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ABSTRACT

An existence of the closed magnetic surface in the Forsatron
type fusion machine is considered under the condition that the
mechanical forces in the helical coils are compensated. The
closed magnetic surface is not destroyed by the zondition if

2 > 3, where ¢ is the multipolarity of the helical field.



In construction of the high field systems with the helical
conductors one of the important technical problem is the
compensation of.the mechanical forces due to the interaction
between the coils. Some authors have considered ﬁhis problem
[1-2]. However, a question arises whether the closed ma?netic
surface is destrdyed or not in such force-compensated construc-
tions.

In the present paper a systematic consideration is given
to the existence of the closed magnetic surfaces in the force-
compensated helical symmetric systems. Apparently, the
compensation of the forces in the helical conductors‘is
difficult to attain in the so called Stellarator systems, but
it can be easily completed in the torsatron type apparatus.
Thus, we consider only the torsatron type configuration.

After Aleksin'sAwork [3] the magnetic field of the single
spiral current with pitch distance L on a cylinder of radius

a becomes, with accuracy up to g,

g = - 2L sin

r €& 1 + r? - 2r cosé ’

21 - ]
Hw =2 Y cos , (1)
1 + r? - 2r cos®
H, = %% e l - r cosb ,
1 +r? - 2r cosh
where € = 2ma/L << 1, 06 = ¢ - €z and r and z are dimension-

less coordinates of the "point of observation" expressed in
units of the radius a. The notations I and c are the current

along the apiral and the velocity of light respectively.



In the torsatron systems £ - helical windings are wound relative
to each other by angles 2m/% on the surface of the cylinder.
These helical currents attract each other except £ = 1. 1In
this situation a simple way to compensate the attractive force
is to introduce an uniform magnetic field along the z axis,
whose strength is Hy. In the case of & = 2, the compon;nts

of the force F which acts on the helical conductor becomes

IZ

F =€IH0'—E (2)

and
F. =F =20 . (3)

Then, the requirement of the force compensation Fr = 0 leads to

L

H =
0 ca

1
- - (4)

And the magnetic surface of the ¢ 2 torsatron system is of

the form

L

€
Y = =
ca

5 Hor? = const. (5)

¢n(l - 2r2?cos26 + r?) +
An important conclusion from Egs. (4) and (5) is that there
is no closed magnetic surface in the force-compensated & = 2
torsatron. By inserting the Eq. (4) into the expression (5)

we have

y - L o2 2
v = r? (42 cos 0) (6)



around r = 0.
The expression (6) clearly shows that the magnetic axis is
hyperbolic in this case.

In order to overcome the lack of closed magnetic surfaces,
the multipolarity % must satisfy the condition & > 3, provided
that € << 1.

To illustrate this, for simplicity, we choose & = 3.

Then, the components of the force F become

and
_ _ 21
Fr = I(eH, _"ca)', (7)

In this case the magnetic surface under the condition of Fr =0
is

v = (r? - Qn(i - 2r3 cos® + r?)]. (8)

I

ca

Therefore, we have the closed magnetic surfaces around r = 0.
From the practical point of view it is important to see

the cross-section of the magnetic surface composed of the force-

compensated helical current. The magnetic surfaces which are

useful for the confinement of plasma is separated in space by

the separatrix on which there are singular points. These

singular points can be determined from the conditions:



and

Y
55 =0 - (9)

1] ~—
Then we have three singular points at r = 1/3 and 36 = cos !

(-1).
Since the cross-section of the separatrix is very similar to
the shape of the equilateral triangle, the cross section ratio

Q of the separatrix to that of the cylinder on which the spiral

coils are wound is approximately
Q = 1/27/3 =~ 0.1 . (10)

It is easy to see the strength of the uniform magnetic
field in order to attain the force compensation for the general
torsatron field of multipolarity 2. From the tedious calculation
the necessary strength H,; becomes
I -1

Ho =3 < - (11)

Then, the magnetic flux function Y is
1 r? —Qn(l - 2rlcos 26+ rzzﬂ. (12)

Thus, the higher multipolarity has a merit to obtain larger Q
value.

We conclude, therefore, that the formation of the closed
magnetic surfaces by using the force-compensated helical current

is possible if the multipolarity £ larger than 2 is adopted and



that the higher multipolarity has a merit to obtain larger

cross section of the separatrix.
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