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3,230,145 -
APPARATUS FOR MAGNETICALLY CONFINING

A PLASMA
Harold P. Farth, Berkeley, and Marshall N. Rosenbluth,
San Diego, Calif.; said Furth assignor to the United
States of America as represented by the Unifed Statss

Atomic Energy Commission’
Filed Nev. 4; 1963, Ser. No. 321,381
6 Claims. . (Cl 176—3)

The present invention- relates generally to “magnetic
confinement of a plasma. More particularly, it relates to
magnetic confinement of a plasma of isotropic pressure
in -a-magnetic field configuration having closed magnetic
flux surfaces forming an annulus.

The production and confinement of a plasma for ex-
tended periods of time is useful for a variety of purposes,
the most notable being the establishment. of controlled
fusion reactions. Because of the extreme plasma tem-
peratures necessary for such-reaction (kinetic tempera-
tures of many millions of degrees) it has been recognized
that means other than material walls are needed in order
to confine the plasma. To this end much work has been
devoted to confining a plasma by a magnetic field. The
theory of plasma as relevant to the present subject has
been extensively discused in various publications, e.g.,
Controlled Thermonuclear Reactions, by Samuel Glass-
tone and Ralph H. Lovberg, D. Van Nostrand Co., Inc.,
New York (1960). In order to magnetically confine a
plasma of isotropic pressure under equilibrium condi-
tions it is necessary that the surfaces of constant plasma
pressure coincide with magneétic flux surfaces and that
the volume of every infinitesimal magnetic flux tube. of
magnetic flux 8¢ lying on the flux surface be the same
for a particular 8. More specifically the equation

¢))] (4

W= B
must be constant along surfaces of constant plasma pres-
sure where

W==the volume of a given infinitesimal magnetic flux tube
8¢ per magnetic flux 3¢

dl=the infinitesimal length measured along the magnetic
flux tube

B=the ‘magnetic field intensity.

In addition, as shown in the paper “Stability of Plasmas
Confined by Magnetic Felds,” M. N. Rosenbluth and
C. L. Longmire, Annals-of Physics, vol. 1, pp. 120-140,
1957, a plasma will be magnetically confined in a hydro-
magnetically stable state of equilibrium if W decreases in
the direction of ‘diminishing plasma pressure while simul-
taneously satisfying the aforementioned plasma equilib-
rium condition. That is, by confihing a plasma within
nested magnetic flux surfaces such that surfaces com-
prised of infinitesimal magnetic flux- tubes having larger
volumes-per unit flux:are encircled by surfaces comprised
of “infinitesimal magnetic flux tubes having smaller vol-
umes. per unit flux; the plasma which is concentrated to-
wards-the center of such essentially coaxial magnetic flux
surfaces will be hydromagnetically stably confined. This
can be seen to be true by considering that for the plasma
to be displaced towards a region wherein the magnetic
flux tubes have smaller volumes per unit flux, the plasma
would have to:be compressed; thereby raising its energy.
Hence it follows that such displacements could not be
spontaneous- in nature since such displacements could
violate the conservation of energy principle. Conse-
quently, these displacements, which generally lead to the
plasma’ escaping to the material walls of the container
and being destroyed, will be prevented.

Previous configurations utilized in attempts at achiev-
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ing magnetic confinement of high temperature- plasmas
generally have been of. two classes; closed toroidal- and
open-ended magnetic field configurations:. Some closed
toroidal field configurations. have- been:constructed such
that the closed magnetic flux surfaces of constant volume
per unit flux coincide with . constant: pressure surfaces.
However, in such closed toroidal field configurations,
wherein the plasma pressure decreases outwardly from
the- central zone of confinement, W ‘does not. decrease
uniformly in all directions. Therefore, the spontaneous.
outward displacement of the plasma is possible.. Thus;.
these toroidal field configurations are susceptible to insta-
bilities which lead to the destruction of the plasma as
noted previously.

To overcome - this instability -problem, toroidal: con-
figurations wherein the magnetic field lines extend helically.
about the toroid to infroduce a “shear” effect between
overlying field lines have been advanced. However; be-
cause.of the presence of ‘plasma: electrical resistivity; such'
configurations were found to have serious instabilities
also.

Certain open-ended magnetic confinement” field- con-
figurations are known to -exhibit the desired’ volume--
plasma pressure relationship. However: it is recognized
that such configurations- permit-only imperfect  plasma-+
confinement since those- particles with -velocities- pre--
dominantly along the ‘magnetic field lines can escape.

