April 28, 1936. E. D. McCARTHUR 2,039,102
CONTROL SYSTEM FOR GASEOUS DISCHARGE DEVICES
Original Filed April 28, 1934 2 Sheets-Sheet 1

7| ‘ 8 .
23 }zz
i
Il
|
I

Fio. 1. { )
'2 Sk ': <%,

/2

&
N

7
)

Fig.6.
| &

.
i

--=7

P 6
gL E = ‘5'5'{]
/0Nl P
7 22+ Fig.7.
A9 T 7
F 8
l
s
L anhn— 22
= I
JU—
39
.
27 /9 I
180 T SN F'Q 8
160 2% il
o 120 [‘
N2
R /20
§ /00 Add
89
2060 23
40 q 45 ma— 4/
ey e=a= T
A4 ol A 6 7 8
% a° /oKzo" 30° 40" 50° 60° 70° 80~ 30°100°110°120°130° 140°150 160" 70°180°
& ~/0 . — —
2ol | e "]
-30
Fig.9. - Tig.10.
Q 7. g 7 \

?

I
I

(.

iy ol
¢ ¢
—23 22 -22
Inventor:
- Elmer D.McArthyr,
B\m N §‘¢z by WMDV 5'(9

His Attormey



April 28, 1936. E. D. McARTHUR 2,039,102
CONTROL SYSTEM FOR GASEOUS DISCHARGE DEVICES
Original Filed April 28, 1934 2 Sheets—Sheet 2

- g2 ]
ﬂg 5./2/¢ AR~ 7
% B /7,
/8
s
0\ 34
Vel ==
37
3
)
> Fig.4.
‘ ~ 2
. / AN
F]g); 2 . y \(Z
OLL | ,>
¥ S f )
800 TR ! " \\
[ | A
700 i
[ 1/ 1] ! EE
400 // / / : .'Z-E
© i ./
Q.foo / / { /.‘E \
3 AN, . S
Q"{.#v / l 8L \
\ /1 ! ik
gaw / / ,l 63
E / // ." . & \
Q200 / | 4 '
3 Y4 ] 4 \
R, B ) 44 ] 11, \
Al I y
a% [ \
R/ i 20 Jo0 +0 50 (174 -40 =30 -20 -/0 o /0 20 J0 S0
FIELD STRENGTH-GAUSS D.C. FIELD STRENGTH -GAUSS
Imnventor:

Elmer D. IbcArthur,

- His Attorney.



10

15

30

40

Patented Apr. 28, 1936

2,039,102

UNITED STATES PATENT OFFICE

2,039,102

CONTROL SYSTEM FOR GASEOUS
. DISCHARGE DEVICES

Elmer D. McArthur, Schenectady, N. Y., assignor
to General Electric Company, a corporation of

New York

Application April 28, 1934, Seriail No. 722,919
Renewed January 28, 1936

13 Claims.

The present invention relates to electric dis-
charge apparatus, more particularly to systems
for controlling the initiation of an arc or giow
discharge in devices of the gaseous type. Devices
of this sort usually contain a plurality of co-
operating electrodes and an ionizable medium,
such as mercury or inert gas, the purpose of
which during operation is to neutralize space
charge and to permit cumulative ionization.
Tubes of this character pass an arc-like or glow
discharge between the electrodes and are capable
of handling relatively large amounts of current,
since the voltage losses in the tube are reduced
to a minimum. -

The McArthur application, Serial No. 722,918
filed  April 28, 1934 and entitled “Electric dis-
charge devices and control apparatus therefor, as-
signed to the same assignee as the present in-
vention, discloses and claims a novel form of con-
trol for gaseous discharge devices -for determin-
ing when the arc or glow discharge shall be in-
itiated during each positive half-cycle of the
anode voltage. In general, that application dis-
closes the use of a magnetic field for deflecting
electrons emitted by the cathode and contained
within a deflection chamber, thereby preventing
the electrons from reaching the anode and from
producing cumulative ionization within the de-
vice. That application exemplifies the inven-
tion by way of illustration as a tube in which the
electrons are emitted from the end of a hollow
cathode, i. e. the electrons move in a direction
parallel to the longitudinal axis of the tube,
through an opening in the deflection chamber,
and the magnetic field is illustrated as an elec-
tromagnet having pole pieces positioned in the
transverse axis of the tube. The strength of the
magnetic field is controlled by means of an elec-
trical circuit energized by direct current passing
through a variable resistance. .

