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Collisionless, steady state plasmas showing a remarkably low
level of density fluctuation ( An/T <5%) have been generated

in a mirror geometry magnetie field, by applying 50 W, Cw,

2,4 Ge/s to a coupling structure of new design. ‘’ ). The

plasma has electron temperatures 5 to 30 eV, ion temperatures

0 t0 5 x 10" em™?, ana

can be produced in various gases at pressures as low as' 1070 torr.
for a wide range of magnetic rield strengths { A B/R < B0%).
This quiescent plasma, with electron temperatures two orders of

around 5 eV, electron densities of 10

megnitude greater than thermal alkall plasma ("Q"machines) is
particularly suitable for basic plasma physics studies. Also

the long mean free path for ions and electrons makes study of
this plasma relevant to problems in space physics and controlled
thermonuclear research.

We have lnvestigated experimentally,

a) the density fluctuation level

b) the temperature and density profiles at dilfferent positions
along the plasma column

c) the varlation of density and temperature with magnetic field
strength, applied r.f. power and neutral gas pressure.

From these measurements we have studled end losses (the
dominant loss mechanism) and have obtained verification of the
following simple model for plasma losses in a magnetic mirvor.
We consider a steadystate plasma,volume V, density n and
particle energy kT produced by applying r.f. power P‘R.F. with
coupling elficiency 7? . Then the containment time T is given
by the relation

n (VAT/R.) = T (1)

R.p, We have from (1), MXT . Fol-
.F.
we employ a particle reflection coefficient H,

For constant V, T, and P.
lowing Spitzer,
where R = 1-Bce/Bm, (Bce is the magnetic field strength cor-
responding to electron cyclotron resonance, and Bm is the
maximum field strength in the mirror) and obtain from the

considesration of mass conservation

—(1/n)(dnjit) e (I =R) (2)

From (1) and (2) we have 71« T -{(f‘R}" B_/B_._ . Further, we
must take account of the fact that in a collisionless plasma,
no particle build-up is possible in the absence of mirror con-
finement; i.e. n = 0 for Hm/ﬂce =1, and n >0 for Bm/Bca> 1
Hence we have,

n o (B -8 (3)

The experimental arrangement is shown in Fig. 1. The r.f. power
1s fed to an "L" coi1!) 2)
vacuum wavelength ol the applied r.f. power (=12.5 em) is much
greater than the cut-off wavelength of the "L" coil, ne r.f,
power will be radiated out of the coil. Plasma is generated
whenever the magnetic fleld strength equals the value Bye for
electron cyclotron rescnance (ECR) with the exciting frequency.

of 3 em internal diameter. As the

Because the "L" coil extends over a large region of non uniform
magnetic field, plasma is produced for a variation of nearly
Bo% of the minimum value of By (for which plasma generation
takes place).

From the measurements a), b),and c) we conclude that for
magnetic rield strengths in the range 1,2 <{B & 2 kG, the
production of plasma in the ECH region 1s unaffected by the
position of Boe' The neutral gas pressure was 6 x 10"S torr.
for all the reported measurements. With 40 W of applied
r.f. power the measured electron temperature was 10 eV and
little deviation from this value ( < 10%) has been detected
on the temperature profiles at varlious positions along the
plasma column. The characterisation of this plasma as
collisionless appears well justified from the relevant time
and length scales derived from th; plasma parameters at the
given neutral gas pressure.a
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Fig. 1 Experimental arrangement

the mirror. The different sets of data, each [or a given r.fl.
power level, clearly delfine a common value ol magnelic ield
sirength corresponding to the electron cyeloilron resonance B -
With the same neutral gas pressure and the same range ol pover
levels, the zero value of density has peen verliled wlith a
homogeneous magnetic lield B = B, . Clearly the relutlon (3)

is experimentally well verified. Fig. <b shows plasmu densliuy
measured at the middle of the mirror plotted against applied
power FH.F. for dift'erent magnetic flela strengths. For consu,
B, we have q = P.p o 1n agreement witi (13

In Fig. Za the plasma densiiLy measured al the cenire ol Lhe
mirror (position of probe <) is plotiea agalnst Hw’ tne

!
maximum value of ithe magnetic [ield strength at Lhe end o

ne 6100 cm3 ne6100cm3
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Fig. £b Plasma densily as a
f'unection vl P“‘F‘ ror
dil'lerent values ol

Flg. 2a Plasma densiiy as a
function of Bm for
different values of

applied r.f. power magnellc ield

PR.p.
strength Bm.

We have described a particularly versatile plasma source and

used it to carry out a study of plasma losses in a magnetic

mirror. Experimental results agree well with the description

given by a simple model involving the single particle

reflection coerticient in a magnetic mirror.
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