from the
transformer winding 72 through the con-
ductors 73, T4 containing a vectifier 75, two
series connected resistances 76, 77 and 2
ballast vesistance 78 which steadies the cur-
rent. - Connected across the circuit; as indi-
-ated, are condensers 79, 80, 81 which with
the resistances 76, 77, 78 constitute a eapac-
ity-resistance filter to smooth out the undu-
lating rectified current. The core 83 of the
transformer has a primary winding 84 sup-
plied with current by an alternating cur-
A secondary winding
86 supplies the cathode 2 of the tube C with
heating current and a winding 87 supplies
the cathode of the hot cathode rectifier 75
with heating current. - :

The output circuit 89, 90 is connected to
the winding 91 of the tube D, the conduec-
tor 90 being -carried.to the middle point
of the winding 86 by the conductor 92 in
series with the condenser 81. Resonance is
secured by an adjustable condenser 93. The
cathode of the tube D is heated by alter-
nating current from a transformer 94. - The
output circuit 96, 97 is connected in series

“with a suitable direct current source (not

shown) ‘to an indicator 98, such, for ex-
ample, as a telephone receiver. .
The ampere turns of the winding 91 upon

EERUR
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the magnetion D are so chosen that the
magnetic field produced thereby is at the
critical polarizing value described in con-
nection with Fig. 1, at which an increase
of ficld strength produces a decrease of
current.  Hence a signal received by the
antenna and amplified by the tube C pro-
duces on increase of magnetic flux of the
winding 91 and a decrease of current in
the cireuit 96, 97, which is audibly or other- 75
wise indicated.

Devices embodying my invention are
stable and reproducible, are operable over
1 wide range of impressed voltages and a
small variation of magnetic field above the
critieal value produces a relatively large
variation of space current in the device.
These propertics render the deviee partic-
ularly advantageous as an amplifier, and
for other purposes:. As distinguished from
the three-electrode magnetically-controlled
electron device of my prior Patent 1,387,985
issued August 16, 1921, my present device
roquires essentially but two main electrodes
and the space between these electrodes is
unobstrueted. The variation. and control
of the current between the electrodes occurs
solely by the action of the magnetic field as
distinguished from the interception of elec-
trons by an intermediate electrode.

What T claim as new and desire to secure
by Letters Patent of the United States, is,—-
1. A vacuum tube of the pure electron -

discharge type having a cathode adapted to
emit electrons in combination with means 100
for impressing upon the space surrounding
said cathode a” magnetic field in such direc-
tion that when said field has a suffirient
magnitude a' reduction in the value of the
effective electron emission of said cathodes10s

70
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~will occur and means for varying said field.

9. An electron discharge apparatus com-
prising a vacuum tube of the thermionic
type, cooperating electrodes therein includ- -

‘ing a cathode adapted to emit electrons in- 110

dependently of gas ionization, means for
impressing a magnetic field upon an_elec--
tron current in said tube, said means being

so positioned with respect to said electrodes
that a small increase of field strength above 115
a critical value at a given operating voltage
will cause the effective emission of said
cathode to be reduced and means for vary-
ing said magnetic field within an operatin
range above said critical value. :

3. An electric device comprising a cathode
adapted to emit electrons independently of
positive ionization, an anode, an enclosing
sealed énvelope, thé space and parts within
said envelope being freed from gas to such 125
extent that transfer of energy between said
electrodes .occurs -“substantially independ-
ently of. positive ionization, means for sub-’
jecting the space between said electrodesto . -
a magnetic field of sufficient strength to pro- '130 '
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duce a decrease of current flow between said
electrodes at a given voltage and means for
Superimposing a variable field upon said
field.... -

4. A discharge device comprising a plu-

rality of electrodes, one of which is adapted
to.emit elettrons independently of @as ioni-

- ...zation, an enclosing sealed envelope, means

10

for impressing -2 magnetic field upon the
space hetween said electrodes, said field be-
ing spacially so related to said eclectrodes
and said device being sufficiently evacuated

=80 that-an increase of the effective strength

15

of said field above a critical value materially
decreases .the current carrying capacity of

~ said device..

-20

30

-a decrease of current

50

- above a critical value

55

wionization effects,

aeathode to said anode,

5.7An electric device comprising an elec-

wAron-emitting cathode, a cooperating elec-

trode, an enclosing sealed envelope, said de-
vice being freed from gas to such extent that
passagé.of current across the- space between
sald electrodes take place substantially inde-

~pendent ;of gas ionization, ‘electromagnetic

control means for varying an electron cur-
rent. between said electrodes, the electrodes
and magnetic means being spacially so re-
lated . ‘that :an increase -*of magnetic field
boye 4 eritical value produces a decrease
current,

6. An electric device comprising a cathode

operable " at incandescence, an anode ar-

ranged:in unobstructed spacial relation to
-said cathode, an enclosing evacuated enve-
lope, means for generating a magnetic field
of prede'térinineg value

allel to said cathode, and of such strength
that an increase of field strength produces
at a given operating
voltage, and means for varying said mag-
netic field. ’ .