The McArthur application Serial No. 722,917
filed April 28, 1934 and entitled “Electric dis-
charge devices”, assigned to the same assignee
as the present invention, discloses and claims the
adaptation of the magnetic method of controlling
the initiation of the arc or glow discharge to a
tube in which the electrons move radially or
sidewise from a cathode to a surrounding or ad-
jacent anode. In this case, the source of the
magnetic field takes the form of a solenoid sur-
rounding the envelope so that the magnetic lines
of force pass longitudinally through the envelope
and thereby intercept the direction of the dis-
charge which flows transversely of the envelope.
The control of the magnetic fleld in this ap-

(CL. 250—27)

plication is exemplified as a Selsyn motor sup-
plied with alternating current, the armature of
the motor being adjustable to regulate the phase
of the current flowing through the solenoid.

The present invention has for one of its ob- g
Jjects, an improvement in the manner of control-
ling the magneto-motive force provided by the
electromagnet, to the end that a modified form
of phase control may be applied to the mag-
netic structure by means of which the initiation jg
of the arc-like discharge in the tube may be more
conveniently and accurately controlled. Thus
the primary object of the present invention is
to provide an improved form of magnetic con-
trol for gaseous discharge devices. Another ob- 15
ject is to provide a magnetic control for devices
energized by alternating current in which the
initiation of the arc or glow discharge is deter-
mined by the phase relation between the current
energizing the device and the magnetomotive gg
force of the control apparatus. A still further ob-
ject is to provide a control for the devices men-
tioned in which the magnetomotive force em-
ployed for control purposes is varied by changing

" the magnetic reluctance or resistance of the con~ gy
trol apparatus.

The invention will be better undersvood when
reference is made to the following specification
and accompanying drawings in which Fig. 1 is
an elevational view, partly broken away and in ggp
section, of a gaseous discharge device and struc-
ture for producing a transverse magnetic field.
This figure also shows a circuit for energizing
the tube and magnetic structure. Figs. 2, 3 and
4 show certain control characteristics of the ap- 35
paratus illustrated in Fig. 1. Fig. b illustrates a
tube similar to that shown in Fig. 1 but sub-
jected to a different form of magnetic control.
Figs. 6 to 10 inclusive show modified forms of
maghetic control. 40

Referring more particularly to Fig. 1, numeral
i designates an envelope of vitreous material
which is provided at the top, as shown, with &
metal terminal member 2 and at the bottom, with
a metal base 3 carrying a plurality of terminal 45
pins 4 insulated from one another. The envelope
terminates in a reentrant stem and press 5 and
contains a cathode 6, an anode 7T and an electrode
8. The cathode 6 may be of the conventional in-
directly heated type and consist of an outer cylin- 5, -
der and an inner cylinder (not shown) secured to
the outer cylinder by longitudinally extending
vanes (not shown). Recesses formed between the
cylinders and vanes may be coated with electroni-
cally active material. The inner cylinder con- 56
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tains a centrally positioned heater 8, only the
lower end of which is illustrated. This type of
cathode is shown and claimed in the Hull and
Ruggles Patent No. 1,924,318, granted August 29,
1933.

The cathode is preferably supported from the
press by a palr of rigid leading-in conductors 10
which carry the load current, also the current to
the heater 8. The return conductor for the
heater is constituted of a leading-in wire {1 sealed
in the press.

The anode is mounted preferably at the oppo-
site end of the envelope from the cathode and may
be constituted of an inverted dish-shaped metal
member secured in place by the equidistantly
spaced wires 12, and thé central wire 18, which
carries a pant-leg 14. The wire 13 is extended

.through the glass envelope to connect with the

terminal 2.

Surrounding the anode and cathode, there is a
cylindrical metal member 8 provided with a trans-
verse metal web 16 having a central opening (7.
The cylinder 8 is mounted in place by a plurality
of equidistantly spaced support rods I8 secured to
a screw clamp member {9 which surrounds the
reentrant stem. Electrical connections are taken
from the member 8, or rather, from the clamp 19
to one of the contact pins 4. There are also con-
nections between the cathode 6 and one of the
pins 4, and between the heater 11 and another of
the pins.

