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AND 

Abst ract; The "nisotropic tempera ture effects of inhomogeneous 

plas ma in resonant cavities are studied. For the TMO~O mode, 

the wave equat ion can be treated e xactly in both limit cases 

1/, .(.( T,l and 1f/ » 1J. It shows uS how the parallel 

tempe r ature may be responsible for the abs ence of f r eq uency 

sh ift. J 

Re sonant cavity techruques have long been a powerful tool f or 

measuring density and collidon frequency in a plasm,,( 1.2, )) 

Howeve r , li ttl e attention ha, hi therto been p<ltd to the 

anlsotropy ef fects of a warl:1 inhomogeneous plasma. In thi s 

paper , it is shown f or the special excita tion mode TMO~10 

I transverse magnetic}, how the (in t egro- diffe rential) wave 

equation reduces exactly to the equation fo r a cold plasma in 

the limit lil -+ O (and lJ.. finite) and, on t he othe r hand, how 

it c a n lead to lIbsence o f frequen cy shift In th e limit ~-+c, 

(lInd lj flni te). 

Let us consider an infini.tel}· long cyUndic1I1 met ... 1lic cavity - ~ 
with a static magnetic field .B '" i~ 'Bo along its " xis. The 

distribution function for an "'nisotropic , low -B, c0111sio n 1e5s 

plasma is then: 

(>1 

For tran!>verse rr.agnetic (TM) eig enmode solutions with rildi ... l 

dependence on ly: 

(21 E ( . ) ~ _ () .:"'t 
~~ t. r f' 

it can be shown that the wave quation reduces ex ... ctly to the 

form: 

{ d [r J£(d1 • "' [1-Z ~I fCr) r dr ~ CL e.~ W J 

_..L[47r'e tJ(ilJ".J\T./..~ fd(J.I!.~l.<H<~E(R) 
1I Tf\)' fI . \T.t. j).u C ~_,;. d .1 _oa 
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where the time integration is made along the unperturbe d 

orb i ts (Charac t eristics) "R :. "'R ( "' / iT ) IA.) ...... ' t~ JJ. ~ l '-t . 

o 

The main feature of eq . Il) ist that, in t he li mi t of zero 

para llel temperat u re, i t reduce s to the equat ion of the cold 

pl;:l.Slna c ... se , however l arge the perpendicular temperature may 

b • . 

In such a 11mit Tt' '-:' 0 it is k.nown that the tre ... tment 

of the eige nvalue prObl em neceulIdly leads t o 1I posi t ive 

frequency sh ift I AW/w)o ) g iven approdmately in the low-density 

limit I Wp / w 1 "-.:. 1 ) by: 
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On t he other hand, in the limit T..l. _ 0 (and warbitrary), 

the wave equation reduces to the following : 

151 

wi th the boundary condition E ( ,.." 1.0 ) :. 0 

We shall con~ider the de nsity dis trib ut ion n ( r ) as a small 

parameter In o r der to treat the above equa t ion (~) by /IIeans 

o f the usual regular perturbation technique. 

al Without plasma 

Equatio n (5) reduces t o : 

(~,,) 

where A -~. J. =- =" D r a 1'" at' 
The solution is, 

E(c! < E, ( ' ) N J, ((;l' r) 

INSTABILITIES 

with Ja(ITR~);:.o whlchimpliea ), :' ).0 

Igiven in numerical tables) . 

b ) With p lasma 

We write the neW' solution as 

with the new eigenvalue 

so t hilt eq . (5) can be written 

wi th the boundar y condition E1. (r::: Ro) ~ 0 

8nd t ~ 

A (l) ' "- ~ r L ~p(r) ~!L - L, 
1 r dl" t . ;' Wll - J1,./.. L" dr- .toIL 

In lowest oreer, we get eq. (Sa) , 

and in the next o r der: 

Introducing 

it is e asy to \'eri fy that 

so that eq. (~b) reduces to: 

'" A, = - ( Eo, A, (,.) £,) I( E •• c.) 
or. after some tran s f ormation: 

1', '" <O() {E () ~ ~ >( Eo' (r)' l 
111 ~((,)t) = rdrb"'rr o r .~ J 

J~Gdr- t oCff 
• Thi s gives us the freq uency shift o f a cy lind rical cavity for 

the TMOMO mode in the limi t o f small perpendicular temperature, 

but f o r a rbitrary p"rallel temper ... ture and density p rofile. 

As c a n be ISeen , frequency shift may be absent . In a recent ex

periment ( 4), a microwave cavity operatinq in the TMOMO mode 

was insens i t i ve to the presence o f a hot electron component 

of d ens ity. The ilu tho rs a ttributed thi s resul t to some plasma 

temperature effec t; but the parameters In this experiment 

T,fe « T.l e ......, 1 Kc.V 

Jl, ~ ,·1 6 HI- clear ly s how that the ex-

planat ion for this lack of frequency shift lies somewhere else . 
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