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APPARATUS AND METHOD FOR GENERATING
HIGH TEMPERATURES |

Adriano C. Ducati, Corona Del Mar, Calif.,, assignor, by
mesne assrgnments, to Plasmadyne Corporation, Sania
Ana, Calif,, a corporation ef California |

Filed May 1, 1958, Ser. No. 732,304
11 Claims, (Cl 315—163)

This invention relates to an apparatus and method for
generating high temperatures, and high-intensity light.
The invention pertains to the general field of discharge-
type devices for generating momentarily temperatures
measured in millions of degrees.

Discharge-type devices of the class mdicated may be

divided into those employing electrodes, and those effect-

ing a discharge in space. Devices employing electrodes
present substantial problems of contamination due to the
vaporization of electrode material. This produces, par-
ticularly in the case of repetitive operation, detrimental
effects because of the high radiation capabilities of
vapors of impurities. It follows that a large amount
of the energy stored in the discharge is dissipated in the
form of radiation, thereby reducing the eﬁecﬂve tern—
perature of the gas.

With relation to devices which eﬁeet discharges in
space, that is to say without electrodes, these conven-
tionally consist of a toroidal chamber which produces, in
conjunction with magnet means and by virtue of a pinch
effect, a toroidal plasma concentration of filament-like
dimensions.
is readily radiated because of the geometry of the appa-
ratus. For this and other important reasons, such ap-
paratus has been characterized by limitations as to the
maximum temperature which may be achieved, it being
difficult to supply energy at a rate sufficiently fast to per-
mit the attaining of ultra high temperatures. Other
limitations and defects of such toroidal-type plasma de-
vices have included a relative instability of the plasma.

In view of the above factors characteristic of discharge-
type devices for obtaining extremely high temperatures,
and intense sources of light, it is an object of the present
invention to provide a method and apparatus for generat-
ing, in the absence of electrodes, a volume of plasma
sufficiently small that its ability to accept energy may be

matched to the rate of addition of energy required for

reaching the desired temperature.
A further object 1s to prnvrde a method and apparatus

for achieving a discharge in a very small volume, ap-

proaching a point.

Another object is to provide apparatus and method
for achieving very high temperatures through the use of
three-dimensional implosions created by three-dimen-
sional magnetic fields of predeternnned shapes.

A further object of the invention is to provide novel
shaped cavities for the production of three-dimensional
magnetic fields.

Another object of the invention is to provide novel
apparatus for producing pulsed magnetic fields, such ap-
paratus having extremely low inductance in order that the
rate of change of magnetic field strength will be very
great.

Another object of the invention is to provide an ap-
paratus and method for aehiewng a very dense concen-
tration of ionized particles in a space which approaches

a point, through the use of a generally spherically im-

ploding shock wave.

The energy stored in this pinch of plasma
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These and other ebjects and advantages of the inven-
tion are more fully set forth in the following specifica-
tion and claims, considered in connection with the at-
tached drawings to Whrch they relate.

In the drawmgs | | |
Figure 1 is a perspeetwe view of one. fnrrn of appa- |

- ratus constructed in accordance with the present inven-
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tion, characterized by a plurahty of lune-like elements

each of which is electrreally connected to a plurahty of

genera]ly radial plates;
Figure 2 is a horizontal seetlon taken on hne 2—2

of Figure 1 and showing, in schematic form, one elec-

trical circuit adapted to be associated with the apparatus |

of Figure 1;
15

| Figure 2;

- Figure 3 1S a fragmentary sectien on. 11ne 3-—-3 of

Flgure 4 is a schematle view eorrespendtng generally

to Figure 2 and showing a second type of eleetrrcal c:1r- |
cuit associated Wlt]l the apparatus

Figure 5 is a schematic view corresponding mughly
to Figure 1, but showing a modified form of apparatus

in which the lune-like elements are cut into sections such

as spherical trtangles and spherical rectangles;
Figure 6 is a vertical sectrun taken on line 6—6 of