The envelope contains an ionizable medium
which may consist of an inert gas such as argon
at a pressure of from 50 to 800 microns, or a va-
por such as caesium, or mercury.

Alternating voltage may be applied between the
anode T and the cathode 6 by means of an alter-
nator 43 through an adjustable transformer (not
shown). The heater may be supplied with en-
ergy from a battery 20 or any other convenient
source. The electrode 8 may be either connected
directly to the cathode, as indicated, by the con-
ductor 21, or may have a separate bias assigned
thereto, either negative or positive with respect to
the cathode, provided by a battery (not shown).
When a tube and system such as described, is
operated, an arc or glow is formed between the
cathode and anode during each recurring positive
half-cycle of the anode voltage, provided the neg-
ative bias on the electrode 8 is not too large.

In order to control the average amount of cur-
rent flowing through the tube under these con-
ditions, it is of course necessary to determine pre-
cisely the point in each positive half-cycle of
anode voltage when the arc shall start. For this
purpose, there is provided a magnetic field which
intercepts the space between the upper end of
the cathode 6 and the transverse member or par-
tition 16 of the electrode 8, the field being so di-
rected as to pass through the tube normal to its
longitudinal axis. The magnetic field is pref-
erably obtained from an electromagnet which
may consist of a U-shaped laminated core 22, with
pole pieces directed toward the tube as shown,
with some provision for magnetically energizing
the core by which to produce the necessary mag-
netomotive force. One feature of the present in-
vention is concerned with the manner in which
this core is magnetically energized,

In accordance with the present invention, I
provide the core 22 with three windings 23, 24 and
25, the first two of which are energized by direct
current obtained from a battery 26 or other suit-
able source of electromotive force, and the third
coil, 1. e. coil 25, is energized by an alternating cur-
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rent source 21. The colls 28 and 24 are oppositely
wound on the core and are conductively con-
nected together by & mid-tap 28 which is adapted
to slide over a potentiometer 29, connected in
shunt to the source 26. The current through the
winding 28 is likewise adjustable through a po-
tentiometer 30 connected across the source 271.

It is apparent that the effect of moving the tap
28 on the potentiometer 28 is to change the dif-
ferential amounts of direct magnetomotive force
passing through the core 22. When the tap is
moved tn the extreme left-hand position of the
resistance 29, magnetomotive force of one direc-
tion is obtained whereas by moving the tap to the
other end of the potentiometer, magnetomotive
force of the other direction is obtained. Interme-
diate positions of the tap provide a differential
magnetomotive force moving in one or the other
direction. Thus, magnetomotive force of some
one direction is produced by the coils 23 and 24,
and this energy is combined with or superposed
on the alternating magnetomotive force produced
by the coil 25. It is evident that any desired pre-
ponderance of the direct or alternating magneto-
motive force may be obtained by proper adjust-
ment of the potentiometers.

As stated in the McArthur application Serial
No. 722,918, the effect of the transverse magnetic
field in the region of the space bounded by the
cathode and the baffle or web member 16, where
there is a low potential region, is to defiect many
of the electrons emitted by the cathode through
large angles and to cause the same to be either
collected by the electrode 8, depending upon the
polarity of the latter, or else returned directly
to the cathode. In either case, these electrons
do not pass through the opening 17 and hence
cannot reach the anode. Consequently, these
electrons are lost insofar as producing cumula-
tive ionization of the gas in the tube is concerned
and if a sufficient number of electrons are de-
flected in this manner, the arc-like discharge will
be restrained throughout the entire positive half-
cycle of the anode voltage. Obviously, by vary-
ing the strength of the magnetic field, greater
or less numbers of the electrons may be deflected
and consequently, the point in each positive half-
cycle of the anode voltage at which the arc shall
start may be accurately determined by proper
adjustment of the magnetic field,

As stated hereinbefore and in accordance with
the present invention, this adjustment is obtained
in the structure shown in Fig. 1, by a composite
magnetic field, representing the combination of
alternating current and direct current energi-
zation.