7. Anelectric device comprising a cathode
adapted to emit electrons independently of
) an anode located: in unob-
structed relation to said cathode, an enclos-
ing evacuated envelope, means for generat-
ing
ling

olarizing magnetic field for control-

_the passage of electrons from said

said electrodes being

space within said en-

bem%r sufficiently evacuated and the
alu

so_positioned and the
velope_ bei
effective;
so chosen with respect to a given electrode
yoltage. that an increase of magnetic field

: produces a decrease of
current, and means for superimposing upon
said fleld a variablé magnetic field for vary-

- ing the current transmitted by said device.

60

structed’, radial

52:8. An electron discharge device compris-
ing ‘elecirodes so positioned in rotational
symmetry with respect to one another that
the electron flow may assume straight unob-
aths therebetween, mag-
tietic. means spacially so positioned with re-
-spect to.said electrodes that a magnetic field
-generated thereby which will be

s

-independently of gas ionization,

substantially par--

e of the magnetic field being g

substantially at right angles to an electron
discharge occurring therebetween, and an
envelope en:losing said electrodes, said en-
velope being evacuated to a residual gas
pressure so low that the operation of said
device will be substantially unaffected by
ionization.

9. An clectric discharge device compris-
ing an electron emitting cathode, and an
anode, said cathode being substantially
equidistant from the anode a all points, an
enclosing sealed envelope, means for gener-
ating an electromagnetic
the path of elestrons passing from said
cathode to said anode, the degree of evacu-

70

75

field normal to -

80

ation of the tube being such that an increase

of the magnetic field will cause a decrease
in space -current, a load circuit connected
to said electrodes, and an input cireuit con-
nected to vary said electromagnetic field.
10. In combination, an.electron discharge
apparatus adapted to operate substantially
i the elec-
trodes of which are constituted exclusively
by a cathode adapted when heated to emit
electrons and an anode surrounding said
cathode and arranged in substantially cir-
cular symmetry with respect to said cath-
ode, the space’ between said electrodes be-
ing unobstructed, means for producing a
magnetic field in a direction parallel to the

85
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axis of symmetry of said electrodes, and a

lcad circuit connected to said anode.

11. An electron discharge device having
electrodes constituted- solely by a cathode
capable of emitting electrons independently
of gas ionization, an anode normally receiv-
ing substantially the entire discharge from
sald cathode, means for generating a mag-
netic field at right angles to the path of the

electron discharge between said cathode and -

anode, and means for varying said field be-
tween a value at which an electron dis-
charge flows between said electrodes and a

higher value at which the current is Te-

duced substantially to zero.
. 12. In combination, an electron discharge

100

105

110

device comprising an- evacuated envelo%e, :
y

electrodes therein constituted exclusively

an_ electron emitting cathode and .a cylin-
rical anode arranged in circular symmetry
about said cathode leaving the intervening
space unobstructed for the passage ‘of elec-
trons, a-load circuit connected to said anode
and means for producing a magnetic field
in a direction parallel to the axis of sym-
metry of said electrodes for' controlling the

flow_of electrons from said cathode to said

anode, the relation of the parts of said de-
vice to the gas residde being such that the
device is capable of operation substantially.
unaffected by gas ionization. '

13. An electron discharge device compris-
ing electrodes one of which

rotational symmetry. with respect. to the

is arranged in = .
‘130
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120 .
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other and normally ‘carrying substantially
all of the current during operation, the in-
tervening space being unobstructed, an en-
closing envelope which ‘is evacuated suffi-
ciently to permit a discharge to pass- be-
tween said electrodes without substantial
gas ionization, means for generating a mag-

“netic field at substantially right angles to

10

18

the general direction of flow of electrons
between said electrodes and means for vary-
ing said field between a lower value at
which the electron current is substantially

unaffected and a higher value at which the

electron current is reduced to substantially
zero. ‘ '

14. An electric discharge device compris-
ing main  current-carrying electrodes ar-

‘ranged in circular symmetry in unob-

20

25

" 30

35

structed relation about a main axis, a con-

tainer therefor evacuated sufficiently to pre-

vent gas ionization discharges therein,
means for producing an -electromagnetic

field normal to the discharge path between.

said electrodes wherebv an increase of field
strength from zero to a critical value pro-
duces no substantial change of. electron cur-
rent obtainable with a given voltage applied
to said electrodes and at field values above
said critical value produces a rapid decrease
of electron current with a progressive in-
crease of said field.