Figure 5;

in fragn entary sehe—

Flgure 7 18 a View 111ustrat1ng,

matic form, one type of electrical circuit for association

with the structure shown in Figures 5 and 6; and
Flgure 8 is a fragmentary schematic view 111ustrat1ng |

one form.of trigger or switching device for 1n1t1at1ng the |
flow of current through the apparatus. |

- Stated generally, the present invention ach_teves ultra

high temperatures, and provides an intense hght source,
by creating a relatively dense concentration of ions (and -
39 -__electrons) at a ponlt or a small volume appreaehmg a
point, mstead of a snmewhat uniform concentration aleng
‘a line as in the case of toroidal structures.

complished by creating a three-dimensional implosion in

This is ac-

speelally shaped cavity, through the use of pulsed mag-
netic fields of great strength An important aspect of
the .invention is in the provision of apparatus having a

- very low inductance, and high current-carrying capacity,
‘in order that the rate of change of magnetic field strength
may be Very great
less discharge is highly stable and is capable of accepting

The resultlng point-like electrode-

energy at. a rate greater than the rate at which it. radiates

“energy, so that extrenrely high temperatures are achieved.

The apparatus of the invention comprises, In general

felectrlcai conductor means shaped and disposed in such
‘manner as to define a generally sphermdal cavity.
cavity may be oblate, prolate, or other variations from
true spherieal in order to achieve the most advantageous
-dlStI‘lblltIOIl of the three-dimensional magnetic field which

18 generated when current is passed through the con- -
_ductor means. The cavity should be evacuated. to a rela-

The

tively hlgh vacuum. - The conductor means are such that -

inductance is reduced to a minimum, thereby increasing
the rate of ehange of magnetic field strength, with conse-
quent rapid inward acceleration of ionized partlcles to

create an imploding shock and a very high tempera-
ture at the center. The temperature is obtained because
of the high speed of the ions (and electrens) and -the

| colhsmn thereof, and because the discharge is achieved
in such a ‘small volume that it is 1neapab1e of radrating |

-€nergy as. fast as

it recerves it. |
As employed in the present speerﬁeation and claims, |

the term “spheroidal” is intended to mean not only geo-

.metneal shapes W]llCh approach spheres, Isueh as oblate -

"0 0T prolate spherelds, but also to include true or perfect
-ployed. in spherleal geometry, are intended, in the present .

spheres. The term “1une,” and other expressmns em-

specrﬁcatten and claims, to include mot enly the perfect
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geometrical shape but also approximations thereof. It
1s to be understood that variations from true spherical,
etc.,, may be desirable in order to achieve optimum mag-
netic field. distribution and strength. Furthermore, in
embodiments in which the electrical conductors which
form the cavity are separated into a number. of com-
ponents, it may be desirable to effect current flow through
various components at different times, within a very short
time interval, and to vary the shapes of the components
in accordance with the times at which currents are passed
therethrough.

The entire apparatus for generating very high tempera-
tures includes a load, electrical connections to the load,
and power supply means to supply a pulse. of current to
such electrical connections. Reference will first be made
to the load which is shown in Figures 1-3, and comprises
a plurality of correspondmg lune-like elements 10 hav-
ing a common axis. The number of elements 10 may
be very large, but only six have been shown in the pres-
ent illustration. FEach element 10 is formed of a good
electrical conductor capable of carrving a high current,
for example relatively thick copper. The elements 10 are
assembled together in order to form a complete sphere
or spheroid, and are rigidly and strongly mounted in any
suitable manner. For example, mounting may be
achieved by supporting the lune elements 1¢ in a thick
mass of insulating material having a high strength. Such
insulating material may be jacketed and encased with
steel, or other strong material, at a location remote from
the sphere. |

TLune elements 10, when assembled as indicated, define
a cavity 11 which, in the illustration, is a perfect sphere
but which may be spheroidal as previously stated. Thus,
in the illustrated embodiment both the external and in-
ternal surfaces of each element 10 are lunes of spheres
having a common center and different radii. The lunes
10 are shown as being shaped correspondingly to each
other, but it is within the scope of the invention to make
lunes of different angles when such is desirable in order
to achieve optimum magnetic field conditions.

The cavity 11 may be small, such as a few inches in
diameter, and should be evacuated to a substantial vac-
uum. Small amounts of gases may be introduced into
the cavity 11.