The effectiveness of the direct current magnetic
field operating independently of the alternating
current field, and the effectiveness of the com-
posite field in providing improved control of the
initiation of the arc or glow in the gaseous dis-
charge device are shown in the characteristics
depicted in Figs. 2, 3 and 4. In Pig. 2, there is
shown a set of curves plotted against the anode
potential in volts at breakdown (1. e. immediately
prior to the initiation of the arc or glow dis-
charge) as an ordinate, and a direct current field
strength in gauss necessary to prevent break-
down under these voltage conditions, as abscissa,
for different temperatures of the gaseous medium
which in the case of mercury or other vapor,
determines the pressure thereof. Thus for a
given curve, for example, when the temperature
of the mercury condensate is 40° C. and the
anode voltage is approximately 500, a fleld
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strength of approximately 30 gauss, in the case
of the tube shown in Fig. 1, would restrain the
arc or glow from starting. For field strengths
less than 30 gauss under these conditions, the
arc would start.

Figs. 3 and 4 show the effect of the composite
alternating and direct current magnetic fields.
In Fig. 3, curve a is plotted with voltages as ordi-
nate, and degrees as abscissa, to represent a plot
of the positive half-cycle of the voltage applied
to the anode. Curve b is a plot of the magneto-~
motive force applied to the tube by current flow-

_ ing through the coil 25 of Fig. 1, and this curve
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is plotted with gauss as an ordinate and degrees
as abscissa to correspond with those of the anode
voltage. Curve b may be considered as repre-
senting the “alternating current control flux.”
Curve c is also plotted with gauss as an ordinate
and degrees as abscissa and represents the “criti-
cal” or “breakdown” flux necessary to restrain
the arc or glow from being initiated. Data for
the curve ¢ may be obtained from the static
characteristic curve shown in Fig. 2. It will be
noted that the curve ¢ is constituted of two

similar configurations above and below the zero

axis, the upper half of the curve representing the
critical or breakdown flux for magnetomotive
force in one direction and the lower half of the
curve representing the same conditions when the

magnetomotive force is in the opposite direction.

It is apparent that when the flux caused to move
through the core 22 is greater than the flux
values represented by the upper half of the curve
¢, for a given direction of direct flux or greater
than the values represented by the lower half
of the curve ¢ for the opposite direction of the
direct fiux, the arc or glow will be restrained so
long as the flux in the core remains greater than
the amounts set forth, On the other hand, if
the flux in the core is less than the values indi-
cated by either half of the curve c, depending
upon the direction in which the direct flux is
moving, the arc or glow will be initiated and will
continue to flow throughout the remainder of
the positive half-cycle of the anode voltage. Con-
sequently, whenever the curve b which repre-
sents the alternating control flux introduced by
the coil 25, intercepts either half of the curve c,
the arc or glow will be initiated since the alter-
nating control flux becomes less at times than
the amount of flux necessary to restrain the arc
or glow from starting. It is therefore apparent
that by controlling the positions where the curve
b intercepts the curve ¢, a positive control of the
initiation of the arc or glow may be obtained.
Such g control is most conveniently obtained by
simply moving the curve b vertically upwardly
cr downwardly until the proper point of inter-
ception is made, and this vertical movement may
be brought about practically by adding or sub-
tracting direct fix to or from the alternating
flux. Thus in Mig. 1, as the tap 28 is moved
over the potentiometer 28, greater or less amounts
of direct flux are introduced into the core 22,
and the effect of the change in the direct flux
is superposed upon the alternating flux intro-
duced by the coil 25 to change the vertical posi-
tion of the curve b and hence, to change the
position where this curve intercepts the curve c.
A certain amount of confrol may obviously also
be obtained by keeping the tap 28 fixed but
moving the tap on the potentiometer 30, which
in effect changes the magnitude of the mag-

‘netomotive force introduced by the alternating

current while the direct current field remains

3

the same. It will be apparent that in moving
the curve b vertically by means of a superposed
biasing direct current field of either a positive
or a negative character, the net effect is to move
the curve b to the left or right and hence change
its phase relation with respect to the anode volt-
age curve a. Thus by the use of a composite
field, representing direct and alternating fluxes
flowing through the core 22, a phase control of
the smoothest kind-is obtained for initiating the
arc or glow in the tube I, Small variations in
the alternating or direct fluxes produce small
changes in the point in each positive half-cycle
of anode voltage at which the arc is started. This
phase method of control as applied to a com-
bined tube and magnet system is so gradual and
smooth that & continuous variation of the point
in the positive half-cycle of anode voltage at
which the arc is started, may be obtained sub-
stantially throughout the entire half-cycle of
voltage. :

