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Abstract
The stability is studied on the balance of the forces exerted on the electrons by the

resistive friction and the Rotating Magnetic Field (RMF) applied for the sake of maintaining
Field Reversed Configuration (FRC) in steady state. The simple analytical model such as
infinite-long plasma, rigidly rotating ions and electrons and uniform plasma density are used.
The linear stability analysis of the balance is carried out in the reduced zero-dimensional
model which include the effects of ion rotation, radial plasma flow and separatrix radius
change due to the flux conservation within the flux conserver. The analytical expression
which gives the stability criterion is derived from the eigenvalues of the linearized equations.
Based upon the stability criterion, an interpretation of the present experimental results and
comments of the future experiments are given as for the penetration of the RMF into the FRC.

Introduction

The Field Reversed Configuration (FRC) possesses the advantages of the other candidate
of a magnetic confinement fusion in the viewpoints of the high beta, intrinsic diverter
configuration and engineering simple structure.  However, the lifetime of FRCs produced by
the field reversed theta pinch is limited within several hundreds of microseconds due to a lack
of mechanism to sustain the current againgt Joule dissipation. It has been proposed that the
Rotating Magnetic Field (RMF) is externally applied in order to keep the reversed
configuration in steady state.[1] The experiment has been taken up intendedly to verify that
the amisright.[2] The purpose of the study is to examine anaytically the stability of the
equilibrium achieved by the balance between a resistive decay of current and a drive of current
by the RMF considering the effects of ion rotation as well as separatrix change under the flux
conservation.

Basic Equations

When we assume the rigid rotation of an electron fluid, the RMF penetrated into an FRC
plasmais analytically given by [3]
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c speed of lightB,, strength of rotating field, & frequency of rotating field, w, rigid rotation
frequency of electron fluid. The variablesrelated to an RMF are taken to be

Alr,t)= A(r,t)e@)

where the higher harmonics are neglected and the time derivative ofﬂ(r,t) must be is slower
than the RMF frequency.

Using the analytical expression of the rotating magnetic field, the time derivatives of the
axial magnetic field and the ion azimuthal velocity are respectively written by
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we neglect the ion radial motion and assume the axial magnetic field is given by
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where B, = thewigid rotation frequency of ion fluid.
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By averaging 9 " with respect of theradial coordinates, Egs.(3) and (4) are written by
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respectively.



3. Linear Stability of Equilibrium Solutions
Setting the right hand side of Eqgs.(6) and (7) to be zero, we have the non-unique
equilibrium solutions asfor w,and @[4] We consider two limiting cases as follows,
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obtain the approximate solutions
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The former gives the solution for the full penetration of an RMF, while the latter corresponds to
the partial penetration. The equilibrium of the solution for the partial penetration is more
interesting to interpret the present experimental results.

By linearizing Egs.(6) and (7) around the latter solutions, we obtain the normalized

equations for the perturbations Ad,;, = Ay / Ve
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Here, we use the flux conservation relation represented by
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of which effects appear asthevariable [ = (rW2 -a’ )/ (23.2. - rwfe)also neglect the perturbations
of the density and the temperature, simply because the parameter dependences of their changes in a
resistive time scale are unknown.  We can derive the

eigenval ue equation by setting allly,  toAéproportional to in Eqp(l&]ﬁ )and (12). The
largest eigenvalueis
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The second term which represents the ion spin-up effects is much smaller than the unity and

safely neglected.  Then, the condition for the stabilityis A >0 , i.e.
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Using Eq.(9) and setting M =1, (1+ a)/a atl Vg, Wephave the simple expression
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for the stability. The similar matters are discussed in Ref.[4], which did not include the
effects of ion spin-up motions or the radial change of a separatrix. It was concluded that the
equilibrium solution representing the partial penetration was always unstable, and could not be
realized.

Discussions and Conclusions
We quantitatively discuss the results derived in the previous chapter using the concrete
FRC and RMF parameters shown in Table 1, which are similar to those of TCS.[2]

[0 Using the largest Eigenvalue given by Eq.(14), we estimate the time changing rate of A,
and Aw by Aénd comparewith — at
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Since the dynamical response is much slower than f[he RMF frequency, then the assumption

to take the variables related to an RMF as A(r,t)e/“ fvalid.




[0 The subgtitution of the parameters listed in Table 1 into Egs.(8) and (9) gives ka=1.0
and (w-w,,)/w=0.084d ka=9.5 and (w-w,, )/w=0egectively. Since the values
(a)—a)eo)/w in both of the equilibrium solutions are much smaller than unity, then the
assumption of w,, [l in obtaining the approximate solutions may be justified.

O The stability condition given by Eq.(16) is marginally satisfied by the parameters of Table 1.
Then, the operation at the partial penetration of the RMF may be stable, at least marginal. It
is consistent to the numerical simulation study by Milroy[5].

[0 Since the equilibrium solution which gives the partial penetration of the RMF will become
unstable for a denser and larger FRC, of whichaw,, /c is larger, the full penetration may
occur.

O Thereversal condition of an FRC is Ba/BZo = Where By isthe externally applied axial

B W, — W
magnetic filed strength.  Since —2=—2__"9=087=1
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then, the current driven by an RMF is somehow enough to reverse the externaly applied
magnetic field B,=160 G.

In conclusion, the paper first studied the RMF penetration into the FRC at the
view-point of the stability of the equilibrium between the drag force exerted on the electrons
by the ions and the force driven by the RMF.  We should study the dynamical behaviors of
the penetration in order to clarify the physics of the RMF penetration more directly.
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