In the illustrated embodiment, an envelope 12, shaped
as a hollow sphere, is mounted in the cavity in order
to facilitate evacuation thereof. The outer surface of
the envelope 12 is preferably in engagement with the in-
terior surfaces of the lunes, so that maximum efficiency
is achieved. It is within the scope of the invention to
eliminate the evacuated envelope 12 and substitute a seal-
ing means for permitting evacuation of the cavity 11.

Proceeding next to a description of the connector means
for delivering current to the lunes 10, these comprise
plate-elements 13 which lie generally in planes each of
which contains the axis of lune elements 10. A plate-
element 13 is connected, for example integrally, at each
edge of each Iune element 10, and extends generally
radially therefrom in the plane indicated. Plate-elements
13 are also formed of good electrical conductors, and
may have thicknesses corresponding to that of the lune
elements. Elements 13 terminate, at their upper and
lower edges, relatively adjacent the poles of the lune
elements.

Sheets of insulating material, indicated at 14, are pro-
vided between the plate-elements 13 for adjacent lunes,
and also between the edges of the lunes, in order to main-
tain the Iunes 18 and the plates therefor electrically sepa-
rate. The insulating material 14 may be of any suitable
construction, and should be relatively thin in order that
the adjacent plates 13 may be disposed generally paral-
lel to each other and close together. At the poles of
the apparatus, the insulating material comes together at
insulatmg caps 16.

G

10

20

295

30

39

40

45

50

60

60

65

70

4

lying exactly in radial planes from the common axis of
the Iunes 10, should extend parallel and adjacent each
other. This is because, as will be described subsequently,
the current in adjacent plates 13 flows in opposite di-
rections and provides an inductance-cancelling or mini-
mizing effect when the plates. are relatively close to-
gether. Such minimization of inductance is, as previ-
ously stated, extremely important since it is necessary
to pass very large currents through the plates 13 and
lunes 10 in a very short period of time in order that the
requisite rate of change of magnetic field strength may
be achieved. Thus, the current flowing through the
plates and the lunes should be on the order of millions
of amperes, and the current flow should only continue
for a very short time interval.

Circuit of Figure 2

Referring particularly to Figure 2, the power supply
means previously referred to, including -the switching
means therefor, is shown in highly schematic form. The
illustrated circuit is one in which the lune elements are
connected in what may be termed parallel or independent
relationship, the flow of current therethrough being en-
tirely separate. The power supply comprises a plurality
of capacitors 17 which are connected, respectively, to the
outer ends of the plate-elements 13 for each lune 10.
The discharge of each capacitor 17 through the asso-
coated plate clement 13, and thus through the associated
lune 16, is controlled by suitable switch or trlgger means
18 which are, in each instance, connected in series with

a capacitor 17. It is emphasized that the showing of
Figure 2 i1s highly schematic as to the capacitors 17
and trigger means 18, since each capacitor 17 may be
very large and may comprise, for example, a large num-
ber of plates separated by dielectric. Capacitors 17 are
of the low-inductance type, and are so connected to the
outer ends of plates 13 that inductance is maintained
at a minimum.

Capacitors 17 are connected to a power source 19 by
means of leads 21 and 22. The power source may be
of any suitable type adapted to supply a direct voltage
to the capacitors. Trigger means 18 are associated,
through leads 23 and 24, with a master control 26
adapted to effect dlscharge of the capacitors at the desired
times. It is to be understood that the capacitors may
be charged in a number of ways, for example inde-

pendently from a number of power sources.

The polarity of capacitors 17 is so selected that the
current flow through each separate lune circuit will be in
the same direction. Thus, assuming that leads 21 are
charged posnwely and the leads 22 negatively, as indi-
cated, the capacitors 17 will each discharge in such
manner as to produce a clockwise flow of current through
the individual lunes 19, as viewed in Figure 2. Such
clockwise flow of current is, in each instance, through a
circuit comprising the capacitor 17, trigger means 18,

one plate 13, the lune 19, the other plate 13 and back
to the capacitor.

