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A stellarator trap is proposed with ell i .ptic nagnetic surfaces
with seniaxes a and b; this trap has transport coefficients snaller
by a factor (b/a)2 than traps with round cross section. At equivalent
plasma volunes, this nakes lt possible to increase the confinernent
time by a factor (b/a), reducing by the same token the corresponding
surunary energy ignition threshold and the energy release in the
thermonuclear reaction. Estirnates of the transport coefficients are
obtained within the franework of the so-called rrneoclassicalrr model
of  co l l is ion d i f fus ion.

It is known that the condition of hydrodynanic stabil ity in tokamaks, q > 1 (q is the
stabil ity margin), deternines the maxirnun val.ue of the current density in the plasma, and thus
imposes a definite l imit on the ohmic rnethod of heating. To increase the l init ing value of the
current, a ttring typeil tokanak was proposed, nanely a tokanak with nagnetic surfaces of ell iptic
cross sect ion e longated a long the pr inc ipal  ax is  of  the torus [1] .

In the present article we wish to call attention to the possibil i ty of producing a. trap of
the stellarator type with rnagnetic-surfaces cross sections that are strongly elongated along
the pr inc ipal  ax is  of  the torus.  We shal l  ca l l  th is  t raP arrste l laron.r? Since the magnet ic  sur-
facei and ihe rotational transformation are produced in such traps not by the current f lowing in
the plasna but by external conductors, one should expect in similar systetns to make the rati.o of
the seniaxes b/a as large as desired. We shall show that this rnakes it possible withi.n the
framework of the sane approach as in the case of the ring tokamak, to decrease greatly the in-
fluence of the toroidal effects on the transport coefficients.

+

We consider by way of example q System with a magnetic f ield B = V0, described by a scalar
potent ia l

O r (  u , u , s , )  = "  +  e c l S e n f u , - q ) " e ) ( u , - l )  c o t n c s  -  C e o f u , - Q ) c e o ( o , - i ) x

x  e i n n c s ]
( 1 )

inside an ell iptical cylinder u ( uo, where u and v are the ell iptical coordinates in the cross
section s = const, and s is the lon;itudinal coordinate along the cylinder 

'axis 
[2]. The poten-

tial (1) corresponds to the lowest harmonic of a systern of conductors in which the currents in
the neighboring conductors flow in opposite directions, and the conductors are form helices
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on the ell iptical cylinder u = uo (or on an ell ipti,cal torus in the approxination a/R << l,
where R is  the pr inc ipal  radius of  the torus)  .  The funct ions Sen(u,  -q) ,  Cen(u,  -q) ,  sen(v,  -q) ,

and ce-(v. -q) are the associated and ordinary Nlatthieu functions of integer order n of the
p"r"r"t"r-q, =- n2azc2/4 in l,tactachlanrs notation [3]. In accordance with the conditions under
wtricir the probJ.em is considered (srnallness of fast oscil lations of the force l ines relative to
the averaged magnetic surfaces), the greatest interest attaches to the case when an tu nz >> 2q
>>  l ,  w i t h  n  >  bo /ao  =  l / s i nh  uo  >>  l .

The equations for the nagnetic force l i.nes of the field described by the Potential ! l) 9al
be solved by using the average rnethod [4]. The equations for the force-line coordinates u and v
averaged over the longitudinal current period L = 2nn/a ! /ao have an integral

{r1i,;) = i"*p[ - ( ch2 a- - coa 26 )l = "oo"t ,
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which corresponds to the averaged magnetic surfaces [. The function T = f([, D in expression
(3)  is  g iven by

f = s e oG)cJ,(i)s e' (i) c er(i) - s Jo{i)c"oft)c e'o6)s e,(i),
(3a)

where the prirnes denote derivatives with respect to the arguments, and the dependence on the
paraneter "-q" has been omitted. The structure of the nagnetic surfaces U = ionrt, the diagram
of the current systen that produces the magnetic system, and the coordinate systen, are all
shown in F igs.  a and b.  A qual i . ta t ive ly  correct  descr ipt ion of  the resul t  o i the i t ructure of
the sgrlaces 0C,1, n2o= const can be obtained already in the extreme asynptotic l imit n >> 1,
when f(u, v) -+ (coshznu - costnv), and the current l ines forrn helicet rr - "t = const.

The results show that it is possible, in principle, to produce a trap with nagnetic sur-
faces that are strongly elongated in a vertical-direciion and-have, on the average, an el.l iptic
cross section. In addition, an inescapable result of such a deforrnation is also a one-dimen-
sional resonantly-string-1ike structure near u = 0. However, the dimensions of this substruc-
ture are finite, and according to expression (3), their magnitude relative to u is given by

a r  g h l  I
r { a - o " = - d - ,

1ao +  2q) r /2  t r

so that.when n > bo/ao = l/sinh uo no serious defects are produced in the nagnetic structure.
The horizontal aperture dimensions in tenns of u, according to (5), can be oi the order of ue,
i f
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Estinates at a suitable l iuritation of u (when nu tu 1) give acceptable values of the angle r of

the rotational transfornation and of the shear, and an investigation of the optirni-zation-of-the

current system is beyond the scope of the present article. A nore detailed exposition o-f this

question wil l be prelented in another artit le, where other methods of realizing traps of the

stellatron type wil l be presented.

Let us estinate now the value of the diffusion coefficient D in the stellatron. This is

easily done by using the model of Brownian notion of a trial particle, according to which

;-;-.1.r;, whlre v fs tne effective coll ision frequency, and A is the randon deviation of the

particle irour the nagnetic surface during the tiure between two successive coll isions. Leaving

out the sirupLe calcufations, we present an expression for the diffusion coefficient DT connected

with the presence of toroidalityrJ

Dt - u2r,
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where v is the effective frequency of the electron-ion coll. isions, ( = ry/2n is the total angle

of rotational transfornation nornalized to 2n, v1 is the thernal velocity of the electrons, p is

the Larnor radius, e1 is the ratio of the_nultipole 'rhelicali l  component of the field to the

longitudinal conponeit 85 (i.e., El tu enenu), R is the principal radius of the torus, u = a/b'

and er, is the derivative of eg along the normal to the nagnetic surface.

It follows fron (6) that in the entire range of frequencies the diffusion coefficient (and

also, as can be easily-siown, the thernal-conductivity coefficient) is snaller for the stella-

tron by a factor (b/a)2 than for the ordinary stellarator at equal angle of rotational conver-

sion. Accordingly, t ire plasma lifetire in the stellatron is (b/a) t ines larger than in the

ordinary stellarator.

firus, if the theoretical prediction bised on the existing concepts concerning transport

phenorena in toroidal systens is correct, the sunnary energy threshold of ignition (and accord-

ingly, energr output) oi a thernronuclear reaction in a stellatron is smaller by roughly one

orler'of n"g"i.tual (6y a factot b/a) than in ordinary systens. On the other hand, within- the

franework oi prr"" ptrysicaf research, the construction of a stellatron would cast nuch light on

the role of toroidil effects in plasrna confinement. Of course, it is necessary first to inves-

tigate in sufficient detail the itabil ity of the plasna in such devices, ahd to look into the

pr6Ut"r of sufficient topological stabil ity of the magnetic configuration'
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l)Th" aoa"l diffusion coefficient is Dsl = \, where Ds1 : p2v'
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