In accordance with the present invention a plasma is
produced and magnetically confined in a closed configura-:
ticn under- conditions of stable equilibrinm insensitive:
to the electrical conductivity of the plasma. The-plasma:
is confined by -a magnetic field whose locus of the cen-
troids of transverse ‘sections of the flux surfaces of con-
stant volume flux tubes is a closed' curve whereby the-
magnetic field lines ‘are joined continuously to form an
annular magnetic field configuration which is symmetric
about the locus of the centroids, These magnetic field
lines extend annularly through an evacuated region. The
magnetic field is established by a coil wound in the form:
of a tubular annulus with the tubular cross section cor=
responding to the transverse section of the flux surfaces
of the magnetic field. The transverse sectional " area
varies periodically - along the' centroid locus to includé’
at least several periods of alternate area. maxima and
minima; the area minima being of ‘elliptical configura-
tion. The major axis of each area minimum is angu-
larly  displaced 90 -degrees with respect to that of the
preceding area minimum. The flux lines passing at the
major- axis extremities of a first area minimum elliptical”
transverse section pass at the minor axis extremities of-
the succeeding area minimum elliptical transverse sec-
tion and conversely the flux lines passing at the minor
axis- extremities- of the first elliptical’ cross section pass
at the major axis of the next. This variation is periodic
along the entire centroid locus with the length ‘of a single
period being the distance between successive similarly ori-
entated area minima and further being substantially great-
er than the major axis dimension of the area minimum
elliptical transverse sectiomn.

Furthermore, in accordance ‘with the present invention,
the ' volume of - infinitesimal ‘incremental magnetic flux
tubes per constant unit magnetic flux decreases continu-
ously- in the direction of diminishing plasma pressure.
It has been found that in the magnetic field conﬁgura—
ticn of the form noted herembefore, if ‘the -following in-
equality is satisfied for increasing Ry, the above noted
volume variance will be obeyed.

it ) (G- )<0

2
2 dzlE

f
(1) J‘ Zwadz 7
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where

Ry=the radius of the transverse section of a flux surface
where x=y on the entire flux surface,

z==a coordinate along the locus of the centroids of the
flux surfaces of constant volume flux tubes,

a—=the scale factor of the length of one period,

f=the variation of the magnetic field intensity along the
z coordinate,

g=—a(By—Bx)/2X By at all points where x=y

where

x and y are axes which orthogonally intersect simultane-
ously with z, the y axis extending in a plane which is
simultaneously tangent to z and parallel to the principal
axis of the annular magnetic field,

By=the magnetic field component in the y direction,
B,=the magnetic field component in the x direction,
By=Bz/f.

where
B,=the magnetic field component in the z direction.

Thus, it can be seen that a primary object of this in-
vention is to magnetically confine a plasma under con-
ditions of hydromagnetic stable equilibrium.

Further it is an object of this invention to provide plas-
ma confinement in a closed annular magnetic field con-
figuration whereby end-losses are averted.

More particularly, it is an object of this invention to
provide an annular magnetic field configuration for con-
fining a plasma wherein the volume of given infinitesi-
mal magnetic flux tubes of constant magnetic flux is con-
stant on surfaces of constant plasma pressure and de-
treases in the direction of diminishing plasma pressure,

Another object of this invention is to provide magnetic
confinement of a plasma in a closed annular magnetic
field which is insusceptible to instabilities arising out of
the electrical resistivity of the plasma.

Yet another object of this invention is to provide
apparatus for producing a stabilized high temperature
plasma suitable for the establishment of controlled fusion
reactions. .

Additional objects and advantages of the present in-
vention will become apparent from the following descrip-
tion considered together with the attached drawings in
which:

. FIGURE 1 is an illustration of a section of a preferred

embodiment of the apparatus for producing and con-
fining a plasma in accordance with the present invention.
. FIGURE 2 is an enlarged cut-away of a section of
FIGURE 1 showing a single period of the magnetic
field variation.

FIGURE 3 is an enlarged cross-sectional view of FIG-
URE 1 taken along line 3—3.

FIGURE 4 is a graphical illustration of the variation
of the parameters of the present invention.