As indicated by the arrows in Flgure 2, the current
flowing upon discharge of capacitors 17, in the indicated
example is such as to simulate a counterclockwwe flow
of current (Figure 2) around the axis of a continuous

sphere as distinguished from a sphere which is actually
divided up into a number of lunes. If each capacitor 17
is initially charged to the same voltage, and assuming
that the capacitors 17 correspond to each other, it will
be understood that upon simultaneous. operation of all
trigger means 18 the current flow through the lunes 19
will simulate a continuous current flow around the axis
of a continuous sphere or a spheroid. When the cur-
rents are very high, the strong magnetic field produced
by the current flow causes a breakdown of the gas
at the center portion of the evacuated cawty 12, so that

It 1s pointed out that the plate-elements 13, mstead of 73 2 small area at the center of the caw.ty 11 approachlng




a point, becomes eatremely het and provides an intense

source of light.
Stated more definitely, the breakdown at the ocenter of

the cavity 11 is caused by an implosion, that is to say

by a radially inwardly directed shock wave. resultmg g

from the very dense magnetic field. There is, in other
words, an inwardly directed, concentric spherical blast
of ionized particles. Since the rate of change of mag-
netic field strength is extremely high, because of the
low inductance and the large amounts of current em-
ployed, the ionized particles accelerate rapidly toward
the center. The rapid acceleration of the particles, and
the collision thereof, produce the hlgh temperature in a
relatively small zone near the center.

Dividing the sphere into a number of lunes 10 has the
effect of reducing inductance, and permitting the use
of a large number of power supplies for the single
sphere. The permissible current range is thus greatly
increased as compared to apparatus in ‘which there is
a single electrical circuit around a substantially -con-
tituous sphere.
ther 1mpertant advantage that there is little or no induct-
ance in the plate-like elements 13. With the described
polarities, current flow in adjacent plates 13 is in Oppo-
site directions, so that an inductance-cancellation effect
is achieved. This is particularly true when the plates
13 are relatively close to each other, as indicated.

Circuit of Figure 4

Preceedmg next to a description of Frgure 4 the
apparatus is the same as that shown in Figures 1-3
exeept that the capacitors 17 and lunes 10 are connected
in series instead of parallel. Thus, one side of each
capacitor means 17 is connected to one plate 13, and

the other side of such capacitor means is connected to

the adjacent plate 13 for the next lune 10. A trigger
27 is emploved for each capacitor. The trlggers may
be interposed respectively between the capacitors and the
associated plates 13. Alternatively, each trigger may
be incorporated in a plate 13 itself, as will be described
in connection with Figure 8. The capacitors 17 are all
charged from a suitable D.C. power source, or -power
sources, and the polarity is made such that the capacitors
17 have corresponding charge. Thus, in the rllustratlon
the advance sides of the respective capacitors 17,
clockwise direction, are charged positively wheéreas the
tralhng sides are charged negatively. The use of many
series-arranged triggers 27 produces the advantage of
reducing the voltage impressed across each. .

To generate the extremely high temperature in the:
0 o | . _
form, there would be eighteen capacitors 17 connected

to the plate sections 41 and 42 for the respectwe Sphere

cavity 11, the triggers 27 are operated simtitaneously
to close the series circuit. The capacitors 17 then dis-
charge simultaneously in series, to produce 'in the lunes
i0 currents which flow clockwise about the periphery

of the evacuated chamber 11, as indicated by the arrows. =

The effect is substantially the same as was stafed in
connection with the previous embodiment. It is pointed
out that the current flow through the plates 13 is, as in

the previous embodiment, in opposite directions through

The inductance-cancellation effect is 60

adjacent plates.
thereby achieved with the circuit of Figure 4, as well as
with that of Figures 1-3.

