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%Rile the ordinary electrostatic drift mode is stabilized by either high-P effects or an
admixture of cold plasma, a compressional drift mode is shown to be destabilized under
these same circumstances. The condition of the instability is approximately given by

sI /s& & pKO p; /2, where nz and n~ are the number densities of the hot and cold compo-
nents, respectively; Kp is a measure of the density, temperature, or magnetic field
gradients; and p; is the ion Larmor radius.

c'k'/(d'-(~„, + e,.'/e„) =0.

If we consider an admixture of cold electrons with n, -n~, the e„component becomes very large and
the dispersion relation can be reduced to

c k /ld -E = 0,

where e„, can be derived using the ordinary WKB approximation,

1' v&'[J„'(k, v, /&u. )]' m k~ s
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where dv =—2&v J dv J. dv ll, ve [= (v s'/2&@, )(S InBo/Sy)] is the VBo drift speed, and the other notations are
standard. We consider the velocity distribution function f, to represent an isotropic Maxwellian dis-
tribution with both density and temperature being functions of y. Substituting Eq. (2) into Eq. (1a) and
expanding the derivatives of the Bessel functions, 4„', to a suitable order, we find the following dis-

(2)

The ordinary electrostatic drift-wave instability is known to be stabilized in a high-P plasma (P
&0.13) by Landau damping of ions drifting as a result of a magnetic field gradient in the same direc-
tion as that of electron diamagnetic drift." This instability can also be shown to be stabilized by a
fractional mixture [nc/n„R (m, /m, )'"]of cold electrons that short-circuit the parallel (to the ambient
magnetic field) electric field which is needed to maintain the drift wave. '

On the other hand, drift waves associated with compressional modes (modes which produce changes
in the parallel component of the magnetic field) have a tendency to destabilize at a larger value of P
because the transit-time damping which is proportional to P plays the role of Landau damping in the
electrostatic mode.

Mikhailovskii and Fridman' have considered drift waves in magnetosonic modes (coupled modes of
an acoustic wave and a compressional wave) and have shown in fact a wider range of unstable regions
in the value of P. However, these modes are again strongly modified by an admixture of cold plasma
because of the disappearance of the ion acoustic wave. Stabilization of the modes can be shown to oc-
cur when n, -n~. Therefore, most of the drift-wave instabilities presented in the past are stabilized
in a high-P plasma with an admixture of cold plasma.

We will show here that when the cold-plasma density exceeds a threshold, however, the compres-
sional Alfven wave is destabilized either by inversed transit-time damping of ions or by inversed Lan-
dau damping associated with resonant particles drifting as a result of a magnetic field gradient.

We consider a nonuniform and high-tt plasma embedded in a straight magnetic field Bo(y)d', . The
nonuniformity is taken in the y direction. In the low-frequency (&o «~„) and the long-wavelength
(k~v r, «&u„) limit, the dispersion relation for the magnetosonic mode can be written as"
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persion relation for n, »n&".
2
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where
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Note that ~ and (d~ as well as cu, include signs. Also note that because of the small P the cold-plasma
contribution appears only in the second term in Eq. (3). The pressure-balance condition requires that

wo, +(P;+P, )(1+q, +q, )tu. , =0.

In the absence of nonuniformity, Eq. (3) can be identified as the dispersion relation of the compres-
sional Alfven wave with transit-time damping represented by the imaginary part of the $ integral of
Eq. (5). It must be noted that in the presence of diamagnetic drift, &u, there are ranges in the fre-
quency ~ in which the signs of the coefficient of I, or I, are reversed, indicating the inverse transit-
time damping due to the diamagnetic drift. In the absence of the cold component, the second term of
Eq. (3) vanishes; thus previous authors have concluded that the compressional Alfven wave is unaffect-
ed by the drift wave. " However, it can be shown that in the absence of the second term, there is no
instability because of the absence of a mode (rather than that of an excitation source), except for an
unrealistic case of g&0.' The cold plasma reduces the Alfven speed without modifying the transit-
time damping and creates a mode to which the inverse transit-time damping can couple and make the
mode grow.

The instability can be excited in various ranges in the angle of propagation.
Case (A): &u+&uo«k~~vr, . —In this case if T, -T, the inversed (on transit-time damping excites the

instability, where

I„--2x(~)2" Ikpvzql ', I (- 26i( v)'-~"Ikpvzgl

and the growth rate y is given by

Y (~2) 2k i v& (Pi/Ik iiv, i 1)(-~.;(I + .n;)/l», —l 11-
at ~ = ~kv„~. If we take k~ to be in the direction of the ion diamagnetic drift, then k~&0, or &u~,. &0,
hence the instability occurs for the wave propagating in this direction. The condition of instability is
obtained from Eq. (11) to be

rgc 1 2

n„p; pg'a'(I + 2r]()'
'