Referring now to FIGURE 1 there is shown a section
of an annular chamber 11. (Only a section is shown for
ease of figure definition and illustration.) The tubular
cross section of chamber 11 varies periodically along its
central line to include alternate area maxima 12 and
minima 13A and 13B. The cross sections of the area
minima 13A and 13B are slender ellipses and substantially
spaced from each other. With particular reference to
FIGURE 3, each succeeding area minimum, e.g., 13By, is
spacially orientated so that its major axis is angularly dis-
placed 90 degrees with respect to that of the preceding
area minimum, e.g., 13A;. In progressing from a first to
a second slender elliptical cross section, 13A; and 13B;
respectively, the length of the major axis of the first slen-
der ellipse, 13A;, progressively decreases while that of its
minor axis progressively increases. Thus, the elliptical
cross section becomes thickset, then circular, and finally
becomes progressively more slender in the coordinate of

10

4

the original major axis to eventually form the second
slender elliptical cross section, 13B;.

A plurality of ports 14 (two shown) are disposed about
chamber 11 and provide the means for attaching conven-
tional ultra-high vacuum pump systems (not shown) there-
to in order to remove extraneous atmospheres therefrom.

A coil 16 is wound about the entire circumference of

chamber 11. The principal axis of coil 16 is coincident’

with the central line of chamber 11. Terminals 17 and 18
provide the means of electrically connecting the coil 16
to power source 19. Power source 19 supplies the cur-
rent to energize coil 16 and establish a magnetic field
whose magnetic field lines are joined continuously to form

- an annular magnetic field -configuration similar to-the
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chamber configuration.

Considering now FIGURE 2, there is shown a single
period of the magnetic field 21. Since the magnetic field
configuration is similar to the chamber configuration, the
transverse section of surfaces of constant magnetic flux
varies periodically from a slender elliptical cross section,
to become first thickset, then circular, and finally pro-
gressively more slender to eventually form another ellip-
tical cross section whose major axis is angularly displaced
90 degrees with respect to that of the preceding slender
elliptical cross section. The flux lines of magnetic field!
21 passing at the major and minor axes extremities of a:
first area minimum, e.g., 13B;, extend to become coinci~
dent with the minor and major axes extremities, respec-
tively, of the succeeding area minimum, e.g., 13A;. The:
flux lines further extend to the next elliptical area mini-
mum, e.g., 13B; to become coincident with its major and.
minor extremities respectively.

Referring now to FIGURES 2 and 4, magnetic field 21
is described by the equations

=B Y _9
(I1D) Bx=—Bg % @
=B 1 9
a By=—Bu(50:+1)
_npk (zoty?) & |, (@2—1?) dg
V) Bz_BOR [f 4 de y 2¢ dz
where
Ry is the radius of curvature of the central line
R=x-Ry and R approaches Ry where the central line is

straight.

And where A, Z, 1, g, x, y, By, By, Bx, Bz are defined as in
Equation II. To insure the periodic behavior of magnetic
field 21

(VD) f(z)=f(z4ma)
(VID) 8(z)=—g(z+ma)
Additionally, to insure that W has the same variation in

the x and y directions
(vix) f(2)=f(ma—z)
(IX) g(2)=g(wa—2z)

As noted previously, to insure stable confinement of 2
plasma the inequality expressed in Equation II must be
satisfied. As can be seen from the inequality, the stability
condition depends upon the relative variatioa in f and g
along z. Considering now FIGURE 4 in detail, in the in-
terval of one period there are six distinct regions to be
considered; o :

0 to —Iél—l! %1' to (Lz-l—éz—l)) <L2+"L§l‘) to (L1+L2)r

(Li+Ls) to (L2+—3—2LJ)‘,<L2+%) to

(2L2+3TL‘>,<2L2+%1) t0‘(2L,+2L2)~.

_As a result of the nature of the periodicity of the vari-
ation of magnetic field 21 along the locus, the function of
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the parameter f from 10 to (L;4-L,) is the same as from
‘(L14-Ls) to (2L14-2Ly). ‘Furthermore ‘the ‘function of
the parameter g from (L;--L;) to (2L;4-2L,) equalsthe
negative of the function from 0 to (L;+Ls). The func-
tions f and g:are chosen in order that the modulation of
the magnetic flux surface,

Q= X max._ Y max.
X min, Y min,
is at least.equal to-4 and are defined :infra.
In the regions 0<z<£v’2_1
and
3L
(L1+Lz)'<z<.(L2+———‘)
2z
f f (f22 fl)
_of—f) ___df
g=2 Ly, dz
In the regions %< 2 ( Lz-}-%)

and

(2432 <o< (2t 2l)

f=h
g=aq
? 420~ VIS
Gfﬂd21f>—72_—2—1-
2

In the regions

(L4%)<e< @t

and

(22.43)<e< Lit21)

2(2—Li=2) (1)
L,

o=f)_ df
Lg dZ

where f, and f; are the maximum and minimum respec-
tively of f and gy is the maximum magnitude of g.