Fig. 4 graphically depicts the effectiveness of
the phase method of control. In this figure, the
curve is plotted with the output current in am-
peres as ordinate and direct current field strength
in gauss as abscissa. In the operating condition,
shown to the left of the zero vertical axis, the
direct field is in the opposite direction to the
condition shown to the right of the vertical zero
axis. The two conditions of the direct field are
of course obtainable by simply moving the mid-
tap 28 from one end of the potentiometer 29 to
the other end. This curve was taken from data
actually obtained when the core 22 had flowing
through it, in addition to the direct field referred
to, an alternating field of approximately 16 gauss.
As the direct field was changed from one direc-
tion to another, keeping the alternating field the
same, a continuous control of the output current
was obtained between approximately —35 gauss
direct field to approximately 38 gauss of positive
direct field. )

It is therefore apparent that I have disclosed
a novel form of control employing a magnetic
structure in which composite alternating and di-
rect flelds. are superposed on one another for the
purpose of obtaining & continuous control of the
output current of a gaseous discharge device
throughout substantially the entire positive half-
cycle of the anode voltage,

Fig. 5 shows another form of control in which
a direct current flux is superposed, either by ad-
dition or subtraction, on an alternating flux for
the purpose of obtaining an effective phase shift
between the magnetic field and the alternating
voltage applied to the anode. In this figure, the
tube { is identical with the tube shown and de-
scribed in connection with Fig. 1 and further
description is unnecessary in view of the similar-
ity of the reference characters. However, in this
figure, the heater is illustrated as being energized
by an alternating current through a transformer
37. As in the case of Fig, 1, the electrode 8 is
connected to the cathode, in this case, to the mid-
point of the secondary of the transformer 37, al-
though it will be understood that if desired, this
electrode may be biased at any suitable potential
with respect to the cathode.

For obtaining the necessary magnetic field, a
core 3f is provided with pole pieces which ex-
tend toward the tube in a transverse direction,
the direction of the pole pieces being such as to
intercept the electron-deflecting chamber con-
tained between the cathode 6 and the web or baf-
fle member 16. The lower horizonta] leg of the
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direct current (not shown).

4

core 31 terminates in a pair of arcuate portions,
leaving a space through which a variable direct
flux may be introduced. This flux may be pro-
vided by an electromagnet 32 which is adapted to
revolve for control purposes, the magnet being
energized by & coil 33 connected to a source of
If desired, a per-
manent magnet may be substituted for the strue-
ture 32, 33. A coil 34 is wound about one of the
vertical legs of the core 3{, the coil being ener-
gized through a transformer 35 connected to a
source of alternating current 36. The laiter may
also be arranged to provide alternating current
energy for the tube I. It is apparent that the
tube ! has a critical or breakdown flux charac-
teristic, similar to that described in connection
with Fig. 1, so that when the flux in the core 31
falls below the critical value, the arc or glow in
the tube will be initiated and the tube will con~
duct. The flux in the core 31 may be changed in
any degree by simply rotating the magnet 32,
which either adds or subtracts the flux intro-
duced into the core by the alternating current
coil 34, Obviously, if desired, the magnet 32 may

be connected to rotating apparatus, such as a

grindstone, so that when the stone is revolving
too fast, for example, the flux in the core 3i
js of such a value as to ignite the tube | and there-
by bring into action relays or other control de-
vices (not shown) for reducing the speed of the
stone. Many other uses for the revolving mag-
net as a protective or other form of control will
readily occur to those skilled in the art.

Figs. 6 to 10 inclusive show forms of control
in which the reluctance or resistance of the mag-
netic circuit is affected. In these figures, the
tube is shown in diagram and similar reference
characters are given to the electrodes as in Figs.
1 and 5. Referring to Fig. 6, it will be noted that
the core 22 is energized by a direct current coil
23. The core is provided with an air-gap at the
lower leg and into this air-gap there may be
inserted, in a variable manner, an armature 38
of magnetic material which serves to change the
reluctance of the magnetic circuit, Obviously,
if desired, the change in reluctance may be super-
posed upon a change in the electric current flow-
ing through the coil 23 to obtain any desired con-
trol of the initiation of the arc in the tube I.
Assuming that the armature 38 is inserted so as
practically to close the air-gap, as indicated by
the dotted line position, and that the magnetic
fleld passing through the deflection chamber of
the tube is just sufficient to restrain the arc or
glow discharge, a withdrawal of the armature will
permit the tube to conduct. In Fig. 7, the re-
luctance of the magnetic circuit is changed by a
rotating disk 39 of magnetic material which may
carry inserts (not shown) of non-magnetic ma-
terial. In this case, the tube will conduct when
the insert enters the air-gap.

