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Coll i s lonleS B. steady state plasmas sho',fing a remarkably low 

level of density fluctuation ( Lht/7t-<5jt;) have been generated 

1n a mirror geometry magnetic f I eld , by applying 50 W, Cw, 
2 . 4 Gels to a coupling structure of new design. 1 ), 2) . The 

plasma has electron temperatures 5 to 30 aV, ion temperatures 
around 5 aV, e le c tron dens i ties of 1010 to 5 x 1011 cin- '\ and 

can be produ ced 1n various gases at pressures 8S low 8.8'10- 5 ton' , 

for 8 wide range of magnetic fIeld strengths ( LJ BIB < 80%) . 
This quiescent plasma, w1th electron tempe ratures two orders of 

magnitude greater than t hermal alkal i plasma ("Q~machines) i s 

particularly suitable for baSic plasma physics studies. Also 

the long mean free path for i ons and electrons makes study of 

this plasma relevant to pro blems in space physics and contr olled 

thermonuclear research. 

We have investigated experImentally. 

a) the density fluctua.tion level 

b) the temperature and density profiles at di fferent positions 

along the plasma c olumn 

c) the variation Of density a nd temperature with magnetic field 

strength, applied r.f. power and neutral gas pressure. 

~'rom these measurements we have studied end losses ( the 

dominant loss mechanism) and have obta ined verification of the 

following simple model for plasma l osses in a magnet i c mirror . 
We consider a steadystate plasma,volume V. density nand 

particle energy kT produced by applying r . f. power P . H. F . with 

coupling ~ffi c iency '7 . Then the containmen t time r is gIven 

'oy the relation 

( ,) 

For constant V. T , and P' R F we have from (1). 1l....ct: . Fol

lowing Spitzer . 3 ) we emplo~ ~ par~lcle reflect i oll coeffi cient R. 

where R ~ l - Bce/Bm, (Bce i s the magnetic f ie ld strength cor

responding to electron cJcl o tron resonance , and Bm is the 

maximum field strength In t he mirro r) .. nd o b t ain from the 

cons idl.,'ation of mass conse r va t i on 

From ( 1) and (2) we have n-< 1: -«I -Rj'- 5./5<0. Furthel' . we 

must take ac c ount 0[' the fa c t that in a c o llisionless p18sma . 

no particle buUd-up i a possible in the absence of mirror con

finement; i.e. n • 0 for Brr/Bce • 1. anu n :> 0 for Bn/Bce:> 1. 

Hence we have. 

11. "" (5 - B ) 
~ " 

The experimental arranaement is shown in Fig. 1. The r. f . 

is f ed to an "L" co il1 ), .1 ) of 3 cm i nternal diameter. A!> 

vacuum wavel ength of the applied r . f . power (~12 .5 cm) is 

(}) 

power 

'h. 
much 

greater than the cut - off wavelength of the "L" ooil , no r.f. 

power wUl be r8diated out of the coil . Plasma is generated 

whenever the ma&net i c fiel d S~ren&th equals the value Rce ror 

elec tron cyc lotron resonance (ECR) with the . exciting frequency . 

BecaUSe the " L" coil extends over a large region of non uniform 

magnetic field, plasma ia produced for a variation of nearly 

8~ of the minimum value of Bm (for which plesm8 generation 

takea place). 

Fro~ the measurements a). b).and c) we conclude that for 

magnetic field etrengths in the range 1,2 < Bm < <:! k~ . the 

production of plasma in the ECR region is unaffected by the 

position of Bee ' The neutral gas pressure was 6 x 10-5 torr . 

for all tha reported measurements. Wi th 40 W of applied 

r.f. paWSI' the measured electron t e mperature was 10 eY and 

little deviation from this value ( < 10%) has been d e tected 

on ths temperature profiles at various positions a~ong the 

plasma column . The c harac terisation of this plasma as 

col11aionle81 appears well Juet1f,led from the relevant time 

and length aoale8 derived fro~ the plasma parameters at the 

glvan neutral gas pressure. 2 ) 
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Experimental arrangeme n t 

the mirror. The different sets o f d a t .. , eac h f UI' 11 g i ver. r . f . 

power level, clearl y defi ne a common value or rnagne l. i c i'ield 

s~rength correspondi ng to the elec t r on cyc l o 1.l·on l'eSOnbl\Ce j)c~' 

\011 th the same neutral gas pressure and the same rauge or po" er 

levels , th~ zero value of density has been ve ri f ieu wl ~ h 11 

homogeneous mllgnetic fi el d 8 ~ Bce ' Cle .. rly the rel ... l.lol1 D ) 

., 

I s exper imen tally well verified, Fig , cb sh o'ws plUlltm.. uellsi1.y 

measur'ed at the midule of the mil'ror pl o tted Stl lli ll s1. applied 

power PR• F , for different magnetic fl a l o sl.rene l.hs , F'or COI, Ii\' . 

B~ we have n~ P. R. F . in agreement with ( I). 

In Fig . <:! a the plasma densil.y measured 11.1. \,he cellLre ut' I.lle 

mirror ( position of probe 0::) 1s plot1.eo lI 1:', a1l1SI. 8m, I.lle 

maximum vlIlue of l.he magnetic: f iel<J stre ngt h at Lhe Eln!! 0 ," 

ne"6"IOIOem· 3 
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We have described 11. particularly ve r stltlle plasmu source IInd 

used it to carry out a study of plasma losses i /l 11. magl,eti!.; 

mirrOr. Experimental results agree well with the descript i on 

given by a aimple model involving the single parl.iele 

reflection coefficient in 11. magne tic mirror. 

This work was performed undel' the terms Of I.he agreement 011 

association between the Insti t ut fU r Plasmaphyslk a nt! !::ul"lItom . 
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