Referring again to FIGURE 1, as a result of the an-
nular configuration of chamber 11 and hence magnetic
field 21, those magnetic field lines nearer the outer cir-
cumference of the annulus have a smaller curvature than
those near the inner circumference. This results in the
length of the flux tubes and the magnetic field intensity
being longer and weaker respectively nearer the outer
circumference. Hence from Equation I it is seen that
curving of the magnetic field lines to form an annular
configuration has tendency to adversely affect W. How-
ever by maintaining a large annular curvature, the effect
on W will be insignificant. This can be achieved, for
example, by insuring that the ratio of

()

is at least two (2) orders of magnitude less than one
(1), where Ry is the radius of curvature of the centroid
locus of the flux surfaces of magnetic field 21.

The annular configuration of magnetic field 21 may
take various forms of a closed curve. For example,
the centroid locus of the flux surfaces can be generally
circular, Or, the closed curve could include a section
of a magnetic field where the centroid locus of its flux

f=f+

g=2
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6

surfaces is a straight line. With such an embodiment,
the difference of curvature problem ‘is eliminated cver
the straight section of the magnetic field, but it must be
remembered thdt the ¢urved ‘sections have to satisfy

the
a 2
(%)

criteria set forth -above.

Injection of the particles forming the plasma may be
accomplished for example by employing <iieutral injec-
tion techniques. Tn such cases injector 22 will include
a conventional high energy ion source and neutralizer.
The neutral atoms emerging from injector 22 are di-
rected into magnetic field 21 through inlet 23 disposed
on chamber 1, Trappmg of ‘the ‘neutral atoms by mag-
netic field 21 arises from the fact that some of the in-
jected neutral ‘atoms ‘are iorized by Lorentz dissociation,
or by collisions with background particles. The ionized
atoms (charged particles) are captured by magnetic field
21 with a majority ‘of the charged particles trapped in
less intensified magnetic field regions.

An outlet 24 is disposed on chamber 11 on the side
opposite and ‘coextensive 'with inlet 23. Outlst 24 pro-
vides anexit for those injected neutral atoms that are
not ‘ionized within ‘magnetic field 21. Collector 26 is
disposed at ‘outlet 24 'to collect the ‘heutral atoms en-
tering therein.

From the following analysxs it ‘will be shown that
magnetic fields established in accordance with the present
invention described hereinbefore will confine a plasma
under conditions of hydromagnetic stable equilibrium.

Con51dermg first a magnetic field configuration estab-
lished in accordance with the present invention whose
locus of the centroids of its flux surfaces is a straight
line, its magnetic potential, x, is described by the follow-
ing equation

(X) x=Bo‘[ Sdsf

@+ df +(x”—y2)g]
4 2a

Since the magnétic field configuration is long and natrow

where power of x2 and y2 can be neglected, Equation X

satisfies Maxwell’s equation

O, O%r
(XD bz2+ o2 it 55 ozt

From the relation B=Ax and Equation X the mag-
netic field components expressed in Equations III, IV
and V are derived. To determine if a magnetic field
defined by Equations III, IV and V will confine a plasma
under conditions of hydromagnetic stable equilibrium,
the variation of W as defined in Equation I must be
analyzed. In view of the periodicity indicated by
Equations VI and VII it is sufficient to evaluate W over
a single complete period. In terms of the B, com-
ponent of magnetic field, Equation I may be rewritten as

2ra dz
W= f B.AX, V)

where B, is to be évaluated along 4 magnetic field litie
having coodinates x=X(z) and y=Y(z) where

(X11)

v (FN /107, g\
(XIID) X=X, 71) e(a J;@dzl?)
: 2
(XIV) =7, ff)"'ze—(é ;dz,%)
2 p
and

X=Xyand Y=Y, at z=%z
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From Equations V and XII
(XV)
L [mede | (@4y?) & (2—y?) dg
T BJo T + 4 fdz*  2a Jdz
which reduces to
(XVI)
2 f *1E
afra I
~gf o iRy L ]
Bio 7 7z id2" 2adz
where
(XVII) Ri=Xg2+47

The flux surfaces have a circular transverse section at
the transverse planes

where 7 is an odd integer from n=1 to n=4T—1, with T
being the total number of periods. At a fixed valve of R,
the radius of the circular transverse section, W is constant
on the flux surfaces which contain all those field lines
specified by Equations XIII and XIV.