15. An amplifier comprising the combina-

tion ofa discharge device comprising an elec-.

tron-emitting cathode, an anqde arranged
in circular symmetry about said cathode and

_ means for impressing a magnetic field upon

50

55

- closing evacuated envelope and means for-
generating a magnetic field normal to the-

the space between said electrodes, the degree
of evacuation of said device being such that

“an increase of effective field strength above

a critical value capses a decrease of current,
means for varying the strength of said mag-
netic field within the. range over which
changes of effective field strength are ac-
companied by changes in current carrying
capacity of said deviee, an input. circuit con-
nected to said magnetic means, an output
circuit connected to said cathode and anode,
a source of current in said output circuit

and a translating device in said output cir--

cuit, : .

16. An electric discharge device having
two electrodes only, one of which is a cath-
ode adapted to emit electrons independ-
ently of gas lonization, the space between
said electrodes being unobstructed, an en-

. discharge path between said electrodes.

60

65

- 17. An electric discharge device ‘contain-
ing two electrodes only, one of which is a
cathode adipted to emit electrons independ-

ently of positive ionization, the space be--

tween said electrodes being clear to permit
tinobstructed passage of electrons, an enclos-
ing evacuated envelope, means for impress-

-vice in said output circuit. -

1,528,776

ing a magnetic field upon the space between

‘said electrodes, the magnitude of said field

and. the degree of evacuation of said device
being such that an increase of effective

strength of said.field above a critical value 7

produces a decrease of current, and means
for varying the effective strength of said
magnetic field. : ’

18. An amplifier comprising the combina-

tion of a discharge device:comprising an.
electron-emitting cathode, an anode, and

means for impressing a magnetie field upon
the space between said electrodes, the degree

‘of evacuation of said device being such that

an increase of effective field strength above
a critical value causes a decrease of current,
an input circuit connected to said magnetic
means, an output circuit connected to the
electrodes of said device, a source of current
in said output circuit, and a translating de-

19. The method of operating an electron
discharge apparatus comprising an electron-
emifting cathode and an anode arranged in
circular symmetry directly about said cath-
ode which consists in'setting up a mag-

netic field parallél to said cathode, and in-

creasing the strength of said field beyond
a critical value characteristic of the device
whenever a reduction in current-carrying
capacity of said apparatus is desired.
20. The method of contr-lling the passage
of current in a device having an evacuated
receptacle containing an anode and a cath-
ode capable’ of emitting eléctrons inde-
pendently of an impressed voltage which
consists 1 applying a voltage between cuth-
ode and anode, impressing. a magnetic field
substantially parallel to said cathode and
producing variations in the strength of said
field between a critical value at which an in-

crease of field strength decreases the curient:
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and a saturation value of magnetic field -

strength at which substantially no electron
current flows.

21. The method of controlling the passage
of current in a device having an electron-
emitting cathode and an anode which con-
sists in impressing a voltage between said
electrodes to produce -current flow between
the same, impressing substantially parallel
to said cathode a varying magnetic field and

110

maintaining the gaseous pressure about said -

electrodes so low that a variation of mag-

‘netic field produces a variation of current

between said electrodes in an inverse. sense.

22. The method of controlling current in
a circuit which - consists inr causing the emis-
sion, of electrons from a cathode in said cir-

cuit_independently of gaseous ionization, °
".producing a flow of electrons from said cath-
.ode to an anode in substantially straight

radial paths in an evacuated space, and-gen-
erating a magneétic field at right angles to
the general course of said discharge, said
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field value being made of sufficient magni-
tude to materially reduce the effective elec-
tron emission from said cathode when a re-
duction of current is desired.

23. An apparatus for moditfying electric
currents comprising the combination of a
device having electrodes adapted to produce
an electron discharge,
cally controlling said discharge, an output
circuit connected to said electrodes, a secon
device having electrodes adapted to produce
an electron discharge, a second output circuit
connected thereto, means for magnetically
controlling said second discharge, connec-
tions between said first output circuit and

the control means for said second discharge,

and a translating device in said second out.