Embodiment of Figures 3—7

The described apparatus has the fur-
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- circuit by which eac:h section 37, 38, etc.,

“are perpendicular to the co
‘the embodiment of Figures 1-3. e
embodiments of the invention, the individual components

P

mon  axis of the lunes of
As: in the case of all

are rigidly mounted in position by suitable means, not
shown. Such means may include a large block of very
strong, insulating material, whreh may be sultably
jacketed or otherwise reinforced. o

By dividing the hcllow sphererd into a large number
of components 37, 38, etc., it is possible to achieve
current distributions, magnetie field shapes and strengths,
etc., different from those attained with the other embodi-
ments. . Each section 37, 38, etc., may have. a separate

capacitor element discharged therethrough, either simul-
‘taneously or at times wh1eh dlffer by only a Very small

fraction of a second. y
Figure 7 shows, in sehematre and fragn:rentary ferm a
is associated

- with a separate capacitor means 17; | Thus, for example,

90
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Proceeding next to a deserrptren of the embedlment

of Figures 5-7, inclusive, the construction. is the same
as that shown in Figures 1-3 except that the lunes.and
associated plate elements are separated by insulation
means, into a number of parts. For example the lunes -
10 of the embodiment of Figures 1-3 may be separated

into a plurality of spherical triangles 37 and quadrangles 7 0

38, as illustrated. The plate-like elements associated

with the lunes of the embodiment of Figures 1-3 are

divided, correspondingly, into sections 41 and 42.
The above-indicated division is accomplished by insu-

lator

triggers 47 and 48 effect si
charge circuits through leads 44 and -46, the indicated

capacitors 17 discharge simultaneously threugh the con- =
“nected elements 38 and 37. As previously indicated,
‘however, the m

pendently from -a separaté source. .
“electrical connections is so selected that the current flow

one capacitor 17 is shown as connected through leads
44 to the plate sections 42 at opposite edges of one

‘spherical quadrangle 38. A second capacitor 17 is
‘shown as connected through leads 46 to the plate sections

41 at opposite edges of a spherical tnangle 37. A
trigger or switch means 47 is 1nterpesed in leads 44, and
a trigger -or switch 48 is interposed in leads 46. These

‘trigger circuits are connected through separate leads 49

and 56 to a master control circuit 51.
When the master control 51 is so eperated that )
ultaneous closing of the dis-

aster control 51 may be so operated that
the triggers 47 and 48 are made to close the discharge
circuits at shghtly dlﬁ'erent times - which normally
overlap. - | |
The capaertors 17 may be sultably eharged by means

of leads 53 extending to a source 54 of direct Voltage |

It is within the scope. of the invention, however, in this
and the other circuits, to charge -each capacitor  inde-
The polarity of the

through guadrangles 38, triangles 37, etc., is such as to
simulate undirectional flow around a continuous sphere.
Thus, with the pelarity indicated in Figure 7, the current
flow would be in the d1reet10n shown b}r the arrows 56
in Frgure 5.

It is to be understoed that the eleetrreal eenneetmns |

to the remaining sphere sections in Figure 7 are the same

as those shown and described. Thus, in the illustrated

portmns 37 and 38. |
- Although Figure 7 shows the parallel—type arrange- |
ment, similar to Figure 2, it is to be understood that

some or all of the sections may be series-connected, as '
in Figure 4. | - |

Trrgger means—-—_—F ioure 8

Referring' next to Figure 8, there is illustratedl in

schematic form a trigger means which may comprise the

triggers 18 in Figure 2, 27 in Figure 4, or 47 and 48 in

Figure 7. For purposes - of illustration, this trigger

means is shown as incorporated in one of the plate sec-

‘tions 41 of the embodiment of Figures 5-7, namely the
one at the lower-right portion of Figure 5. The trigger

means is formed by prewdmg an electrically-conductive
bar 57 in a gap formed in one of the plates 411, the

bar having a length cerrespondmg to the height of the
‘The air gap is made sufficiently wide that

plate 41.
gaps 58 and 59 are provided on opposite sides of bar
57, and that no arcing will occur. thereacross due to the
presenee of the veltage 1mpressed upen the assomated' -
capacitor 17.