Fig. 8 shows the application of the invention
to a magnetic system in which not only an aux-
iliary air-gap 40 in shunt to the air-gap through
the tube is provided, but also a core section 41
of small cross-section and capable of being sat-
urated by the magnetomotive force introduced by
the coil 23. The length of air-gap 40 may be con-
trol'led by a movable armature such as was ex-
plained in connection with Fig. 6, or by a rotat-
ing disk as explained in connection with Fig. 7.

Fig. 9 shows a magnetic system similar to that
described In connection with Fig. 6 except that
the auxiliary air-gap is so shaped, i. e. tapered, as

2,089,103

to make the reluctance change at any desired rate
as the armature 38 moves.

Fig. 10 shows a magnetic system in which a di-
rect flux moving successively in opposite direc-
tions is introduced into the core 22 by means of a

5

rotating armature 42 carrying an electromagnet .

or & permanent magnet. In this case, the tube
conducts when the rotation of the armature

causes the flux in the core to fall below & critical

value,

What I clalm as new and desire to secure by
Letters Patent in the United States is:

1. In combination, an electron discharge de-
vice comprising an envelope containing a source
of electrons, an electron-recelving member and
an electrode mounted therebetween, an ionizable
medium in said envelope at a pressure under op-
erating conditions sufficient to support an arc-
like discharge, means for producing a magnetic
field which intercepts the direction of said dis-
charge, means including & source of alternating
current for energizing said device and for pro-
ducing an alternating flux in said magnetic
mesans, and means including a source of direct
current for superposing a direct flux on said al-
ternating flux.

2. In combination, an electron discharge device
comprising an envelope containing a source of
electrons, an electron-receiving member and an
electrode mounted therebetween, an ionizable
medium in said envelope at & pressure under op-
erating conditions sufficient to support an arc-like

‘discharge, means for producing a magnetic field

which intercepts the direction of said discharge,
means including a source of alternating current
for energizing said device and for producing an
alternating flux in said magnetic means, means
including a source of direct current for superpos-
ing a direct flux on said alternating flux, and
means for varying the alternating and direct
fluxes.

3. In combination, an electron discharge de-
vice comprising an envelope containing a source of
electrons, an electron-receiving member and an
electrode mounted therebetween, an ionizable
medium in said envelope at & pressure under op-
erating conditions sufficient to support an arc-
like discharge, means for producing a magnetic
fleld which intercepts the direction of said dis-
charge, said means comprising a metal core hav-
ing pole pieces mounted transversely of said en-
velope, & plurality of coils on said core, a source of
alternating current for energizing said device and
one of said coils, and a direct current source for
energizing the other of said coils.

4. In combination, an electron discharge de-
vice comprising an envelope containing a cathode,
an anode and an electron deflection chamber, said
electron deflection chamber comprising a cylin-
der having a transverse member interposed be-
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tween the cathode and anode and provided with |

a discharge opening, an {onizable medium in said
envelope at & pressure under operating condi-
tions sufficient to support an arc-like discharge,
a magnetic core mounted on the exterior of the
envelope with pole pieces extending transversely
of the envelope, in line with said deflection
chamber, means for producing a magnet:c flux in
said core having a strength sufficient to deflect the
electrons emitted by the cathode away from said
discharge opening, said means including a plu-
rality of coils on the core, two of the coils be-
ing wound in opposite direction and energized by
direct current, and a third coil energized by alter-
nating current.
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8. In combination, an electron discharge de-
vice comprising an envelope containing a source
of electrons, an electron-receiving member and
an electrode mounted therebetween, an ioniz-
able medium in said envelope at a pressure under
operating conditions sufficient o support an arc-
like discharge, means including a magnetic struc-
ture for producing a field which intercepts the
direction of said discharge, said field having a
maximum strength sufficient to prevent initiation
of said discharge, and means for varying the re-
luctance of thé magnetic structure whereby in-
itiation of the discharge and the average amount
of current flowing through the device may be con-
trolled.

