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The theory of microinstabilities in an infinite, uniform
plasma has been examined by many authors, resulting in the
prediction that convectively and absolutely unstable modes
exlst in both anisotropic and loss-cone plasmas. While the
perpendicular wavelength of the fastes-growing convective
and absolute modes is on the order of the lon gyroradius, in

most cases, the wavelength along the magnetic rield 1s many tens

of gyroradii, or the same order of magnitude as the length

of mirror machines. For these plasmas, the wave-packet concept

and the WKB treatment, which demand that the wavelength be
much less than the plasma length, are not really valid.

In our theory, we concentrate on the non-uniformity and
finite-length effects along the applied magnetic field
(B =12 Bz). Perpendicular to that field, we assume the plasma
to be infinite and uniform. The presence of a mirror magnetie
field results in three effects : a bouncing of the plasma
particles between the mirrors with a frequencyw,, a density
gradient along the field lines, and a variation of the gyro-
frequency along the magnetic fleld. From the bounce
contribution, we should expect to see resonance effects near
nes, not present in infinite plasmas. The density gradient
should provide a set of turning points for finite-wavelength,
infinite-plasma modes, or for flute-like modes, prescribe a
standing wave solution which may or may not admit the class
of infinite modes. The effect of the spread in gyro-
frequencies provides local gyrofrequency resonances at
various points along the magnetic field as well as a detuning
of sharply resonant infinite-plasma eigenmodes.

In our initial model, we ignore the variation in
magnetic field by representing the mirror field in terms
of a rfictitious potential

P(z) = o w‘bl 2t (1 : particle species)

This model permits an examination of important inhomogene-
ity effects on flute-like modes. The density gradient is a
result of the equilibrium distribution F being a function
of the constants of motion. We propose F to be a separable
distribution of the form
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where the integer parameter J prescribes the width of g(v,).
As ] — og g(v,) —-—2-;-‘-‘7 S(V - vm), where v = %, 3" is the
peak perpendicular velocity.

Since the plasma is homogeneous in the direction perpen-
dicular to the z-axis, the electrostatic perturbed potential
may be assumed to be of the form

v = f{rtn expi Ly - w*—)l
And the perturbed distribution, & function of cylindrical
coordinates in veloclity space, v, , Yo Vo is ol the form
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Then the linearized Vlasov equation 1is
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One can explicitly calculate the perturbed density
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and the solution to Poisson's equation
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may be obtained numerically by iteration of an integral
equation solved by computer.

Just as in the case of a homogeneous plasma, the
integrations of [ over W oand v yield a sum over the ecyeclo-
tron harmonics nfR. After doing these Integrations, we
obtaln a differentlal eguation for 'ﬂn(vz, z):
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We may take advantage of the (act thal § and %"— vunlsh
at some distance lurge compared with Lhe plasma length to
write § 1in terms of Fourier components
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We specily L = wh,/d_“ , this belng Lthe e-folding hall'-length

of the plasma. Then it 1s convenlent tu make (,') periudle
#ith period 2x L. The Fourier decomposition allows us Lo
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where the form faclors
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are independent of plasma species.
For even solutions of Polsson's equation which include
flute-like modes we impose the [ollowing boundary conditions

=1, Pla=o , JxbLi=o0

These cmlmd:ltians yleld the equalions
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where

We solve the equatlons (8) and (9) by inserting a trisl §
in (8B), then using the resulting eigenvalue to obtaln a new
eigenfunction from (9). With smoothing technigues,
convergence to flute-like modes 1s good in cases in which
they exist.
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