In order that such a magnetic field configuration be hy-
dromagnetically stable, it must be shown that W decreases
away from the locus of the centroids of the magnetic flux
surfaces. That is to say, specifically that W decreases
with increasing Ry. In view of Equation XVI, the con-
dition for hydromagnetic stability is seen to be

XVIII :
2(%, ¢
2 78
PR
1]

&
f 2dz

2dz3
which reduces to Equation II. This condition will be
satisfied if the interdependent functions f and g are se-
lected in accordance with Equations VI, VII, VIII and
IX.

It is to be noted that since the derivatives of g with
respect to z do not appear in the stability condition ex-
pressed by Equation II, the degree of sharpness of varia-
tions in g is not critically important in respect to satisfy-
ing the stability condition. Furthermore, since the first
derivative of f is the highest derivative of f that appears
in Equation II, the degree of sharpness of variations in
the rate of change of f is not important.

Considering now a magnetic field :configuration estab-
lished in accordance with the present invention whose
locus of the centroids of its flux surfaces is a curved line,
it can be shown that a large radius of curvature and

(=)

at least two (2) orders of magnitude less than one (1),

(X1X)
(%Ladmgf)
IJ'Z*'adz 14 S (Xo— AXo)z‘*‘Yoz}
1

0o

adz

a@f _ dg

4dz® 2adz
where AX, is the distance that the equilibrium pressure
distribution is shifted outward along the major radius of
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_ : 8
the curved magnetic field lines and is defined by the
equation
(XX) (lfzdmg)
aJxa |
L 2wadz 3
RT 0 ¢
AXy= .
g f ale%
e T ()
Jo F ¢ 4dz®2 2adz
Thus Equation XVII becomes
(XXI) Ri=(Xo—AX,)2+Y?

By combining Equations XIX and XXI and comparing
the resultant equation with Equation XVI it is noted that
the stability condition defined by Equation XVIII re-
mains unchanged. Hence it is seen that a magnetic field
configuration established in accordance with Equations
III, IV and V will confine a plasma under hydromag-
netically stable equilibrium conditions.

A particular example of parameters for establishing a
magnetic field configuration for confining a plasma in ac-
cordance with the present invention is as follows:

Circumference of chamber 11 along the
central line

The length of a single period variation of
magnetic field 21 (27a)

The inner diameter of the transverse section
of chamber 11 at area maxima 12 _...

The inner major diameter of the transverse
section of chamber 11 at area minima
13A and 13B

The inner minor diameter of the transverse
section of chamber 11 at area minima
13A and 13B -

The ratio fo/f;

40 m.

5 cm.
18 cm,

1.4 cm.

The inequality ¢

The ratio Ly/L,
The modulation of the flux surface, Q —...._ 13

The kinetic temperature 10 kev.
Plasma Density 10¥cm.—2,

Byf; -- 50 kilogauss.
From the Equatlon I= 10B41r, the following coil cur-
-rents are: :
' Amp./cm,
Current at area maxima 12 __________ 40,000
Current at area minima 13A and 13B ... 80,000

While the present invention has been hereinbefore de-

“scribed in detail with respect to a single embodiment it

will be apparent that numerous modifications and varia-
tions are possible within the scope of the invention. For
example, the annular configuration of the magnetic field
can be in the form of alternate curved and straight sec-
tions with the radius of curvature in the curved sections
being large in accordance with the conditions specified
herein regarding the ratio

(&)

Furthermore, a high degree of curvature can be in-
troduced periodically, i.e., z=0, 2rxa, 4wra, etc., at regions
where the radial dimension of the magnetic field is mini-
mum and as long as the regions therebetween are sub-
stantially straight. In such a configuration, the net radius
of curvature may be made smaller than the above noted
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case in which the curvature is distributed uniformly in
accordance with the limitation placed upon the ratio

a 2
(%)
However, it must be remembered that the length of one
period must be substantially greater than the major axis
dimension of the area minimum. By restricting the
curvature to the regions specified, the destabilizing effect
of the curvature is minimized. This can be seen by
referring to Equations XIX and XX where it is noted
that the contribution of curvature towards destabiliza-
tion depends upon the functions f and x as well as

L
By

Hence the description of the present invention with
respect to the embodiment shown is not intended to limit
the invention except by the terms of the following claims.