6. In combination, an eleciron dischiarge device
comprising an envelope containing a cathode, an
anode and an electron deflection chamber there-
between, an ionizable medium in said envelope at
2 pressure under opersting conditions sufficient to
support an arc-like discharge, means including a
magnetic structure for producing a fleld which
intercepts the direction of the discharge within
the deflection chamber, said field having a maxi-
mum strength sufficient to prevent initiation of
said discharge, said magnetic structure including
& core member provided with & variable air-gap
whereby initiation of the discharge and the aver-
age amount of current flowing through the device
may be controlled.

7. In combination, an electron discharge de-
vice comprising an envelope containing a cath-
ode, an anode and an electron deflection cham-
ber therebetween, an ionizable medium in said
envelope at a pressure under operating condi-
tions sufficient to support an arc-like discharge,
means including a magnetic structure for pro-
ducing a field which intercepts the direction of

- the discharge within the deflection chamber, said

fleld having a maximum strength sufficient to
prevent initiation of said discharge, said mag-

netic structure including s core member pro-

vided with an air-gap, and means for introduc-
ing a variable magnetic field into the core at the
air-gap whereby initiation of the discharge and
the average amount of current flowing through
the device may be controlled.

8. In the art of controlling the initiation of a
gaseous discharge in a device containing a cath-
ode, an anode and an ionizable medium by means
of a direct magnetic field, the method which con-
sists in defiecting electrons emitted by the cath-
ode away from the anode by the direct field,
thereby preventing cumulative ionization, and
varying the direct field by combining therewith,
an alternating field in order to determine when
the discharge shall start.

9. In the art of controlling the initiastion of
@ gaseous discharge in a device containing elec-
trodes and an lonizable medium by means of a
direct magnetic fleld, the method which consists

5

in uiflizing the magnetic field to cause the elec-
trons to move in such g direction as to prevent
inelastic collisions with the positive ions of the
ionizable medium, and varying the field by peri-
odically adding and subtracting variable amounts
of magnetic field whereby elastic ionizing col-
lisions in predetermined amounts between the
electrons and positive ions are permitted and the
gaseous discharge starts.

10. In the art of controlling the Initiation of
8 gaseous discharge in a device containing a
cathode, an anode and an ionizable medium by
means of a direct current field, the method which
censists in deflecting electrons emitted by the
cathode away from the anode by the ficld thereby
preventing cumulative lonization, and varying the
direct field by periodically adding and subtract-
ing variable amounts of magnetic field whereby
cumulative ionization in a predetermined degree
is permitted in order to start the discharge.

11. In the art of confrolling a gaseous dis-
charge in a device containing a cathode, an an-
ode and an icnizable medium by a direct mag-
netic field, said device being energized by alter-
nating current and said magnetic field having
a maximum strength sufficient to restrain the
discharge from flowing during the positive half-
cycles of anode voltage, the method which con-
sists in utilizing the magnetic field to reduce the
number of ionizing collisions between the elec-
trons emitted by the cathede and the molecules
of the ionizable medium, and varying the direct
fleld by combining therewith, a variable alter-
nating magnetic field whereby the position in
each positive half-cycle of anode voltage at which
the gaseous discharge starts may be controlled.

12. In the art of controlling a gaseous dis-

charge in g device containing a cathode, an anode

and an ionizable medium by means of a direct
magnetic field, the method which consists in de-
flecting electrons emitted by the cathode away
from the anode by the direct field, thereby pre-
venting cumulative ionization, and varying the
direct field by changing the reluctance of the
magnetic circuit. .

13. In the art of controlling the average
amount of current flowing through s gaseous
discharge device containing g cathode, an anode,
an ionizable medium, and energized by alternat-
ing current, the method which consists in mag-
netically deflecting, by a fleld of constant direc-
tion, the electrons emitted by the cathode away
fromw the anode, thereby preventing cumulative
iomization, and varying the field by pericdically
changing the reluctance of its magnetic circuit
whereby the position in each positive half-cycle
of anode voltage at which the gaseous discharge
starts and the average amount of current through
the device may be controlled.

ELMER D. McARTHUR.
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