" _put circuit.

ts
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"spect to each other,

24, An apparatus for modifying or con-
trolling electric -currents comprising ‘the
combination of a set of electrodes-arranged
in substantially circular symmetry with re-
an enclosing evacnated
container, magnetic control means, ah input
circuit connected to said control means, a
second seét of electrodes arranged in sub-
stantial circular symmetry, magnetic con-

trol means therefor, a circuit connecting said .

first set of electrodes with said second con-
trol means, a source of electric energy insaid
cireuit, an ‘output circuit connected to said
second set of electrodes, and a source of
energy in said output circuit. :

25. An apparatus for amplifying variable
electric currents comprising the combination

of a set of electrodes arranged in substan-.

tial circular symmetry with respect to one
another, the cathode being adapted to be in-
dependently heated to incandescence, an
evacuated container therefor, means for gen-

erating a magnetic field substantially par-

allel to said cathode, an input circuit con-

“nected to said means, a second set of elec-

50

- trodes comprising an incandescible cathode,

an evacuated container therefor, means for
generating a magnetic field substantially
parallel to said second cathode, a circuit
connecting said first set of electrodes with

-said second magnetic means, a source of di-
‘Trect'current in said connecting circuit, chok§

. coils connected in-shunt to said respectiv

o1
it

magnetic control means, a load circuit con-
nected to said second set of electrodes, and
a source of energy in said load circuit.

26. An apparatus for amplifying curreits

- of audio frequency comprising the combina-
 tion of a-magnetron, a telephone transmitter
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connected to the input circuit of said magne-

-~ tron, a source of direct current ifr said cir-
- cuit, a:condenser connected in series with

means for magneti- -

7

phonic receiving apparatus connected to the
output circuit of said magnetron.

27. A telephone amplifier comprising the

combinzation of a magnetron, a source of cur-
rent for generating a polarizing field con-
nected to the magnetic control winding of
said magnetron, a telephone transmitter also
connected to said winding, a condenser con-
nected between said telephone transmitter
also connected to said winding, a.condenser
connected between said telephone transmit-
ter and said source. a transformer connected
to heat the cathode of said magnetron, a
second magnetron, an ele: trical circuit con-
nécting the magnetic winding of said second
magnetron to the middle point of said trans-
former, and to the anode of the first magne-
tron, a source of current in said cireuit, a
polarizing source of current connected to
the magnetic winding of said second magne-
tron, a choke coil connected in series with
said polarizing source, and a telephone re-
ceiving circuit connected to the electrodes
of said second amplifier. :

28. An electric discharge device having
two load-carrying . electrodes only con-
stituted by a substantially linear cathode
and a cylindrical anode located symmetrical-
ly about said cathode, an evacuated container
therefor, and means for-producing a mag-
netic field substantially parallel to the axis
of said anode. - ' o

29. An electric discharge device contain-
ing two electrodes exclusively, one of which
is adapted to emit electrons independently of
voltage applied thereto, said electrodes being
¢onstituted by ‘a- generally rectilinear elec.
trode and a second electrode havin the gen-
eral shape of a surface of revolution about
said rectilinear electrode, a container for
said electrodes evacuated sufficiently to pre-
vent substantial ‘positive - ionization, and
means for producing a magnetic field at an
angle to the discharge path between said
electrodes. - . :

30. An electric discharge device having
two electrodes only constituted respectively
by a substantial linear filamentary cathode
which is” adapted to emit electrons when
heated, a -substantially: cylindrical “anode
located ‘symmetrically ' about said cathode
and means for producing a magnetic field
substantially at right angles to an electro-
static field between said electrodes.

. 8L An electron discharge device com-
prising - an evacuated envelope, electrodes
therein -constituted -exclusively by an-elec-
tron-emitting cathode, and an anode enclos-
ing said. cathode and -means for producing
a magnetic field in such direction with re.

said transmitter and source, a second source ’spect, to the general course of electron cur-

of energy. connected to said input circuit

in shunt to said transmitter current source.

and condenser, a choke coil connected in

_series with said second source, and a tele-

rent 'between said electrodes that when a
constant voltage

and the magnetic

field strength is progres-
sively increased,

the effective electron emis-

is applied to said electrodes
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sion from said cathode is substantially un-
changed up to a definite value of field

~ strength, while with a small increase above

.said value the effective emission is reduced

substantially to zero.

32. An electron discharge device com-
prising an envelope having the space there-
1n evacuated to a pressure so low that an
electron discharge therein may occur with-

out material ionization, a cathode adapted -

to emit electrons independently of the im-

- pressed: voltage, a cylindrical electrode lo-

cated substantially symmetrically about said
cathode, means for producing a flow of load
current between said electrodes, and means
for producing a magnetic field substantially
at right angles to the load current between
said electrodes, said device having no elec-
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trode which may exert an electric field tend-

ing to deflect said electrons into a direction
parallel to said magnetic field.

33. The method of controlling the current

in an electric circuit which consists in pro-
ducing -a substantially pure electron dis-
charge. in said ecireuit, impressing a mag-
netic field substantially at right angles to
said discharge, and varying the strength of
said ficld in response to the current to be
controlled between a critical value sufficient-

Iy high to cause a decrease of current and
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a greater value at which substantially no -

current will pass..
In witness whereof. I have hereunto set
my hand this 27th day of January, 1920.

ALBERT W. HULL.