A source. 61 of h1gh-frequency and/ or. hlgh-voltage

eans 43 lying in spaced parallel planes which 75 power, assocaated with suitable trlgger mechamsm; 1s
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-connected across each gap 58 and 59, such as by leads
62 and 63. Source 61 is adapted to impress a high volt-

age, or a high-frequency voltage, or both, simultancously

across each gap 58 and 59 in response to a signal from
a master control, not shown. | S -
. Assuming that the capacitor 17 of Figure & has been

| .charged_ to the desired voltage, the source 61 is operated

to impress across each gap 58 and 59 sufficient voltage
or frequency to effect arcing. This voltage need only be
impressed momentarily, since upon occurrence of arcing

the capacitor 17 immediately discharges by effecting ex-

tensive arcing across the gaps 58 and 59. Stated other-

wise, the initial high voltage creates pilot arcs across

- gaps 58 and §9 which effect instantaneous discharge of
capacitor 17 through a circuit comprising plate sections
41, bar 57, the gaps 58 and 59, and sphere portion 37.
The circuit described in Figure 8 thus effects a triggering
or switching operation for extremely high currents, and
without destroying the switch or trigger means. |

Summary of the method of the invention
Stated generally, the method comprises momentarily

creating a magnetic field having a shape and strength

which is such as to effect the three-dimensional im-
plosion previously described. = Stated more specifically,
the method comprises providing a substantially evacu-

ated cavity surrounded by electrical conductor means .

having a generally spherical or spheroidal shape. An

extremely high current is passed through such electrical .
conductor means for a very short period of time, to

create a rapidly changing magnetic field in the cavity

- with consequent acceleration of ionized particles toward
An extremely high temperature is thus

the center. |
‘achieved in the center as the result of the speed and
~ collision of the ionized particles. - o |

An important feature of the method resides in the ar-

'rangem_ent of the electrical conductor means comprising
the sphere, and the connections thereto, to achieve a -

sufficiently low inductance that the very high instantane-
ous current flow is possible. With reference to the ap-
paratus shown in Figures 1-3, a very low inductance,
and a very high power input, are achieved by dividing
the hollow spheroid into a plurality of lunes 10 and then
discharging capacitor means 17 separately through each
lune. The electrical polarities are so arranged, as pre-
viously stated, that the current flow through the various
Iunes 10 is in the same direction to simulate a continuous
current flow about the axis of a complete sphere. The
division of the sphere into Iunes not only permits appli-
cation of much greater power, from a plurality of cur-
rent sources, but lowers inductance through the pro-
vision of plates 13 disposed adjacent each other and
containing currents flowing in opposite directions.

With relation to the apparatus shown in Figure 4,
the method comprises connecting the lunes 10 and as-
sociated plates 13 in series with capacitor means 17,
charging the capacitor means 17 to corresponding pO-
larity in a series circuit, and discharging the series cir-
cuit to effect current flow through the lunes 16 in corre-
sponding directions which simulate a continuous uni-
directional flow about the axis of a complete sphere.

With reference to the circuit shown in Figures 5-7,
the method comprises dividing a hollow spheroid into a
plurality of sections by means of insulating elements dis-
posed at angles to each other, for example in perpendicu-
lar planes, and discharging a capacitor through each such
section and at substantially the same instant of time.
As in the previous forms, the polarities are so selected
that the current flow throughout the sphere is in the
same direction. The method may include charging the
capacitor means to various values, discharging the ca-
pacitor means at times which are not exactly simultane-
ous, and shaping the sphere-forming elements in such
manner as to achieve optimum magnetic field conditions.

10

Additional theory and disclosure
embodiments

To amplify upon the previously-stated theory relative
to the present invention, it is pointed out that the flow
of current is in a given direction through the conductor
means and circumferentially about the axis of the
spheroidal cavity. This results in the formation of an

.relazfng.' to all h

induced current sheet flowing in the opposite direction -

and through the gas. The induced current sheet is lo-

cated within the evacuated cavity and is initially rela-

. tively close to the cavity wall formed by the conductor
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means. Thus, in the situation in which there is an
envelope (such as number 12) within the cavity, the
induced current initially flows through the gas adjacent
the inner wall of the envelope, it being understood that
the envelope is formed of non-conductive material. =~
The sheet of induced current, composed of ions and
electrons, acts as a barricade through which the lines
of magnetic force may not pass in quantity. This is
particularly true when the rate of change of magnetic
field strength is great. This being the case, at least the
majority of lines of magnetic force initially pass (in a
spheroidal configuration) between the conductor metal
and the current sheet—or largely through the envelope
12 in cases where there is an envelope. I
The generally spheroidal magnetic field acts as a piston
to drive (implode) the current sheet, that is to say the
ions and electrons, radially inwardly toward the center of