What is claimed is:

1. Apparatus for magnetically confining a plasma com-
prising coil means wound in the form of an annular
tube for establishing in an evacuated space a magnetic
field extending longitudinally through said tube in an
annular configuration, each of the flux surfaces of said
magnetic field being closed and defining the locus of
infinitesimal incremental flux tubes of constant volume
per constant fiux, the locus of the centroids of transverse
sections of said flux surfaces being a closed curve, the
area of said transverse sections varying periodically along
said centroid locus to include at least several periods
of alternate area maxima and minima, the distance be-
tween successive area minima being one-half period, said
area minima being of slender elliptical transverse sec-
tions, the major axes of said slender elliptical sections
being at least four times greater than the minor axes,
the major axis of each area minimum being angularly
displaced 90 degrees with respect to that of the preced-
ing area minimum, the flux lines passing at the major
axis extremities of each area minimum passing at the
minor axis extremities of the succeeding area minimum,
the flux lines passing at the minor axis extremities of
each area minimum passing at the major axis extremities
of the succeeding area minimum, the distance between
successive similarly orientated area minima being sub-
stantially greater than the major axis dimension of the
area minimum, and said volume of each said infinitesimal
incremental flux tubes being defined by the equation:

— L [Fmedz
“BoJo f
where:

z=a coordinate along the locus of the centroids of the
transverse sections of the flux surfaces,

a=the scale factor of one period,

f=the variation of the overall average magnetic field
intensity along the z coordinate,

g=a(By—B;)/2X B, at all points x=y where x and y are
axes which orthogonally intersect simultaneously with
z, the y axes extending in a plane which is simulta-
neously tangent to z and parallel to the principal axis
of the annular magnetic field,

By=the magnetic field component in the y direction,

B,=the magnetic field component in the x direction,

By=B,/; where B, is the magnetic field component in
the z direction,

(g zdzlg)

a).a I

2 = 2

w 1+f1Ro ¢ 3 {df _ dg}

I 4dz2  2adz
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10
Ry=the radius of the transverse section of a flux surface
where x=y on the entire flux surface,

said volume decreasing with increasing radius Ry.

2. Apparatus for magnetically confining a plasma as
recited in claim 1 further defined by the length of the
major axes of said transverse section area minima pro-
gressively decreasing and the length of the minor axes
progressively increasing while advancing in the direction
of the locus of the centroids of said transverse sections
of said magnetic field flux surfaces to include regions be-
tween successive area minima wherein said slender ellip-
tical transverse section becomes thickset and then circu-
lar at the area maximum and subsequently progressive-
ly more slender in the coordinate of the original major
degrees with respect to that of said preceding area mini-
mum, and the variation in the axis thereby forming an
area minimum of slender elliptical transverse section hav-
ing its major axis angularly displaced 90 degrees with
respect to that of the elliptical transverse section of said
preceding area minimum, and the variation in the mag-
netic field in the x and y directions being identical at dis-
tances spaced apart by one-half a period.

3. Apparatus for magnetically confining a plasma as
recited in claim 2 further defined by said centroid locus
being circular, and the relative magnitudes of the locus
radius of curvature Ry and the length of one period se-
lected to satisfy the ratio.

(e<m

a=the scale factor of one period variation of the mag-
netic field,

where:

4. Apparatus for magnetically confining a plasma as
recited in claim 3 further defined by said magnetic field
configuration including at least one period wherein said
centroid locus is straight.

5. Apparatus for magnetically confining a plasma as
recited in claim 2 further defined by said magnetic field
configuration including alternate sections of straight and
curved lengths, and the length of each period in every
curved section selected to satisfy the ratio

()<

a=the scale factor of one period variation of the mag-
netic field,

Rr=the locus radius of curvature in the curved section
of said magnetic field.

where:

6. Apparatus for magnetically confining a plasma as
recited in claim 2 further defined by said locus comprised
of a multiplicity of straight sections arranged in contig-
uous end to end relationship wherein each straight sec-
tion is angularly bent with respect to its preceding
straight section at a separate station along the locus, each
said station demarking a said area minimum having the
minor axis of its elliptical transverse section coinciding
with said x coordinate.
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