The maximum growth is reached when kv„-k~~v~; and y -P;*; if q; =0, or y -P,.~~,-g,. if q,. »1.
Case (Bj: k~~vr;«~+&so«k~~v~, .—In this case the ion term in Eq. (3) becomes

2k~ Pg 2~gg( &d &d~P/g (dg~
( )l~,T l~„l ' l~„l

(12)
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where

(14)

If q, & 1, the ion Landau damping due to the spread in VB, drift [e integral in Eq. (14)] tends to stabil-
ize the instability generated by the inverse transit-time damping by electrons that originate from the

g integral. The stabilization mechanism is similar to that for the case of the electrostatic drift mode.
The instability is possible for a relatively low-P plasma for which

is satisfied, where lv„, [ is the electron diamagnetic drift frequency. Then the condition of instability
is given by

n, 2T, /T,

If g, & 1, the inversed Landau damping of ions can excite the instability. When q; » 1, the growth
rate y is expressed as

Hence the condition of instability is Ikv„l& l~« I or

n, /n, & 2/P, p('~s',

and the maximum growth rate y is approximately given by

ym ~ ~9~~+~ ~

Case (C): k~~-—0.—The instability exists also for a flute mode, k~~=0; however, the result is effec-
tively the same as in case (B) for rl&1. If 0&@&1, there is no instability for this case.

Although the mechanism of excitation is different in all of the above three cases, the condition of in-
stability and the growth rate are similar and are generally written as

n„/n, &P,x,'p, '/2,

where ~, is a measure of the density, the temperature, or the magnetic field gradient, and the growth
rate y -P,gx.;.

A plasma for which the present study of instability is immediately applicable is that of the magneto-
sphere, especially within the plasmapause, where low-energy protons (T, -10 keV) having P, -0.1 to
1 are intermixed with cold plasma (T -0.3 eV) whose density is 10' to 10' times that of the low-energy
protons. Although the growth rate obtained here is proportional to k~, if we consider the effect of fi-
nite Larmor radius, it will have a maximum value at k -1/p, . The period of the excited oscillation
then becomes typically 1-10 min, which agrees with recent observations of relatively regular oscilla-
tions of the compressional mode in the magnetosphere. ' The author wishes to thank Mrs. C. G. Mac-
lennan for the proof reading.
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The contribution of magnetic surface states to the radio-frequency impedance of met-
als is considered in the low and high magnetic field limits. A peak in dX/dH is pre-
dicted to occur at a field for which the length of a bounce along the skipping trajectory
of the first quantum state is comparable to the mean free path. The model is compared
with experiments on Cu.

At a sufficiently smooth surface, conduction
electrons are specularly reflected; and in a mag-
netic field they become bound to the surface in

quantized states. At microwave frequencies sur-
face-bound electrons carry a component of the
skin-layer currents, and are responsible for the
surface-state resonance spectra. ' It is likewise
expected that surface electrons should make a
notable contribution to the rf (MHz range) imped-
ance of high-purity, metal single crystals at low

temperatures. Koch' first suggested that surface
electrons might account for the distinctive dX/
dH (reactance-derivative) signals observed at
low magnetic fields by Cochran and Shiffman' in
Ga and by Gantmakher' in Bi. Gantmakher,
Fal'kovskii, and Tsoi' also gave an argument in-
volving surface electrons to account for the dX/
dH signal observed in K. Neither of the models
proposed adequately explained the experimental-
ly observed dX/dH peak. In this communication
we present a new model for the contribution of
surface electrons to be rf skin-layer currents,
which accounts for our observations in copper.

The original model' led to a minimum in dX/
dH at a field where the first quantized skipping
trajectory becomes entirely confined in the rf
skin depth 5, i.e., when z, —5. Here z„ is the
maximum trajectory depth for the nth surface
level. This model predicts a linear dependence
of the dX/dH peak position on frequency in con-
flict with experiment. The model also fails to
account for the peak position shift observed with
changes in temperature.

Gantmakher, Fal'kovskii, and Tsoi' arrive at
the relation R5=l' for the peak position Ho. R is

the cyclotron radius and is related to the magnet-
ic field and Fermi-surface radius E by R =RE/
eH. I is the mean free path (mfp). Neither the
frequency dependence H, ~ ~ '" nor the mfp rela-
tion H, ~l ' is observed experimentally.

The present model is related to that proposed
by Koch' but takes into account the crucial ef-
fects of the finite mfp. According to the ineffec-
tiveness concept, the anomalous-skin-effect
(ASE) currents in the absence of a magnetic field
are carried by electrons moving within an angu-
lar range 5/l to the surface. Electrons such as
in Fig. 1, moving more steeply away from the

K /eH
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FIG. 1. A field H, applied parallel to the metal sur-
face, converts ineffective electrons into surface bound
states that effectively contribute to the skin-layer cur-
rents. On the Fermi surface, effective electrons are
contained within the angular range (6/B)' . As a re-
sult dX/dH is expected to diverge at low fields. For
finite mfp the divergence is terminated and a peak re-
sults at H().
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