the cavity. As the current sheet collapses toward the

center, in a shock wave, the lines of magnetic force
collapse toward the center (in the above-indicated piston =
action) to compress the gas, and greatly elevate its tem-
perature because of the speed and collision of the par-
ticles. The inward movement continues until the ex-

ternal magnetic pressure is counterbalanced by the in-
“ternal pressure resulting from compression and ftempera-

ture increase. | o

Since the lines of magnetic force may not pass through
the electrical conductor metal, the conductor is provided
with non-conductive openings (such as plugs 16 of in-
sulation) at the poles of the cavity. The lines of force
thus flow through the poles and externally of the spheroid
to form continuous loops. As previously indicated, the
reinforcing material in which the apparatus is embedded
1s non-conductive (except possibly in a casing remote
from the sphere) and thus does not interfere with the
external portions of the lines of force.

To aid in the above-described action, the gas within the
cavity should be ionized before the capacitors commence
to discharge. This may be done in any suitable manner,
such as by passing radio-frequency waves through the
cavity. For example, electrodes may be located near (but
outside) the opening at each pole, and energized by a
radio-frequency oscillator.

It 1s emphasized that the present invention produces a
relatively stable concentration of high-temperature plasma
near the center of the cavity. The plasma is stable be-
cause the magnetic field is generated by the flow of cur-
rent through the metal conductor. This is to be con-
trasted with pinch-type devices, in which the constricting
magnetic field results from flow of current through the
gas. In such pinch devices, instability resulting from
variation in current flow is compounded by simultaneous
variation in the magnetic field. |

The present apparatus may be pulsed, for example at a
relatively high frequency, instead of being employed as
a single-operation apparatus. This may be accomplished
by rapidly charging and discharging the capacitors.

It is to be understood that the terms “point,” “approxi-
mating a point,” etc., do not mean that the high-tempera-
ture occurs only at a geometrical point. What is meant
is that the highest concentration of plasma is in a small
volume, as close to a point as possible. There may, how-
ever, be plasma concentrations of lesser density at regions
other than the center of the cavity. |
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Various embodiments of the present invention, in addi-
tion to what has been illustrated and described in detail,
may be employed without departing from the scope of
the accompanying claims.

I claim:

1. In an apparatus for obtaining very h1gh tempera-
tures, electrical conductor means encompassing a cavity,
a substantial number of electrical conductors extending
outwardly from said electrical conductor means and elec-
trically connected therewith, said electrical conductors
being arranged in pairs the conductors in which are in-
sulated from and adjacent each other, and means to pass
current through said electrical conductors to said electri-
cal conductor means and in opposite directions through
adjacent portions of said electrical conductors to mini-
mize the inductance of the latter, said last-named means
being adapted to effect simultanecus flow of current in
opposite directions through the electrical conductors in
each pair.

2. In an apparatus for obtaining very high tempera-
tures, electrical conductor means encompassing a cavity,
a substantial number of electrical conductors extending

outwardly from said electrical conductor means and

electrically connected therewith, means to pass current
through said electrical conductors to said electrical con-
ductor means and in opposite directions through adjacent

portions of said electrical conductors to minimize the in--

ductance of the latter, and trigeer means provided in at
least one of said electrical conductors, said trigger means
cemprrsrng an arc gap in said electrical conductor and

means o 1mpress across said arc gap a voltage adapted

to effect arcing.

