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The theory of mlcrolnstab1l1tles 1n an lnfinite, uniform 

plasma has been examined by many authors, resulting 1n the 

prediction that convectively and absolutely unstable modes 
exist in both anisotropic end 10s8- cone plasmas. While the 

perpendlc~lar wavelength of the fastes-growing convective 
and absolute modes Is on the order of the 10n syroradlus , 1n 
moat cases , the wavelength along the magnetic fteld Is many tens 

of gyroradl1. or the 8amS order of magnitude 8$ the length 
of mirror machines . For these plasmal, the wave-pa cket c oncept 

and the WKB treatment, wh 1ch demand that the wavelength be 

much less than the plasma length, are not really val1d . 

In our theory, we concentrate on the non-uniformity and 

finite-length effects along the appli ed magnet1c field 

(§ _ z B~) . Perpendicular to that f1eld, we assume the plasma 

to be 1nfinite snd uniform. The presence of a mirror magnetic 

field results in three effect s : s bouncing of the plllsma 

particles between the mirrors wi th a frequency W b , a dena1ty 

gradient a l ong the field lines , and a variation of the gyro

frequency along the magnetic f1eld. From the bounce 

contribution , we should expect t o see resonance effec ts near 

n "' b not present in infinite plasmas. The density gradient 

shou ld provide a set of turning points for fin1te - wavelength, 

infinit~ -plasma modes, or for flute - like modes , preacribe a 

standing wave solution which mayor mllY not admit the c l ass 

of infinite modes . The effect of th~ spread in gyro

fr e quencies provides local gyrofrequency resonance s lit 

var10us points along the magnetic f1eld as well as a detuning 

o f sharply resonant infin1te-plasma eigenmode s . 

In our initial model , we igno r e the variati on in 

magnetic field by r epresent ing the mirror rie l d in terms 

o f a fictitiouS potential 

• • W bl ~ (l : particle epec1es) 

Th ia model permits an examinat10n of 1mportant inhomogene

ity effects on flute-like modea. The dens1ty gradient is a 

result of the equi l ibrium distribution F being a function 

of the constants of motion. We propose F t o be a aeparable' 

distribution of th~ form 

where the integer parametl;!r J 

As J -0 OC\ g(v ~ ) - 2!VL ~(VL 
peak perpendicular velocity . 

prescribes the width of g(v ~ ) . 

- vm), where vm • d..LJ~1 is the 

Si nce the pla s ma i s homogeneous in the dire c ti on perpen

dicular to the z-axi s , the electrostatic perturbed potentilll 

may be lIssumed t o be of the form 

And the perturbed distribution, a function of cylind r ical 

coordinstes in velocltj apace , v~ • 'f • v z • i s of the form 

f= f( v"'f,,,~,'tl npld k.\C - .....,nJ 
The n the linearized VIssov equlltion is 

(1) 

(Q: the gyro frequ f:! ncy) 

One can expllcitly calculate the perturbed denaity 

lI nd the solution to Poi s sQn' s equat l on 

n,ay be obtained numerically by iteration o f IIn inlet;ra l 

equation solved by computer . 

(') 

(» 

Just as in the case of a homot;eneous pl ilsma, ~h" 

integrations of f over 'f uni,l v~ yh:ld Ii sum over ~h\J cyc l u

tron hllrmonics oQ. After doing th~se integrat iuns . wc 

ob~al" .. tllC'C'"".,,,~1111 "4u .. ~ 1un fo ,' /3n(v
z

• :;r; ): 
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We may tll ke advantage o f th o:t fa Cl thal -f 
at som~ distance lilrge compa r ed with lht' 

writf:!", 1n terms 01' Four1er c:umpone nt:> 

d • 
and *7 vunish 

plil s Rta I t:· togt tl t.u 

i-o,l=t 'f,...~'()'ll~,...f:-) ,. .... 
We speci f y L _ lA.1~ /tL • • thi s bci "~ I.h" e-foldlnlJ hlllr-l.,r • .,t h 

of the plasma . Thcn it Is convt:nl""l ~o rflltkL' .;J pcr'l'-'!.llc 

,.,ith pf:!riod 2 1'< L . The Pouri e r decomposition allowS us t u 

write 

where the form factors 

~(l.J:! OpIQi'i') J·~v e'"'' J ( ~i/ ... i~) (~ ~ i. q" 
,.~ It 'Or (V' .. i' )"\<. z.~ (7) 

are independent oC' plasma spec i es . 

!'or even solu~tons of POisson's equiit.i on which i ncl ude 

flute-like modes we impose the following boundar;,> CO/ldl t i o l15 

rf (0) - I ~(ItLl = 0 

These conditions yi e ld the eq uat.ions 

U or " ' T/ (.k,Li 
J / kLL)e o.lildi. (") 
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where 

We solve the equat. i ons ( 8 ) and (9) by inserting 

in (8) . then using the resulting ei~envalue t o obtain IJ new 

eigenrunction from (9) . With s moo t.hing tec hniqu es , 

convergence to flute - like modes i s good in CIlIItIS in whi c h 

they exis t. 
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