3. In an apparatus for generating a very high tem-
perature, elecirical conductor means shaped to define
therein a cavity having a generally spheroidal wall, and
means to pass, substantially simultaneously, a substantial
number of individual electric currents through said elec-

trical conductor means and to effect flow thereotf along
said wall in substantially the same direction around an

axis thereof.
4. Apparatus for generating extremely high tempera-—
tures, comprising a plurality of electrical conductors

shaped and arranged to substantially surround a generally

sphererdal cavity, means to maintain a substantial vacuum
in said cavity, insulator means to maintain said electrical
conductors electrically separate, and means to pass elec-
trical currents through said electrical conductors at sub-
stantially the same instant of time and thereby efiect in

said cavity rapid acceleration of ionized particles toward -

the center portion thereof.
5. Apparatus for generating extremely high tempera-
tures, comprising a plurality of generally lune-shaped

electrical conductors having a common axis and shaped

and arranged to substantially surround a generally
sphereldal cavity, means to maintain a substantial vacuum
in said cavity, insulator means to maintain said electrical

conductors electrically separate, and means to pass elec-

trical currents through said electrical conductors at sub-
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substantially the same instant of time and in substantially

the same direction around such common axis to thereby

effect in said cavity rapid acceleration of 1onized partleles
toward the center pertion thereof.

7. Apparatus for producing very high temperatures,
which comprises electrical conductor means surrounding
a cavity, a plurality of capacitor means, circuit means to
associate said capacitor means with individual portions
of said electrical conductor means and in parallel re-
lationship, means to charge said capacitor means, and
means to effect substantially simultaneous drseharﬂmg of
said capacitor means through said portions of said electri-
cal conductor means, said capacitor means having polari-
ties such that the current flow through said electrical
conductor means 1s 1n a substantrally umferrn dlrec-
tion around an axis of said cavity. .

8. Apparatus for generating high temperatures com-
prising a substantial number of lune-shaped electrical
conductors assembled together as lunes of a hollow spher- -
oid, said lune elements having a common axis of said

spheroid, a plate-like electrical conductor electrically con-

nected to each edge of each of said lune elements and
extending outwardly therefrom in a generally radial man-

ner from said common axis, whereby the plate-like ele- -

ments at ad]acerlt edges of said lune elements are rela-
tively close to each other, insulation means to separate.
from  each other said adjacent plate-like elements and
also the edges of said lune elements, and means to feed
very large currents to the outer portions of said plate- -
like elements and thus radially inwardly and through said

lune elements to other plate-like elements and in di-

rections effecting flow of current through said lune: ele-
ments in a single direction around said common axis and
through adj acent plate-hke elements n opposrte direc-
tions. |

9. The mventlon as elarmed in claim 8, in which said
last-named means includes capacitor means connected
between the two-plate-like elements for each lune ele-
ment, means to charge said capacitor means, and trigger -
means for effecting substantially sunultaneous discharge
of said capacitor means through the associated plate-hke
elements and lune elements.

10. The invention as claimed in claim 8, in which
said last-named means means includes a substantial num-
ber of capacitor means, means to electrically connect one
terminal of each capacitor means to one of said plate-

- like elements and the other terminal of said capacitor

means to the plate—hke element adjacent thereto whereby.
said plate-like elements, said lune elements and said capac-
itor means are arranged in series-circuit relationship, and

means to effect series discharge of said capacitor means

through said plate-like elements and lune elements, there-

by effecting flow of current through said lune elements
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stantially the same instant of time and 1n substantially the

same direction around said common axis to thereby effect
in said cavity rapid acceleration of iomized particles to-
ward the center portion thereof.

6. Apparatus for generating extremely high tempera-
tures, comprising a plurality of electrical conductors

shaped and arranged to substantially surround a generally

spheroidal cavity, said conductors being formed as sphe-
roidal sections divided by a substantial number of planes
which contain a common axis of said spheroidal cavity
and by an additional number of planes perpendicular to
said common axis, means to maintain a substantial vacu-
um in said cavity, insulator means to maintain said elec-
trical conductors electrically separate, and means to pass

electrical currents through said electrical conductors at -

60
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‘in substantially the same d1reetren areund the axis ef said-

Iune elements.
11. The mventwu as clain

ed in elaurr 8, in Whrch in- |

' sulator means are prevrded generally in planes perpen-
dicular to said common axis to divide said lune elements
~and plate-like elements into separate sections, and in which

means are provided to effect flow of current. thmugh said

‘sections at substantrally the same time and in such man-

ner that the current flow through said lune sections is in

a glven drrectlen about eald common axis.
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